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Disclaimer 
Medical knowledge Is constantly changing. As new information becomes 
avallable, changes In treatment, procedures, equipment and the use 
of drugs become necessary. The contributors, editors and the publishers, 
as far as possible, have taken care to ensure that the Information given 
In this text Is accurate and up-to-date. However, the readers are strongly 
advised to confirm that the Information, especially with regard to drug 
usage, complies with the latest legislation and standards of practice, 


Notice 

Research In treatment and drug therapy is continually In progress 
throughout the world. Recommendations and contraindications in 
dosage schedules require constant updating and change, both from 
year-to-year and country-to-country. Different drugs may have a similar 


name in other countries or the same drugs may be packed In different 
strengths. It is, therefore, advisable to consult the product information 
sheet provided with each drug, particularly in the case of new, foreign 
or rarely used drugs, to ensure that changes have not been made In the 









recommended dosages. 
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Preface to the Ninth Edition 





A we present the ninth edition of Essential Pediatrics, we are humbled by the role this textbook has played 
in imparting knowledge in child health to generations of doctors. Four decades ago, late Prof. OP Ghai 
foresaw the need for a textbook of pediatrics for medical students of the country and South Asia. Thereafter. each 
new edition has attempted to present updated knowledge to an expanding group of undergraduate and 
postgraduate students. 


For India, the next three decades offer a never-before window of opportunity to accelerate its economic growth 
and emerge as a nation that would banish poverty forever, and attain heights of prospenty and well-being. We 
are transitioning through a demographic phase characterized by an exceptionally high young population 
constituting a workforce that is available for economic activity and nation-building. This demographic dividend 
can be realized only if children and adolescents are healthy, strong and intelligent. Pediatrics, the science and art 
of child healthcare, has thus acquired a new meaning and relevance in the context of new India. 


With Ayushman Bharat, the nation has committed itself to a comprehensive primary health system and to 
ensure financial protection for the vulnerable families in accessing care for children and adults alike. Preventive 
and promotive health and nutrition will gain further ground, and the agenda of health loss due to pneumonia, 
diarrhea, other infections, complications of preterm birth and vaccine preventable diseases would receive even 
more attention. Adolescent health and development will be increasingly important in the coming vears. We are 
already witnessing an upsurge in demand for healthcare for chronic systemic diseases, developmental disorders, 
disabilities and childhood origins of adult diseases. The realization that children have the right to secondary and 
tertiary health care has stimulated the development of pediatric superspecialty programs, 


The present edition of Essential Pediatrics continues to respond to these developments. The book maintains its 
focus on undergraduate medical students. While we ensure that the ‘must know’ contents are thoroughly coverad, 
we provide a glimpse of the 'should know’ curriculum. We have ensured that the size of the book enables it to be 
readable and handy enough for the classroom and the bedside—as Prof. Ghai always reminded us. Given the 
emphasis on updated management of common childhood illnesses, primary care physicians and pediatricians 
would find the book useful. As before, there are strong sections on core areas that continue to serve the needs of 
postgraduate students. 


A number of changes have been incorporated in this edition. We welcome new authors for chapters on disorders 
of development, central nervous system, micronutrients, otorhinolaryngology, poisoning and accidents, and 
integrated management of childhood illnesses. Most other chapters, especially on growth, nutrition, immunization, 
malignancies, genetics, inborn errors of metabolism and infections, have been revised. The CBSiCentral App 
featuring illustrations, clinical photographs, tables and algorithms shall serve as a useful educational resource, 
The editors are grateful to all the contributing authors for their scholarly inputs and ensuring that the chapters 
continue to provide succinct and updated information, meeting the learning needs of students. 


We thank our undergraduate and postgraduate students for their suggestions on content. Dr Priyanka 
Khandelwal has helped during multiple stages of preparation, ensuring consistent style across chapters. Dr Aditi 
Sinha, Dr Biswaroop Chakrabarty and Dr Jitendra Meena read through several sections and made useful 
suggestions. 

We thank our colleagues at CBSP&D, Mr YN Arjuna and Ms Ritu Chawla, for ensuring the quality of publication 
of previous and the present editions. We gratefully acknowledge our colleagues at the AIIMS and other centers 
for contributing illustrations and the support of our secretaries, Mr Anil Bhutani and Mr Akhilesh Sharma. 


We whole-heartedly thank our readers for the trust, support and suggestions. 


Vinod K Paul 
Arvind Bagga 
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Chapter 


1 


INtroduction to Pediatrics 


The branch of medicine that deals with the care of children 
and adolescents is pediatrics. This term has roots in the 
Greek word pedo pais (a child) and iatros (healer). Pediatrics 
covers the age group less than 18 years of age. The goal of 
the specialty is to enable a child to survive, remain healthy, 
and attain the highest possible potential of growth, 
development and intellectual achievement. Child health 
encompasses approaches, interventions and strategies that 
preserve, protect, promote and restore health of children 
at individual and population level. A physician who 
specializes in the healthcare of children and adolescents 
is a pediatrician. 

Children under 15 years of age comprise about 30% of 
India’s population. Childhood is the state when the human 
being is growing and developing. It is the age to acquire 
good habits, values and lifestyles that would make 
children fit, responsible and productive adults and 
citizens. The family, society and nation are duty-bound 
to make children feel secure, cared for, and protected from 
exploitation, violence and societal ills. Female children face 
gender bias in access to healthcare and nutrition. A 
civilized society nurtures all its children, girls and boys 
alike, with love, generosity and benevolence. 

Child is not a miniature adult. The principles of adult 
medicine cannot be directly adapted to children. Pediatric 
biology is unique and risk factors of disease are distinct. 
Clinical manifestations of childhood diseases may be 
different from adults. Indeed, many disorders are unique 
to children—these do not occur in adults. Drug dosages 
in children are specific and nota mathematical derivation 
of adult dosages. Wholesome nutrition is even more 
important for children not only to sustain life, but also to 
ensure their growth and development. 


PEDIATRICS AS A SPECIALITY 

Pediatrics is a fascinating speciality. It eer aes care 
of premature neonates on the one hand, and a : seis 
on the other. The discipline of pediatrics has ae ed 
into well-developed superspecialities (such as neonatology, 
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nephrology, pulmonology, infectious disease, critical care, 
neurology, hemato-oncology, endocrinology and 
cardiology). Pediatrics encompasses intensive care of 
neonates and children using the most sophisticated 
technology, on the one hand, and, providing home care 
to newborns and children, on the other. Child health is 
thus a state-of-the-art clinical science as well as a rich 
public health discipline. 

Medical students should possess competencies for the 
care of healthy and sick children. The agenda of high child 
mortality due to pneumonia, neonatal infections, preterm 
birth complications, diarrhea, birth asphyxia and vaccine 
preventable diseases is still unfinished. The benefits of 
advancing pediatric speciality care must reach all children. 
Besides, an increasing body of knowledge on pediatric 
origins of non-communicable diseases of the adult is set 
to change the paradigm of child health. Primary 
prevention and early detection of adult disorders is an 
important goal of pediatrics. Adolescence offers second 
chance in life to shape good lifestyles and prepare for 
adulthood. 


HISTORICAL PERSPECTIVE 


Medical care of children finds place in the ancient Indian, 
Greek and Chinese systems of health. But as a formal 
discipline, pediatrics took root in Europe and the US in 
the 19th century when some of the famous children 
hospitals were established. BJ Hospital for Children, 
Mumbai was the first child hospital to be established in 
India in 1928. Postgraduate diploma in pediatrics was 
started there in 1944; postgraduate degree programs began 
in the fifties. Pediatrics became an independent subject in 
MBBS course in mid-nineties. The first DM program in 
neonatology started in 1989 at PGIMER, Chandigarh, 
followed by one in pediatric neurology at AIIMS in 2004. 
Half a dozen institutions in the country now run DM 
programs in various pediatric specialities that include 
nephrology, pulmonology, critical care, hematology- 
oncology, oncology, cardiology and endocrinology. 








CHALLENGE OF HIGH CHILD MORTALITY 


India has the highest number of child births as well as 
child deaths for any single nation in the world. Each year, 
as many as 26 million babies are born in India. This 
comprises 18% of the global birth cohort. Of the 
5.95 million under 5 child deaths in the world in 2015, 
1.20 million (20%) occurred in our country. Table 1.1 
provides the most recent figures on the key child mortality 
indices. 

At 39 per 1000 live births (2016), under 5 mortality in 
the country is unacceptably high given our stature as an 
economic, scientific and strategic power. Under 5 mortality 
rate (U5MR) in Japan (3), UK (4), USA (7), Sri Lanka (10), 
China (11) and Brazil (16) is worth comparing with that 
of India. Great nations not only have negligible child 
mortality, but also ensure good health, nutrition, 
education and opportunities to their children. Almost 60% 
of under 5 deaths occur in the neonatal period (<28 days 


Table 1.1: Child mortality indices in India in 2016 ! 
Indices Rate 
Under 5 mortality rate (USMR) 39 per 1000 live births 
Infant mortality rate (IMR) 34 per 1000 live births 
Neonatal mortality rate (NMR) 24 per 1000 live births 
Early neonatal mortality rate (ENMR) 18 per 1000 live births 
Late neonatal mortality rate (LNMR) 06 per 1000 live births 


U5MR: Number of deaths under the age of 5 years per 1000 live births 
IMR: Number of deaths under the age of 1 year per 1000 live births 
NMR: Number of deaths under the age of 28 days per 1000 live births 
ENMR: Number of deaths under the age of 7 days per 1000 live births 
LNMR: Number of deaths after completing 7 days of age but before 
28 days per 1000 live births 
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of life), and the neonatal mortality (NMR) accounts fo, 
% infant deaths. . 
. mass has been a steady decline in child deaths. U5Mp 
has declined by almost two-thirds between 1990 and 2015 
from 126 to 43 per 1000 live births. The country misseq 
the Millennium Development Goal 4 of achieving U5MpR 
of 42 by 2015 by just one number. Between 2000 and 2016, 
IMR declined by 50%, while NMR decreased by 45%, 


(Fig. 1.1). The early neonatal mortality (deaths under 7 


days of life) has been less amenable to change. 


In 2016, there were 9.8 lakh under-5 deaths and 5.7 lakh 
neonatal deaths in the country. | 

National programs focus generally on child deaths 
under the age of 5 years (under-5 mortality). The U5MR, 
IMR and NMR targets enshrined in the National Health 


Policy 2017 are depicted in Table 12 


Why do Children Die? 

The eight important causes of under 5 mortality in children 
in India (with % contribution) are: (i) complications of 
prematurity (24%), (ii) pneumonia (13%), (iii) neonatal 
infections (12%), (iv) diarrhea (11%), (v) birth asphyxia 
(11%), (vi) congenital malformations (4%), (vii) measles 
(3%), and (viii) injuries (3%) (Fig. 1.2). The above causes 
are the proximate conditions that lead to death. Poverty, 
illiteracy, low caste, rural habitat, harmful cultural 
practices, and poor access to safe water and sanitation are 
important determinants of child health. Undernutrition 
is a critical underlying intermediate risk factor of child 
mortality, associated with about 45% of under 5 child 
deaths. Undernutrition causes stunting and wasting, 
predisposes to infections and is associated with adult 
disorders and low economic productivity. 
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Fig. 1.2: Causes of under-5 child deaths. The area to the right of the dotted line Indicates neonatal conditions 


Table 1.2: Child mortality targets in the National Health Policy 2017 
Reduce Under Five Mortality Rate (USMR) to 23 per 1000 live 
births by 2025 
Reduce Infant Mortality Rate (IMR) to 28 per 1000 live births 
by 2019. 


Reduce Neonatal Mortality Rate (NMR) to 16 per 1000 live 
births by 2025 


NATIONAL PROGRAMS ON CHILD HEALTH | = 


Child health has been at the core of our health policy. The 
Universal Immunization Program launched in 1985 
focused on immunization against six diseases 
(tuberculosis, poliomyelitis, diphtheria, pertussis, tetanus 
and measles). The Diarrhoeal Disease Control Programme 
was initiated in 1981 and Acute Respiratory Infections 
Control Programme in 1990. In 1992, India launched the 
Child Survival and Safe Motherhood (CSSM) program by 
combining interventions for child survival (immunization, 
control of diarrheal disease, respiratory infections, 
vitamin A supplementation, essential newborn care) and 
maternal health (antenatal care, deliveries in institutions, 
emergency obstetric care). In 1997, the program for family 
planning and the CSSM program were merged to create 
the Reproductive and Child Health Programme. In phase 
2 of the RCH program (2005), adolescent health component 
was added. 


The government launched the National Rural Health 
Mission (NRHM) in 2005. This mission included 
investment in public health, improvements in health 
systems, focus on communities, decentralisation and 
demand-side interventions to improve effectiveness of the 
programs. The RCH program was integrated into the 
NRHM, with prime focus on child and maternal health, 
Strategies include deployment of more than 900 000 
ASHAs; an increase in ANMs, nurses and doctors; setting 
up of village health and sanitation; strengthened primary 
health care infrastructure; strengthened program 
management capacity, establishment of patient-welfare 
committees at facilities, and creation of emergency 
transport networks, 

In 2013, the government reviewed maternal and child 
health program under NRHM and launched a Strategic 
Approach to Reproductive, Maternal, Newborn, Child and 
Adolescent Health (RMNCH+A) under the XII Plan. The 
intervention packages under the RMNCH+A strategy and 
details are shown in Table 1.3. 

With the advent of the National Urban Health Mission, 
the NRHM is now called as National Health Mission 
(NHM). The roles of ASHA, AWW and ANM in maternal, 
newborn and child health in national programs are shown 
in Table 1.4, 

In 2014, the country launched India Newborn Action 
Plan (INAP) which commits the country to single digit 
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Skilled obstetric care and essential newborn care 
including resuscitation 


Emergency Obstetric and Newborn care (EmONC) 


Postpartum care for mother and baby 


Newborn and child care 
Home based newborn care 


Facility based newborn care 


Integrated management of common 
childhood illnesses 


Table 1.3: Summary of maternal, newborn and child health services under NHM_ 
Pregnancy, childbirth and immediate newborn care Interventions 


Package 

Facility deliveries by skilled birth attendants 
Neonatal resuscitation (Navjat Shishu Suraksha Karyakram that alms to train 
nurses and doctors in neonatal resuscitation) 

Essential newborn care (warmth, hygienic care, breastfeeding, extra care of 


small babies, sickness detection) 
Linkages to Facility-based Newborn Care for sick neonates 


Program drivers 

Janani Suraksha Yojana (JSY) that prov 
(and to the ASHA) for delivery in the facility 

Janani Shishu Suraksha Karyakram (JSSK) that entitles the mother and 
infants to free delivery, medicines / blood, diet, pickup and drop in government 


facilities 


ides cash incentive to the woman 


Home visits by ASHAs (six for facility born babies, on days 3, 7, 14, 21, 28 
and 42; an extra visit on day 1 for home births) 


Interventions for Infants 
Examination: counsel for warmth; breastfeeding; hygiene; extra care of low 


birth weight babies; detection of sickness, referral 


Interventions for mother 
Postpartum care and counselling for family planning 


Program driver 
ASHA paid incentive for home care, birth weight record, birth registration 
and immunization (BCG, first dose OPV and pentavalent) 


Special Newborn Care Units (SNCUs) 

These specialized newborn units at district hospitals with specialised 
equipments including radiant warmers. These units have 12-16 beds with a 
staff of 3 physicians, 10 nurses and 4 support staff to provide round the clock 
services for newborn requiring special care, such as those with very low 
birth weight, neonatal sepsis/pneumonia & common complications. 


Newborn Stabilization Units (NBSUs) 

These are step down units providing facilities for neonates from the periphery 

where babies can be stabilized through effective care. These are set up in 

CHCs and provide services, including resuscitation, provision of warmth, 

initiation of breastfeeding, prevention of infection and cord care, supportive 

care: oxygen, IV fluids, provision for monitoring of vital signs and referral. 

Newborn Care Corners (NBCCs) 

These are special corners within the labor room at all facilities (PHC, CHC, 

DH) where deliveries occur. Services include resuscitation, provision of 

warmth, prevention of infections and early initiation of breastfeeding. 

Program driver 

Janani Shishu Suraksha Karyakram (JSSK) that entitles the mother and 

infants to free delivery, medicines/blood, diet, pickup and drop in government 

facilities 

Integrated Management of Neonatal and Childhood IlIness (IMNCI) by ANMS 

and at first level facility (PHC) 

Facility-IMNC1 at first referral level (e.g. CHC). Focuses on providing inpatient 

management of major causes of childhood mortality such as asphyxia, sepsis, 

low birth weight and pneumonia, diarrhea, malaria, meningitis and severe 

malnutrition 

Program driver 

Jananl Shishu Suraksha Karyakram (JSSK) that entitles the Infants to free 

delivery, medicines/blood, diet, plckup and drop in government facilities 
Contd... 
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[ Table 1.3: Summary of maternal, newborn and child health services under NHM (Contd...) 
Newbor and child care 
Immunization Universal Immunization Programme now Includas 7 vaccino proventablo disoases 


(BCG, pollo, diphthoria, pertussis, tetanus, moaslos and hopatitis B) for all children 
given push by Mission Indradhanush to onsuro no one Is loft bohind 
Pentavalent (DPT, hepatitis B and homophilus Influonza B) vaccine 

OPV supplementary doses administorod on Natlonal Immunization Days 


Injectable polio vaccine (IPV) 
MR (measles and rubella) vaccine 
Rotavirus vaccine In selected states 
Pneumococcal vaccine Initiated In selected states 
Japanese encephalitis B vaccine In endemic districts; combined with routine 
Immunization 

Child health screening and early intervention Launched January 2013; child health screening and early Intervontion services 

services (Rashtriya Bal Swasthya Karyakram; RBSK) through mobile health teams at block level. 
Screening of all children (0-6 years’ old) enrolled at least twice a year for 
30 disorders (4Ds). 
Defects (neural tube defect, Down syndrome, cleft lip/palate, club foot, 
dysplasia hip, congenital cataract or deafness, congenital heart diseases 
and retinopathy of prematurity) 
Deficiencies (anemia, vitamin A deficiency, vitamin D deficiency, severe acute 
malnutrition and goiter) 
Diseases (skin conditions, otitis media, rheumatic heart disease, reactive 
airway disease, dental caries and convulsions) 
Developmental delays and disablilitles (vision or hearing impairment, 
neuromotor impairment, motor delay, cognitive delay, language delay, 
behaviour disorder, learning disorders, attention deficit hyperactivity disorder) 
Optional (congenital hypothyroidism, sickle cell anemia, beta thalassemia) 
Free management of these children at district early intervention centres or 
identified tertiary level institutions 


CHC: Community health centre; PHC: Primary health centre; DH: District hospital; Further reading; State of India's Newborns 2014 


Table 1.4: Roles of grassroots team in child health 
Role in maternal, newborn and child health 


Mobilizing pregnant mother for antenatal check and care 
Accompanying pregnant mother to facility for delivery 
Home care of the newborn and post-partum mothers 
Facilitating immunization 

Promoting complementary feeding 

Primary care in diarrhea and pneumonia 

Health education 

Providing nutrition supplement to pregnant mother and children 
Facilitating antenatal checks and immunization 

Promoting infant and young child feeding 

Growth monitoring of children 

Supplementary nutrition to children 

Managing malnourished children 

Non-formal pre-school education 

Facilitating antenatal checks and care of pregnant mothers 
Immunization 

Supervising ASHA and AWW in newborn and child care 
Providing IMNCI services for neonates and children 
Antenatal checks 

Health education 


The government has also revamped the adolescent health programme, namely, the Rashtriya Kishore Swasthya Karyakram with focus on nutrition, 
sexual and reproductive health, mental health, prevention of injuries and violence and prevention of substance misuse and addressing non- 


Provider 


ASHA 
Accredited Social Health Activist 


AWW 
Anganwari Worker 


ANM 
Auxiliary Nurse Midwife 


communicable disease. 





NMR and stillbirth rate by 2030 and lays down strategies 
to achieve these targets. 

Mission Indradhanush, launched in 2014, is a national 
immunization drive to attain 90% coverage of 7 vaccines 
(BCG, polio, diphtheria, pertussis, tetanus, measles and 
hepatitis B) by 2020. 

Since 2014, the government also observes the 
Intensified Diarrhea Control Fortnight (IDCF) in June/ 
July to intensify efforts to reduce child deaths due to 
diarrhoea. Through this initiative, mass awareness about 
prevention and treatment of diarrhea with a combination 
of Oral Rehydration Salt (ORS) solution and zinc tablets 
is created. 

A new program, namely Home-based Care of Young 
Child (HBYC), will be introduced in 2018. This encompasses 
3 monthly home visits by ASHA workers from 3 months to 
15 months of age. The program aims to ensure introduction 
of complementary feed at 6 months of age with adequate 
nutritional intake with increasing age, continuing breast 
feeding; counselling for immunization, and early care 
seeking in diarrhea and pneumonia; growth monitoring 
and care of undernourished child; early childhood 
development; and to ensure hygiene and sanitation. 

All these efforts coupled with overall socio-economic 
development are paying good dividends. India has 
attained institutional delivery rate of over 80%, a 
remarkable jump from just 39% a decade ago. In 2015-16, 
full immunization coverage (BCG, OPV, DPT, measles) 
was 62% and use ORS for diarrhea reached 51% (compared 
to 44% and 26% in 2005-06, respectively). 
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FUTURE OF CHILD HEALTH 


ion i dressing child health challenges With 
i ~ ata than ee before. Investments are bein 
made for health programs and health system strengthening 
Likewise, complete conditional cash transfers ang 
entitlements are enshrined to stimulate demand fo; 
maternal, newborn and child healthcare. The country jg 
surging ahead with stronger economy and accelerated 
development. Child health and survival is at the core of 
the National Health Policy 2017 as well as country’s 
commitments for the Sustainable Development Goals 
(SDGs). Ayushman Bharat initiative of the government 
announced in 2018 encompasses strengthening of p 
health care by developing 150,000 health and wellness 
centres, and by providing financial protection for 
hospitalizations for 100 million families (500 million 
persons). The latter will enable families cashless access to 
in-patient care for pediatric and neonatal illnesses. Swachh 
Bharat mission will help reduce ill health. India is poised 
to attain low child mortality rate, and improve remarkably 
the health and nutrition status of her children in near future. 
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Growth - 


Growth is an essential feature that distinguishes a child 
from an adult. The process of growth starts from the time of 
conception and continues until the child grows into a fully 
mature adult. The terms ‘growth’ and ‘development’ are 
often used together, but are not interchangeable because 
they represent two different facets of the dynamics of 
change, i.e. those of quantity and quality. 


The term growth denotes a net increase in the size or mass 
of tissues. It is largely attributed to multiplication of cells 
and increase in the intracellular substance. Hypertrophy 
or expansion of cell size contributes to a lesser extent to the 
process of growth. 


Development specifies maturation of functions. It is related 
to the maturation and myelination of the nervous system 
and indicates acquisition of a variety of skills for optimal 
functioning of the individual. 


Growth and development usually proceed concurrently. 
While they are discussed separately, both growth and 
development are closely related; hence, factors affecting 
one also tend to have an impact on the other. During early 
embryonic period of life, an exponential increase in the 
number of cells occurs. At the early embryonic stage, fetal 
cells divide and differentiate to form tissues and organs. In 
the latter half of pregnancy and early childhood, there is 
also an increase in cell size. This manifests as an increase 
in the protein to DNA ratio. The cell size continues to enlarge 
until about 10 years of age. The body cells remain ina state 
of dynamic equilibrium; hence aging cells are continuously 
replaced by new cells. The rate of turnover of cells in 


different tissues is variable. 


FACTORS AFFECTING GROWTH 


Fetal Growth 

Fetal growth is influenced prim etal, p! 

material factors. In humans, 40% of variation in the birth- 

Weight is due to genetic factors while the rest ‘ due ‘ 

environmental factors. The fetus has an eee a 

Potential, and under normal cicamstan a . coe is 
: healthy appropriate sized newborn. 


arily by fetal, placental and 
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placental-fetal unit acts in harmony to provide the needs of 
the fetus. 


Genetic potential: Parental traits are usually transmitted to 
the offspring. Thus, tall parents have tall children; the size 
of the head is more closely related to that of parents than 
are the size and shape of hands and feet. Similarly, the 
structure of the chest and fatty tissue has better genetic 
association than other somatic characteristics. 


Sex: Boys are generally taller and heavier than girls at the 
time of birth. 


Fetal hormones: Human fetus secretes thyroxine from the 
12th week of gestation. Thyroxine and insulin have an 
important role in regulating tissue accretion and 
differentiation in the fetus. Both hormones are required for 
normal growth and development, particularly during late 
gestation. Glucocorticoids also play an important role, 
primarily towards the end of gestation and influence the 
prepartum maturation of organs such as liver, lungs and 
gastrointestinal tract. Growth hormone, though present in 
high levels in fetus, is not known to influence fetal growth. 


Fetal growth factors: A large number of growth factors 
are synthesized locally in fetal tissues, and act principally 
by autocrine and paracrine mechanisms. Their prime effect 
is on cell division, though they also influence other aspects 
of tissue growth. These factors can be both growth 
promoting or inhibitory. The insulin like growth factor 
(IGF)-I and IGF-II are among t.he most extensively studied 
fetal growth factors. 


Placental factors: As in most species, fetal weight directly 
correlates with placental weight at term. Fetal growth is 
highly dependent on the structural and functional integrity 
of the placenta. With advancing gestation, the weight of the 
placenta increases to cater to the increased needs of the baby. 
There are important functional and structural changes in 
the placenta that make this adaptation more efficient. The 
total villous surface area increases, the diffusion distance 
decreases, the fetal capillaries dilate and the resistance in 
fetoplacental vasculature falls. This positive remodeling 
facilitates nutrient transport across the placenta. 








Maternal factors: The mother’s own fetal and childhood 
growth and her nutrient intake and body composition at 
the time of conception and during pregnancy, play an 
important role in determining fetal size. Teenage or 
advanced age, recent pregnancy, high parity and anemia 
negatively influence fetal size and health. Maternal intake 
of tobacco (smoked or chewed) and drug or alcohol abuse 
also retard fetal growth. Obstetric complications such as 
pregnancy-induced hypertension, pre-eclampsia and 
multiple pregnancies produce fetal growth restriction. Pre- 
existing chronic systemic disease (chronic renal failure, 
congestive heart failure) and acquired infections (rubella, 
syphilis, hepatitis B, HIV, CMV, toxoplasmosis) may 
influence fetal growth. 


Postnatal Period 


The growth of the child during postnatal life is determined 


by genetic potential as well as internal and external 
influences. 


Genetic factors: Both chromosomal disorders and mutations 
in specific genes can affect growth. Chromosomal defects 
like Turner syndrome and Down syndrome manifest as 
growth retardation. Mutation of single genes may result in 
inherited retardation of growth, e.g. Prader-Willi syndrome 
and Noonan syndrome. While most disorders lead to short 
stature, some genetic defects can also result in tall stature, 
e.g. Klinefelter syndrome and Sotos syndrome. 


Intrauterine growth restriction (IUGR); IUGR resulting in 
low birth weight (LBW) constitutes an important risk factor 
for postnatal malnutrition and poor growth. LBW increases 
the odds of underweight, stunting and wasting in the first 
5 years of life by 3 to 5 times. At 6 months of age, 
approximately one-third each of underweight (28%), 
stunting (28%) and wasting (22%) are attributable to LBW. 
At ages between 1 and 5 years, LBW accounts for 16-21% 
of wasting, 8-16% of stunting and 16-19% of underweight. 
Almost one-third and one-fifth of infants have wasting and 
stunting, respectively, even at birth (Fig. 2.1). 
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During early infancy, exclusive breastfeeding provides 

sdncpante pee ehaaere infections and protects the 
infants from further undernourishment. However, at 3-5 
months, the common practice of supplementing the infants 
with animal milk increases morbidity due to infections 
leading to underweight and stunting. Subsequently, faulty 
complementary feeding practices (starting too late, using 
too little and very less calorie dense foods) along with poor 
hygiene lead to a further rise in rates of underweight and 
stunting. 
Hormonal influence: Normal growth cannot proceed without 
the right milieu of hormones in the body throughout 
childhood and adolescence. Absence of growth hormone Or 
thyroxine results in dwarfism, underscoring the importance 
of these factors in promoting growth. During adolescence, 
androgens and estrogens have an important influence on 
the growth spurt and final adult height. 


Sex: The pubertal growth spurt occurs earlier in girls. 
However, their mean height and weight in girls are usually 
less than those in boys of corresponding ages at the time of 
full maturity. 


Nutrition: Growth of children suffering from protein-energy 
malnutrition, anemia and vitamin deficiency states is 
retarded. Calcium, iron, zinc, iodine and vitamins A and D 
are closely related to disorders of growth and development. 
On the other hand, overeating and obesity accelerate 
somatic growth. 


Infections: In low resource settings, one of the commonest 
contributors to poor childhood growth is infections. 
Persistent or recurrent diarrhea and respiratory tract 
infections are common causes of growth impairment. 
Systemic infections and parasitic infestations may also retard 
the velocity of growth. The risk of stunting at 2 years of ageis 
shown to increase with each episode of diarrhea and with 
each day of diarrhea before 2 years of age. It was alsoshown 


that the attributable risk for stunting for5or more episodes of 
diarrhea before 24 months of age was 25%, 
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Fig. 2.1: Proportion of children with stunting, underweight and wasting from birth to 5 years. Reproduced with permission from Paul. 


et al. Lancet 201 1:377:332-49 





Growth 





Chemical agents: Administration of androgenic hormones 
initially accelerates the skeletal growth. However, 
androgens cause the epiphyses of bones to close 
prematurely, leading to early cessation of bone growth. 


Trauma: A fracture at the end of a bone may damage the 
growing epiphysis, and thus hamper skeletal growth. 


Social Factors 


Socioeconomic level: Children from families with high 
socioeconomic level usually have better nutritional state. 
They suffer from fewer infections because of better nutrition 
and hygienic living conditions, 


Poverty: Hunger, undernutrition and infections, often 
associated with poverty, cause poor growth. 


Natural resources: Plentiful natural resources encourage 
industrial and agricultural enterprise in the country. 
Improved nutrition of children in the community is 
facilitated when there is a climb in gross national product 
and per capita income is high. 


Climate: The velocity of growth may alter in different 
seasons and is usually higher in spring and low in summer 
months. Infections and infestations are common in hot and 
humid climate. Weather also has a pivotal effect on 
agricultural productivity, ready availability of food and 
capacity for strenuous labor by the population. 


Emotional factors: Children from broken homes and 
orphanages do not grow and develop at an optimal rate. 
Anxiety, insecurity and lack of emotional support and love 
from the family prejudice the neurochemical regulation of 
growth hormone release. Parents who had happy 
childhood and carry a cheerful personality are more likely 
to have children with similar countenance. 


Cultural factors: Methods of child rearing and infant feeding 
in the community are determined by cultural habits and 
conventions. There may be religious taboos against 
consumption of particular types of food. These affect the 
nutritional state and growth performance of children. 


Parental education: Mothers with more education are more 
likely to adopt appropriate health promoting behaviors, 
which have direct and indirect influences on growth and 


development. 


Consequences of Impaired Growth 


Maternal and child undernutrition is the underlying cause 
of 3-5 million deaths annually and accounts for 35% of the 
disease burden in children younger than 5 years. It is 
estimated that India has more than 61 million stunted 
children, that amounts to 34% of the global total. 

Several major disorders of later life, including coronary 
heart disease, hypertension and type 2 diabetes, originate 
from impaired intrauterine growth and development. 
These diseases may be consequences of ‘programming’, 
whereby a stimulus or insult at a critical, sensitive period 
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of early life has permanent effects on structure, physiology 
and metabolism. The “Developmental Origins of Health 
and Diseases; DOHaD; Barker hypothesis” proposes that 
alterations in fetal nutrition and endocrine status result 
in developmental adaptations that permanently change 
structure, physiology and metabolism, thereby 
predisposing individuals to cardiovascular, metabolic 
and endocrine disease in adult life. As a result, infants 
born with low birth weight have increased risk of diabetes, 
hypertension, coronary artery disease and hyperlipidemia 
in adult life. 


Laws of Growth 


Growth and development of children is a continuous and 
orderly process: There are specific periods in a child’s life 
when the rate of growth is steady, accelerates or decelerates 
(Table 2.1). The fetus grows fast in the first half of gestation. 
Thereafter, the rate of growth is slowed down until the 
baby is born. In the early postnatal period, the velocity of 
growth is high, especially in the first a few months. 

Thereafter, there is slower but steady rate of growth during 
mid-childhood. A second phase of accelerated growth 
occurs at puberty. Growth decelerates thereafter for some 

time and then ceases altogether. The general body growth 

is rapid during the fetal life, first one or two years of postnatal 

life and also during puberty (Fig. 2.2). In the intervening 

years of mid-childhood, the somatic growth velocity is 

relatively slowed down. 


Growth pattern of every individual is unique: Order of 
growth is cephalocaudal and distal to proximal. During 
fetal life, growth of head occurs before that of neck, and 
arms grow before legs. Distal parts of the body such as 
hands increase in size before upper arms. In the postnatal 
life, growth of head slows down but limbs continue to grow 
rapidly. 


Table 2.1; Periods of growth 
Prenatal period 


Ovum 0 to 2 weeks 
Embryo 3 to 8 weeks 
Fetus 9 weeks to birth 


Perinatal period 
Postnatal period 


22 weeks to 7 days after birth 


Newborn First 4 weeks after birth 
Infant Birth to <12 months 
(neonate: Birth to 28 days; 
post-neonate: 29 days to <1 year) 
Toddler 1 year to 36 months 


37-72 months 
73 months—12 years 


Preschool child 
School age child 


Adolescence 


Early 10-13 years 
Middle 14-16 years 
Late 17-20 years 
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Fig. 2.2: Normal height velocity (a) girls and (b) boys according to age. Curves for height velocity at 50th centile for early and late 
maturers are also depicted. The open arrow heads Indicate the 3rd and 97th centile for peak height velocity for these individuals. 
Reprinted from J Pediatr 1985;107:31 7-29; with permission from Elsevier 


Different tissues grow at different rates (Fig. 2.3) 


Brain growth: The brain enlarges rapidly during the latter 
months of fetal life and early months of postnatal life. At birth, 
the head size is about 65-70% of the expected head size in 
adults. It reaches 90% of the adult head size by the age of 2 
years. Thus, the fetal phase and the first two years are crucial 
periods for brain development. Later periods are also impor- 


tant for acquiring neuromotor functions and cognitive 
ability. 


Growth of gonads: Gonadal growth is dormant during 
childhood and becomes conspicuous during pubescence. 


Lymphoid growth: The growth of lymphoid tissue is most 
notable during mid-childhood. During this period, the 
lymphoid tissue is overgrown and its mass may appear to 
be larger than that of the fully mature adult. A sign of 
accelerated lymphoid growth is the frequent finding of large 
tonsils and palpable lymph nodes in normal children 
between 4 and 8 years. 


Growth of body fat and muscle mass: Body tissues can be 
divided into fat and fat-free components. The lean body 
mass includes muscle tissue, internal organs and skeleton 
and contains only a small amount of fat. The growth in 
lean body mass is primarily due to increase in muscle mass. 
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Fig. 2.3: Rates of growth of different tissues and organs 


Lean body mass correlates closely with stature. Taller 
children have greater lean body mass than shorter children 
of the same age. After the pubertal growth spurt, boys have 
greater lean body mass compared to girls. Body fat is the 
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storehouse of energy. It is primarily deposited in the sub- 
cutaneous adipose tissue. Girls have more subcutaneous 
adipose tissue than boys. Moreover, the sites and quantity 
of adipose tissue differs in girls and boys. Girls tend to add 
adipose tissue to breasts, buttocks, thighs and back of arms 
during adolescence. 


SOMATIC GROWTH 
Skeletal Growth 


Skeletal growth is a continuous process occurring during 
the whole of childhood and adolescence. It is steady until 
the pubertal growth spurt when it accelerates and 
subsequently slows considerably. The skeleton is mature 
once the epiphysis or growth plates at the end of long bones 
fuse to the shaft or diaphysis. This occurs by about 18 years 
in girls and 20-22 years in boys. The degree of skeletal 
maturation closely correlates with the degree of sexual 
maturation. A child who has advanced sexual maturity 
will also have earlier skeletal maturation. 


Skeletal maturation is assessed by noting the appearance 
and fusion of epiphysis at the ends of long bones. Apart 
from this, bone mineral density can be ascertained by dual 
energy X-ray absorptiometry [DXA]. This method allows 
assessment of bone mineral content and density at different 
ages. 


Bone Age Estimation 


Assessment of bone age postnatally is based on (i) number, 
shape and size of epiphyseal centers and (ii) size, shape 
and density of the ends of bones. Tanner and Whitehouse 
described 8 to 9 stages of development of ossification 
centers and gave them ‘maturity scoring’. Fifty percent of 
the score was given for carpal bones, 20% for radius, ulna 
and 30% for phalanges. Twenty ossification centers are 
generally used for determining the bone age. These include: 
(i) carpal bones, (ii) metacarpalls, (iii) patella, (iv) distal and 
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proximal toes in both sexes; and (v) distal and middle 
phalanges in boys and distal and proximal phalanges in 
girls. To determine the skeletal age in infants between 3 and 
9 months, a radiograph of shoulder is most helpful. A single 
film of hands and wrists is adequate in children between 
the ages of 1 and 13 years. For children between 12 and 
14 years, radiographs of elbow and hip give helpful clues. 


Eruption of Teeth 


Primary teeth: The teeth in the upper jaw erupt earlier than 
those in the lower jaw, except for lower central incisors 
and second molar (Table 2.2), 


Permanent teeth: The order of eruption is shown in 
Table 2.2. The first molars are the first to erupt. 


ASSESSMENT OF PHYSICAL GROWTH 


Weight: The weight of the child in the nude or minimal 
light clothing is recorded accurately ona lever or electronic 
type of weighing scale (Fig. 2.4). Spring balances are less 
accurate. It is important that child be placed in the middle 
of weighing pan. The weighing scale should be corrected 





Fig. 2.4: Beam scale for accurate measurement of weight. The 
child should be nude or in minimal Clothing 


Table 2.2: Timing of dentition 


Time of fall, years 


Upper Lower Upper Lower 
Central incisors 8-12 6-10 6-7 6-7 
Lateral incisors 9-13 10-16 7-8 7-8 
First molar 13-19 14-18 9-11 9-11 
Canine 16-22 17-23 10-12 9-40 
Second molar 25-33 23-31 10-12 10-12 
; Permanent teeth 
Time of eruption, years 
| Upper Lower Upper Lower 
‘First molar 6-7 6-7 First premolar 10-11 10-12 
Central incisors 7-8 6-7 Second premolar 10-12 10-12 
_ Lateral incisors 8-9 7-8 Second molar 42-13 11-13 
11-12 10-12 | Third molar 17-21 17-21 


Canine 


jz 
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for any zero error before measurement, Serial measurement 
should be done on the same weighing scale. The weight of 
a small baby can also be recorded with the mother/care 
giver using a tared weighing scale (Panel 1). 


Panel 1: Steps In welghing a baby using a digital scale with 

taring facility (Fig. 2.5) 

1.Use the tared weighing method to weigh children who 
cannot stand on the weighing scale 

2. Place the weighing scale on a flat, hard, and even surface. 

3. Babies should be weighed naked or with minimal clothing. 

4. Ask the mother/caregiver to stand In the middle of the scale 
(without footwear), feet slightly apart and to remain still. 

5, With the mother/caregiver still standing on the scale, press 
the fare button. 

6. The scale is tarred when the display shows the number 
zero (while mother/caregiver is still standing on the scale). 

7. Handover the baby to the mother 

8. Record the baby's weight that appears on the display. 

Note: If the mother is very heavy (e.g. 100 kg), then a lighter 

person should hold the baby on the tared scale. 


Reference: World Health Organization. Training Course on Child Growth 
Assessment. Geneva, WHO, 2008. 





3. The machine 
shows child's 
weight 


Fig. 2.5: Welghing a small child with mother on a welghing 
scale with tarlng facility 


1. Take mother's weight 2. Tare the scale 


Length: Length is recorded for children under 2 years of 
age. Hairpins are removed and braids undone. Bulky 
diapers should be removed. The child is placed supine on 
a rigid measuring table or an infantometer. The head is 
held firmly in position against a fixed upright headboard 
by one person. Legs are straightened, keeping feet at right 
angles to legs, with toes pointing upward. The free 
footboard is brought into firm contact with the child’s heels 
(Fig. 2,6). Length of the baby is measured froma scale, which 
is set in the measuring table. Measurement of length of a 
child lying on a mattress and/or using cloth tapes, is 
inaccurate and not recommended (Panel 2). 


Panel 2: Steps In measuring length (Fig. 2.6) 

1, Place the child on his back on a clean length board (use a 
clean cloth to make the board comfortable) 

2. Ensure that the head Is In firm contact with the headboard 
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5, The footboard should be moved to ensure that the feet are 
firmly against it. 


6. Measure the length in t . 
Note: Be very gentle with newborns, their knees may not 


straighten fully. If it is not possible to position both knees, 


then measure with one leg in position. , 
id Health Organization. Training Course on Child Growth 


his position. 


Reference: Wor 


Assessment. Geneva, WHO, 2008. 





Fig. 2.6: Measurement of length on an Infantometer. Note how 
the knees are gently straightened while the head and feet are 


allgned 


Standing height: For the standing height, the child stands 
upright. Heelsare slightly separated and the weight is borne 
evenly on both feet. Heels, buttocks, shoulder blades and back 
of head are brought in contact witha vertical surface suchas 
wall, height measuring rod ora stadiometer. The head isso 
positioned that the child looks directly forwards with 
Frankfort plane (the line joining the root of external auditory 
meatus to the lower margin of orbit) and the biauricular plane 
being horizontal. The head piece is kept firmly over the head 
to compress the hair (Fig. 2.7 and Panel 3). 


Panel 3: Steps in measuring Standing height (Fig. 2.7) 

1. The child's footwear and any hair tie-up should be removed. 

2. The child should stand on the height board with the back of 
the head, shoulders, buttocks, calves, and heels touching 
the vertical board. 

3. Position the head such that the child is looking straight 
ahead (the line joining the external auditory meatus and 
re Pe border of the eyeball should be parallel to the 

oor 

4.With the child still in this position, the headboard is gently 
pulled down to rest firmly on the head. 

5. Measure the length in this position. 


Reference: World Health Organization. Training Course on Child Growth 
Assessment. Geneva, WHO, 2008. 


Head circumference: Hair ornaments are removed and braids 
undone. Using a nonstretchable tape, the maximum 
circumference of the head from the occipital protuberance 
to the supraorbital ridges on the forehead is recorded 
(Fig. 2.8). 
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Fig. 2.7: Method of recording height. 
Note the erect posture and the bare feet 
placed flat on the ground. The back of 
heels, buttocks, shoulders and occiput 
are touching the wall 





Fig. 2.8: Method of recording 
head circumference 





Chest circumference: The chest circumference is measured 
at the level of the nipples, midway between inspiration 
and expiration (Fig. 2.9). 


Mid-upper arm circumference: To measuring the mid-upper 
arm circumference, first mark a point midway between the 
tip of acromian process of scapula and the olecranon of ulna, 
while the child holds the leftarm by hisside (Fig. 2.10). Itshould 
be ensured that the tape isjust tight enough toavoid any gap 
as wellas avoid compression of soft tissues. 


Normal Growth 


It is difficult to precisely define the normal pattern of growth. 
Generally, it implies an average of readings obtained ina 
group of healthy individuals, along with a permissible 
range of variation, ie. between the third and ninety-seventh 
percentiles. Most healthy children maintain their growth 
percentile on the growth charts as the years pass by. 
Significant deviation in a child’s plotted position on the 
growth chart can be due to a recent illness or Over- or 














Fig. 2.10: Measurement of mid- 
upper arm circumference. 
Note how the anatomical 
landmarks are first located 
(arrows) to accurately measure 
the circumference 


Fig. 2.9: Method of measure- 
ment of chest circumference 
at the level of nipples 


undernutrition. It is also important to take into account the 
gestational age of infants born prematurely. The duration 
of prematurity is subtracted from the infant's chronological 
age. This correction, however, is not required after 2 years 
of age. 


Weight: The average birth weight of neonates is about 3 kg. 
During the first a few days after birth, the newborn loses 
extracellular fluid equivalent to about 10% of the body weight. 
Most infants regain their birth weight by the age of 10 days. 
Subsequently, they gain weight at a rate of approximately 
20—40 g per day for the first 3 months of life. Thereafter, they 
gain about 400 g weight every month for the remaining part 
of the first year. An infant usually doubles his birth weight 
by the age of 5 months. The birth weight triples at 1 year and 
is four times at 2 years of age. Thus, the weight at 5 months, 
1 year and 2 years is approximately 6, 9 and 12 kg, 
respectively. The weight of a child at the age of 3 years is 
approximately five times that of the birth weight. At 5 years, 
the expected weight can be calculated by multiplying the 
birth weight by 6, at 7 years by 7 and at 10 years by 10. It 
follows that the expected weight at 3, 5, 7 and 10 years is 
approximately 15, 18, 21 and 30 kg, respectively. On an 
average, a child gains about 2 kg every year between the 
ages of 3 and 7 years, and 3 kg per year after that till the 
pubertal growth spurt begins (Table 2.3). 


) Table 2.3: Approximate anthropometric values by age 


Age Weight (kg) Length or Head circum- 
| height (cm) _ ference (cm) 

Birth 3 50 34 

6 months’ 6 (doubles) 65 43 

1 year 9 (triples) 75 46 

2 years 12 (quadruples) 90 48 

3 years 15 95 49 

4 years 16 100 50 








Length or height: The infant measures approximately 50 cm 
at birth, 60 cm at 3 months, 65 cm at 6 months 70 cm at 
9 months, 75 cm at 1 year and 90 cm at 2 years. A normal 
Indian child is 100 cm tall at the age of 4 years. Thereafter, 
the child gains about 6 cm in height every year, until the 
age of 12 years. After this, increments in height vary 
according to the age at the onset of puberty. There is a 
marked acceleration of the growth during puberty. 


Head circumference (HC): Head growth is rapid, especially 
in the first half of infancy. It reflects the brain growth during 
this period. The head growth slows considerably thereafter. 
Beginning at 34 cm at birth, the head circumference 
increases approximately 2 cm per month for first 3 months, 
1 cm per month between 3 and 6 months and 0.5 cm per 
month for the rest of the first year of life. The head 
circumference is approximately 40 cm at3 months, 43 cm 


at 6 months, 46-47 cm at 1 year, 48 cm at 2 years. By 12 years, 
it is 52 cm. 


Chest circumference: The circumference of chest is about 
3cm less than the head circumference at birth. The 
circumference of head and chest are almost equal by the 


age of 1 year. Thereafter, the chest circumference exceeds 
the head circumference. 


Body mass index (BMI): The formula to calculate BMI is 
weight (kg) /height (meter)*. BMI is primarily used to assess 
obesity. 


Growth Charts 


If the growth measurements are recorded ina child overa 
period of time and are plotted ona graph, the deviation in 
the growth profile of the child from the normal pattern of 
growth for that age can be easily interpreted. This is a 
satisfactory tool to diagnose deviation of growth from 
normal. Allowed normal range of variation in observations 
is conventionally taken as values between 3rd and 97th 
percentile curves. Percentile curves represent frequency 
distribution curves. For example, 25th percentile for height 
in a population would mean that height of 75% of 
individuals is above and 24% are below this value. One 
standard deviation (SD) above the mean coincides with 
84th percentile curve. Likewise 16th percentile curve 
represents one SD below the mean. Values between third 
and 97th percentile curve correspond to mean +2 SD. 


Z-scores: In a population with observations in a typical 
Gaussian (normal) distribution, any individual value can 
be expressed as how many SDs it lies above or below the 
mean. This is the Z-score for that observation. Thus, if a 
child’s weight is at 2 SD below the mean, it is equivalent to 
-2 Z. If the value lies above the mean, Z-score is positive, 
otherwise it is negative. The formula for calculating the 
Z-score is: 

Observed value — mean value 

Standard deviation 


Z-score = 
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Growth Standards 
Growth standards represent norms of arent Wc can 
ted in tabular or graphical manner. These are 
be pees ‘ther cross-sectional or longitudinal studies 
aes , SAGHGRKe Based on data obtained from Us 
nuMaee popu National Center for Health Statistics 
RE: wth charts in 1977. In the year 
(NCHS) developed gro DC off 
2000, revised growth charts provided by CDC offered an 
improved tool to assess child health. However, these 
charts were based on data obtained from US children 
who were formula fed. 

Sensing the need for more internationally applicable 
growth standards, the WHO conducted the ‘Multicentre 
Growth Reference Study’ (MGRS) and published new growth 
charts for infants and children up to 5 years of age in 2006. 
The MGRS was a community-based, multi-country project 
conducted in Brazil, Ghana, India, Norway, Oman and the 
United States. The children included in the study were raised 
in environment that minimized constraints to growth such 
as poor nutrition and infection. In addition, their mothers 
followed healthy practices such as breastfeeding their 
children and did not smoke during and after pregnancy. 
These WHO child growth standards are unique on several 
counts. They provide data on ‘how children should grow’, 
and go beyond the traditional descriptive references. The 
new standards make breastfeeding the biological norm and 
establishes the breastfed infant as the normative growth 
model. The pooled sample from the six participating countries 
makes it a truly international standard and reiterates the 
fact that child populations grow similarly across the world’s 
major regions when their needs for health and care are met. 
feichtana wash an salads new growth indicators beyond 
the increasing e id nt prper Pee ee 
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Growth standards are not available for children olde? 
than 5 years. The Indian Academy of Pediatrics (IAP) has 
provided updated growth charts for children 5 to 18 years, 
based on data from 33148 children (Table 2.9 and 2.10). 


The charts can also be downloaded from http://iapindia.org/ 


Revised-IAP-Growth-Charts-2015. php, 


provide percentile curves 
ght, weight for height and head 
and boys up to 5 years of age based 
ards. Tables 2.4 to 2.8 summarize the 
ght and head circumference for these 
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Fig. 2.11: Welght-for-age (girls) flom birth to 5 years (percentiles) 
Fig. 2.12: Weight-for-age (boys) from birth to 5 years (percentiles) 
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Fig, 2.13; Helght-for-age (girls) from birth to 5 years (percentiles) 
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Fig. 2.15: Weight-for-length (girls) from birth to 2 years (percentiles) 
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Fig. 2.16: Weight-for-length (boys) from birth to 2 years (percentiles) 
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Fig. 2.17: Welght-for-height (girls) from 2 to 5 years (percentiles) 
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Fig. 2.18: Welght-for-helght (boys) from 2 to 5 years (Percentiles) 
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Fig. 2.19: Head circumference (girls) from birth to 5 years (percentiles) | 
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Fig. 2.20: Head clrcumference (boys) from birth to 5 years (percentiles) 
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Table 2.4: Weight-for-age and length/height-for-age In girls O-5 years of age 





Months Weight-for-age, kg See) en! MAO. cae 
-3SD -2SD -1SD Median 1SD 2SD 38D -3SD -28SD -1SD Median |! os a0 fe 
0 2.0 2.4 26 “32. BF 42 Jae 436 454 47.39 49.1 re 576 OBOE 
1 oF) «32 36 42 48 55 £62 478 49.8 51.7 63,7 a4 O14 9 «Bag 
2 34 3.9 456 “8 58 6.6 7.5 51.0 530 55.0 67.1 a B40 8G 
3 40 4.5 52 58 66 75 88 635 65.6 57.7 50.8 61, 564 888 
4 44 5.0 5.7 6.4 7.3 8.2 9,3 55.6 57.8 59.9 62.1 64,3 nd sh 
5 48 5.4 6.1 6.9 7.8 8.8 10.0 57.4 59.6 461.8 64.0 66,2 oe 2 
5 4 BF 6.5 7.3 8.2 9.3 10.6 58.9 61.2 63.5 65.7 68.0 hae he 
7 53 6.0 6.8 7.6 8.6 98 1114 60.3 62.7 4650 °#&67.3 69,6 ah ae 
g 5.6 866.3 7.0 7.9 90 102 116 61.7 640 66.4 68,7 7444 oe “ae 
9 58 866.5 7.3 8.2 93 105 12.0 62.9 65.3 67.7 70.1 72.6 75, aA 
10 59 67 7.5 8.5 96 109 124 64.1 665 69.0 71,5 73,9 76.4 76.9 
11 61 69 7.7 8.7 99 112 128 65.2 67.7 703 728 75.3 77.6 80.5 
12 63. 7.0 79 89 101 15 13.1 66.3 689 714 ++%740 76  j§%(70.2 61,7 
13 6.4 7.2 8.1 92 10.4 11.8 13.5 67.3 70.0 72.6 75.2 77.8 60.5 &3,1 
14 66 7.4 83 6 9406-106 «6121 «6138 | 683 «710 737 764 791 617 84.4 
15 6.7 7.6 8.5 96 109 124 144 69.3 72.0 74,8 77.5 80.2 83,0 85.7 
16 69 Ki7 8.7 98 1141 126 145 70.2 73.0 75.8 78.6 61.4 84.2 87,0 
17 70 7.9 89 100 14 129 148 71.1 740 768 79.7 82.6 85.4 86.2 
18 7.2 8.1 94° 162) She! 182° 455 72.0 749 77.8 80,7 63.6 86.5 89.4 
19 73 382 o2 ‘104 198 4355 45.4 72.8 75.8 78.8 81.7 84,7 87,6 90.6 
20 75 8.4 94 106 424 {37 4187 77% 762) WF e827 65.7 68,7 91.7 
21 76 8.6 96 109 123 140 160 745 775 806 83,7 86.7 69.6 92.9 
22 78 87 98 114 125 143 16.4 75.2 784 81.5 64.6 87,7 90.6 94.0 
23 79 89 100 143 128 146 «167 76.0 79.2 62.3 °&&865.5 88.7 91.9 95.0 
24 1, 9.0: 102. 416 430) a4e 4z0 76.7 80.0 83.2 86.4 69.6 92.9 96.4 
Weight-for-age, kg Helght-for-age, cm 
24 76.0 79.3 82.5 85.7 88,9 92,2 95.4 
25 82° -92) 08) “M7 143) wa 73 76.8 80.0 983.3 86.6 89,9 93.1 96.4 
26 84 94 105 19 135 154 17,7 77.5 808 84,4 87.4 90.8 94,1 97.4 
27 OS) (85 407 4284) “Tae: tee ABO 78.1 815 849 883 91.7 95.0 98.4 
28 86 97 109 123 140 160 183 78.8 822 85.7 289.4 92.5 96,0 99.4 
29 88 869.8 4.9 125° 14 BS NeR>  4a7 79.5 82.9 986.4 89.9 93.4 96.9 1003 
30 8.9 10.0 11.2 127 144 165 19.0 80.1 83.6 87,1 90,7 94,2 97,7 101.3 
31 9.0 10.1 114.4 129 147. 168 19.3 80.7 843 87.9 91.4 95.0 98.6 102.2 
32 91 10.3 W446 913.1 | TBE IES Te) 813 849 886 9292 95.6 99.4 103.1 
33 93 10.4 1.7 1339 918482478" 226.0 81.9 856 693 929 96.6 100.3 103.9 
34 9.4 10.5 11.9 135 154 17.6 203 825 66.2 69.9 936 97.4 1011 104.4% 
35 9.5 10.7 120 13.7 156 17.9 206 83.1 86.8 90.6 94.4 98.1 1019 1086 
36 9.6 10.8 122 13.9 158 18141 209 83.6 87.4 91.2 95.4 98.9 102.7 106% 
37 9.7 10.9 124 140 160 184 21,3 84.2 88.0 91.9 95.7 99.6 103.4 1073 
38 98 11.1 125 142 163 187 21.6 64.7 6 88.8 92.5 96.4 100,53 «104.9 106.1 
39 20: M2 AF A AG.) ABO BAO!) BBS Go” wt gra done. “aeoe. oot 
40 Dt) WS, ARB TAG. 167 103) 229: OBB 808.) eae. ppm top> roe 128 
41 eae a eG aU 
42 pos AS 81 ABO ATS: “188: 29.0] 888 000 686.0 1980 doay tees 114.2 
43 ER, TES TEE NBR MEAS BON BEA] | OTA OLS: OBR. Wer Aga, Stores, aioe 
44 OER: 58! FBS RG BON BEY) 878 B20) eBe tons: 4oge) teu 112.7 
45 106 120 196 (155 178 207 241 | 884 925 967 1009 oes 1003 4438 
46 10.7 121 13.7 15.7 181 209 245 88.9 93.4 97.39 101.5 4105.8 110.0 144.2 
47 108 122 139 159 183 21.2 248 89.3 936 979 102141 4064 110.7 114.9 
48 10.9 12.3 14.0 16.1 18.5 21.5 252 89.8 94.1 98.4 102.7 107.0 114.3 115.7 
49 10 124 142 163° 188 216 255] 903 948 980 094° Wyre 1120. 4464 
50 11.1 126 143 164 #190 2214 259 90.7 95.1 99.5 1039 10859 44 27 17.4 
51 11.2 127 £145 166 192 224 263 91.2 95.6 100.1 104.6 ion 9 13.3 117.7 
52 11.3 12.8 146 168 194 226 26.6 91.7 96.1 100.6 105.9 109.6 114, 1 18.4 
53 114 12.9 14.8 17.0 19.7 22.9 27.0 92.1 96.6 101.1 105.6 140.4 ae 119.1 
54 15 130 149 172 199 23.2 9274 926 697.1 (101.6 106.2 1407 4 = 1196 
55 16046132 181 17.3 20.1 235 27,7 93.0 976 1022 106.7 4445 4 89 420.4 
56 1.7 133 152 175 203 238 °& 284 924 86.1 102.7 107.3 444.9 dam 4091 
57 11.8 13.4 15.3 17.7 20.6 24.1 28.5 93.9 98.5 103.2 107.6 112. 117.1 {71 r 
58 in «(135 155 17.9 20.8 24.4 288 | 94.3 «99.0 103.7 1004 44510 117.7 122A 
59 12.0 136 156 180 21.0 246 29.2 94.7 995 1042 108,59 449 , 
36 81183 123.1 
60 12.1 13.7 158 182 212 249 295 95.2 988 1047 1094 1149 4489 ©1937 
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Table 2.5: Weight-for-age and longth/halght-for-age In boys 0-5 years of age 





WHO: MGRS 


Months Weight-for-age, kg Longth-for-aga, cm 
“ISD -2SD -1SD Median 1SD 25D 35D -3SD -2S5D -1SD Median 18D 2SD 3SD 

0 2.1 2.5 2.9 3.3 3.9 4.4 5.0 44.2 46,1 48.0 49.9 51.8 53.7 55.6 

: 29 34 3.9 4.5 5.1 5.8 6.6 48.9 60.8 52.8 54.7 56.7 58.6 60.6 | 

p) 38 43 4.9 5.6 6.3 7.1 8.0 52.4 654.4 56.4 58,4 60.4 62.4 64.4 

3 44 50 5.7 6.4 7.2 8.0 9.0 55.3 657.3 59.4 61.4 63.5 65.5 67.6 : 
4 49 56 6.2 7.0 7.8 8.7 9.7 67.6 59.7 61.8 63,9 66.0 63.0 70.1 

5 5.3 6.0 6.7 7.5 8.4 939 10.4 59.6 61.7 63.8 65.9 68.0 70.1 72.2 | 
6 5.7 6.4 7.1 7.9 8.8 98 10.9 61.2 63.3 65.5 67.6 69.8 71.9 74.0 
7 59 67 7.4 8.3 92 10.3 14.4 62.7 64.8 67.0 69.2 71.3 73.5 75.7 
8 62° 695 7.7 8.6 96 10.7 11.9 64.0 66.2 68.4 70.6 72.8 75.0 77.2 | 
9 64. 4 8.0 8.9 99 110 123 65.2 67.5 69.7 72.0 74.2 76.5 78.7 | 
10 66° Ta 8.2 92 {02 144. 12:7 66.4 68.7 71.0 73.3 75.6 77.9 80.1 | 
11 6.8 7.6 8.4 9.4 10.5 11.7 13.0 67.6 69,9 72.2 74.5 76.9 79.2 81.5 | 
12 6.9 7.7 8.6 96 108 120 133 68.6 71.0 73.4 75.7 78.1 80.5 82.9 
13 7.1 7.9 8.8 99 1110 123 13:7 69.6 72.1 74.5 76.9 79.3 81.8 84.2 
14 72° "63 90 101 13 126 14.0 70.6 734 75.6 78.0 80.5 83.0 85.5 
15 74. B83 92 103 115 128 143 71.6 74,1 76.6 79.1 81.7 84.2 86.7 
16 7.5 8.4 94 105 11.7 131 146 72.5 75.0 77.6 80.2 82.8 85.4 88.0 
17 7.7 86 96 10.7 120 134 149 73.3 76.0 78.6 81.2 83.9 86.5 89.2 
18 7.8 88 98 109 122 197 153 74.2 769 79.6 82.3 85.0 87.7 90.4 
19 8.0 89 10.0 114 #125 139 156 75.0 77.7 80.5 83.2 86.0 88.8 91.5 
20 8.1 9.1 10.1 W127 6142 459 75.8 78.6 81.4 84.2 87.0 89.8 92.6 
21 82 92 103 15 129 145 £49162 76.5 79.4 82.3 85.1 88.0 90.9 93.8 
92 8.4 94 105 118 132 147 4165 77.2 80.2 83.1 86.0 89.0 91.9 94.9 
23 85 95 10.7 120 134 15.0 168 78.0 81.0 83.9 86.9 89.9 92.9 95.9 
24 86 9.7 108 122 136 153 174 78.7 = 81.7 84.8 87.8 90.9 93.9 97.0 

Weight-for-age, kg Height-for-age, cm 
24 78.0 81.0 84,1 87.1 90.2 93,2 96.3 
25 8.8 9.8 110 124 189 155 175 78.6 81,7 84.9 88.0 91.1 94.2 97.3 
26 8.9 10.0 114.2 #125 14.1 158 +178 79.3 825 85.6 88.8 92.0 95.2 98.3 
27 9.0 10.1 WS: 42:7 44a te ta 79.9 83.1 86.4 89.6 92.9 96.1 99.3 
28 9.14 10.2 15 129 145 163 £184 80.5 83.8 87.1 90.4 93.7 97.0 100.3 
29 9.2 10.4 1.7 137 148 166 © 187 B1.1 84.5 87.8 91.2 94.5 97.9 101.2 
30 9.4 10.5 118 133 150 169 #£119:0 81.7 85.1 88.5 91.9 95.3 98.7 102.1 
31 9.5 10.7 120 135 152 174 «1193 82.3 85.7 89.2 92.7 96.1 99.6 103.0 
32 9.6 10.8 12.1 13.7 154 17.4 196 82.8 86.4 89.9 93.4 96.9 100.4 103.9 
33 9.7 10.9 123 138 156 176 199 83.4 986.9 90.5 94.1 97.6 101.2 104.8 
34 98 11.0 124 140 158 17.8 202 83.9 87.5 91.1 94.8 98.4 102.0 105.6 
35 99 11.2 126 142 16.0 181 204 84.4 88.1 91.8 95.4 99.1 102.7 106.4 
36 10.0 114.3 127 143 162 183 207 85.0 88.7 92.4 96.1 998 103.5 107.2 
37 10.1 11.4 129 145 164 186 21.0 85.5 89.2 93.0 96.7 1005 104.2 1080 
38 10:2" “t15 13.0 14.7 16.6 18.8 21.3 86.0 89.8 93.6 97.4 101.2 105.0 108.8 
39 10.3 11.6 13.1 14.8 168 190 21.6 86.5 90,3 94.2 98.0 101.8 105.7 1095 
40 10.4 11.8 133 15.0 17.0 19.3 21.9 87.0 90.9 94.7 986 1025 1064 1103 
4] 10.5 11.9 1394 182 #72. Aon -pa4 87.5 91.4 95.3 99.2 103.2 107.1 11129 
42 10.6 12.0 13.6 153 8 17.4'' 19:7 ,224 88.0 91.9 95.9 999 103.8 107.8 111.7 
43 10:7" “12,4 137° FES 9 A178 | 2000) 207 88.4 92.4 964 1004 1045 1085 1125 
44 10.8 12.2 13.8 15.7 17.8 . 202 . 230 88.9 93.0 97.0 101.0 105.1 109.1 1132 
45 10.9 12.4 14.0 158 18.0 205 233 89.4 93.5 97.5 101.6 105.7 109.8 1139 
46 11.0 12.5 4.1 180: 182 (BOR) ORB 89.8 94.0 98.1 1022 1063 1104 1146 
47 11.1 12.6 143 162 184 209 239 90.3 944 986 1028 106.9 1114 1152 
48 1.2 12.7 144 163 186 21.2 242 90.7 94.9 99.4 1033 1075 1117 1159 
49 11.3 12.8 145 165 188 214 245 912 954 99.7 1039 1081 1124 1166 
30 11.4 12.9 14.7 16.7 19.0 21.7 248 916 95.9 1002 1044 1087 1130 11723 
31 11.5 13.1 14.8 168 19.2 21.9 254 92.1 96.4 100.7 1050 1093 1136 1179 
92 11.6 19.2 150: ‘170 104 222 of4 925 96.9 101.2 1056 1099 1142 4186 
53 11.7 13.3 151. 7.2 -19'6 224. 954% 93.0 97.4 101.7 106.1 1105 1149 1192 
54 1.8 13.4 15.2 17.3 19.8 227 260 93.4 978 1023 106.7 1114 +1155 1199 
55 1.9 13.5 15.4 17.5 200 229 263 93.9 983 1028 107.2 111.7 1161 1206 
- 120 136 155 17.7 202 232 266 943 988 1033 1078 1123 1167 1212 
a 124, 447 156 178 204 234 269 94.7 993 1038 1083 1128 1174 #1219 | 
12.2 13.8 15.8 180 206 23.7 270 95.2 99.7 1043 1089 1134 1180 1226 
sO C128 14.0 159 182 208 239 276 95.6 100.2 1048 1094 1140 1186 1232. 
124 144 16.0 183 21.0 242 279 96.1 100.7 1053 1100 1146 1192 123.9 
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Table 2.6A: Weight-for-length/height (kg) in girls and boys 0-5 years of age 





Weight (kg) Girls Length Weight (kg) Boys 
35D -2SD -1SD Median 15D 28D 38D (cm) -3SD -2SD -1SD Median 1SD 28D 36gp 
1.9 24 23 2.5 2.7 3.0 33 1450 1.9 2.0 2.2 2.4 2.7 3.0 3.3 
20, 2 94. 08 Se Sf =A Tabs 8, on ~23 2.5 ap $1 34 
2.0 2.2 2.4 26 2.9 3.2 35 46.0 2.0 2.2 2.4 2.6 as os 3.5 
Hi" 2S, SDR gg aa 33 36 465 21 #23 «25 2.7 3.0 32 36 
23 24 Be a8 oa 94° B37 /470 24 @3° 25 2.8 3.0 330 37 
22) 84 26 o9. 49 35 38 475 22 24 «426 2.9 3.1 34 = 3.8 
2,3 2.5 27 3.0 3.3 3.6 40 480 23 2.5 2.7 2.9 ge =e 3.9 
24 86 28 g4° -a4 37 4i ‘aes of (‘36 28 3.0 3.3 eee 180 
ze 2.6 2.9 3,2 3.5 38 42 490 24 26 2.9 3.1 3.4 38 8 4.2 
25 27 30 33 £36 30 « 43) 405 25 127 30 3.2 3.5 39 = 43 
3.1 34 37 40 45 500 26 #28 °&30 3.3 3.6 400 44 
27) B95) ‘32° ae ae 42 46 505 27 4229 431 3.4 3.8 41 45 
2.8 3.0 3.3 3.6 3.9 4.3 48 51.0 27 3.0 3.2 3.5 3.9 4.2 4.7 
2.8 3.1 3.4 3.7 4.0 4.4 49 51.5 28 3.1 3.3 3.6 4.0 4.4 4.8 
2.9 3.2 3.5 3.8 4.2 4.6 51 520 29 3.2 3.5 3.8 4.1 4.5 5.0 
3.0 3.3 3.6 3.9 4.3 4.7 52 525 3.0 3.3 3.6 3.9 4.2 4.6 5.1 
3.1 3.4 3.7 4.0 4.4 4.9 54 53.0 3.1 3.4 a7 4.0 4.4 4.8 5.3 
3.2 3.5 3.8 4.2 4.6 $0 +55. 345 332. -35 3.8 4.1 4.5 49 54 
3.3 3.6 3.9 4.3 4.7 5.2 57 540 33 3.6 3.9 4.3 4.7 5.1 5.6 
3.4 a7) “aa 4.4 4.8 53 59 545 34 °37 4.0 4.4 4.8 53 58 
3.5 3.8 4,2 4.5 5.0 5.5 6.1 550 36 38 4.2 4.5 5.0 5.4 6.0 
3.6 3.9 4.3 4.7 5.4 67: (88: 355 “S7- #o 4's 4.7 5.1 5.6 6.1 
3.7 4.0 4.4 4.8 5.3 5.8 64 560 38 44 4.4 4.8 5.3 58 63 
3.8 4.4 4.5 5.0 5.4 6.0 66 565 39 42 £446 5.0 5.4 59 65 
3.9 4.3 4.6 5.4 5.6 6.1 66 B70 40 “4s 47 5.1 5.6 6.1 6.7 
4.0 4.4 4.8 5.2 5.7 Ba) ere.) (3787 a 45. | 9 5.3 5.7 63 6 
44 4.5 4.9 5.4 5.9 65 71 580 43 £4446 5.0 5.4 5.9 6.4 so 
4.2 4.6 5.0 5.5 6.0 56, 73) SBS. “24 49 5.1 5.6 6.1 6.6 
43 47 5.1 5.6 6.2 6.8 75 590 45 # £48 5.3 5.7 6.2 6.8 “y 
Go $F?) Bs 26° Be 5.4 5.9 6.4 7. 
45 49 5.4 5.9 6.4 74 78 60.0 mr) Noe 
46 50 55 60 £66 73. 80 605 Hf ae Ze ae ae rai) fae 
47 5.4 56 «6.4 6.7 74 82 610 49 #53 °&«2«458 6.3 “us ans ee 
4.8 5.2 57 6.3 6.9 7.6 #84 -8t5 580 584 5.9 6.4 ia mie ae 
4.9 5.3 5.8 6.4 7.0 7.7 85 620 5.1 5.6 6.0 6.5 sh ie ae 
5.0 5.4 5.9 6.5 74 7.8 87 625 52 5.7 6.1 6.7 a cis a 
54 5.5 6.0 6.6 7.3 8.0 88 630 53 5.8 6.2 6.8 Ss oo ee 
5.2 5.6 6.2 6.7 7.4 8.1 90 635 5.4 5.9 6.4 6.9 fps ae 
5.3 5.7 6.3 6.9 7.5 8.3 91 640 55 6.0 6.5 7.0 ys Ap ap 
5.4 5.8 6.4 7.0 7.6 84 93 645 56 £464 6.6 74 :< eh wee 
55: «SS 88 7. 7.8 86 95 650 57 62 &«67 7.3 iy ita can 
55 6.0 66 72 79 87 O86 655 58 «63 6.8 7.4 oe ans 
5.6 6.1 6.7 7.3 8.0 8.8 98 660 539 6.4 6.9 7 ye ae oe 
5.7 6.2 6.8 7.4 8.1 90 99 665 60 65 #79 ae as a ee 
5.8 6.3 6.9 75 8.3 91 100 67.0 61 66 73 “ ee = 
5.9 6.4 7.0 7.6 8.4 92 102 675 62 87 7.2 8 oe ae Oe 
6.0 6.5 7.1 7.7 8.5 94 103 680 63 °#&£468 7.3 ip oe a eres 
6.1 6.6 7.2 79 86 95 105 685 64 69 £475 8 so oe Pee 
6.1 6.7 7.3 8.0 87 96 106 690 65 70 #476 ae 3 aS. te 
6.2 6.8 7.4 8.1 8.8 9.7 10.7 69.5 6.6 aed 7.7 ge ae ae 
6.3 6.9 7.6 8.2 9.0 99 109 700 66 72 £978 a Spe oo! eee 
ee. UBS 7.6 83 91 100 110 705 67 79 «279 85 ae. tee * nee 
6.5 7.0 7.7 B4 92" fot 4H (PEO, «Se: “74° « o5 g ao. WOR gt 
65 7.1 47) (8S. SB ACD ANS) (74S E- “Fe. cas <i ae = We 118 
66 Fo Ta 26 94 103 14 720 70 £76 go aa oe AOR, The 
67 73 79 8.7 95 105 15 725 71 76 83 90 A 
68 74 80 88 986 106 117 4730 72 77 64 94 nc ee 
6s Fs Ba 8.9 O7) O77? “WE “wee 72 ge can 5 oe. ‘W08), e 
69 75 £82 90 98 108 U9 740 73 #79 #26 e Be ae HOME ot SEES 
7.0 7.6 8.3 9.1 9.9 10.9 12.0 74.5 7.4 8.0 8.7 94 sO ie a 
7.4 i?) 668406 Sa AOm)60s to: -aee’ 750 “FeO cee 8.8 oe. ce wee wee 
7.1 7.8 8.5 9.2 10.1 11.1 12.3 75.5 7.6 8.2 8.8 96 be pase ies 
7.2 7.8 8.5 9.3 10.2 11.2 12.4 76.0 7.6 8.3 8.9 9.7 re Us ie 
z3 7.9 8.6 94 103 114 125 765° 77 483 90 98 ote ite ne 
0 8.7 95 10.4 1.5 126 |770 7.8 84 9.1 99 108 1.7 128 
. = Contd. 


Growth | 23 [ 


Table 2.6A: Weight-for-length/height (kg) in girls and boys 0-5 years of age (Contd.) 
Length Weight (kg) Girls Length Weight (kg) Boys 
(cm) -3SD -2SD -1SD Median 1SD 28D 3SD (cm) -3SD -2SD -1SD Median 18D 2SD 38D 


775 7.4 8.4 8.8 96 10.5 146° 128 776: 7B 8.5 9.2 10.0 10.9 11.9 13.0 
730 675. @€2° Be 9.7 10.6 NT 129 ‘7eo “Hs 8.6 9,3 10.1 11.0 12.0 13.1 
785 76 82 9. 98 10.7 118 130 785 8.0 8.7 9,4 10.2 11.1 {2:1 132 | 
790 77 .83 94 99 10.8 "WG. 434 .7e0) “8 8.7 9,5 10.3 11.2 122 «13.3 
7995 7.7 84 94 #41100 £109 12.0 133 795 62 8.8 9.5 10.4 11.3 123° 13.4 j 
800 78 85 92 101 °&141.0 2A, «394 ‘see ee 8.9 9.6 10.4 11.4 12.4 13.6 | 
805 79 86 93 102 °&11.2 123 135 805 83 9.0 9,7 10.5 11.5 125 13.7 | 
810 80 87 94 103 £4113 124 13.7 81.0 £84 9.1 9.8 10.6 11.6 126 13.8 
B15 681 88 B85 104 4144 125 138 815 £85 9.4 9.9 10.7 11.7 12.7 13.9 
82.0 81 88 96 105 115 126 139 820 85 92 10.0 10.8 11.8 12.8 14.0 
6825 82 89 97 #41106 £116 128 141 825 86 93 10.1 10.9 11.9 130 143 
830 83 90 98 107 £49118 129 142 83.0 87 94 10.2 11.0 12.0 13.1 143 
835 84 94 99 109 11.9 13.1 144 835 £88 95 10.3 11.2 12.1 13.2 14.4 
840 85 92 101 110 12.0 13.2 145 840 89 96 10.4 11.3 12.2 13.3 146 | 
845 86 93 102 4441 &«49121 i939. 47 845) <50 97 10.5 11.4 12.4 13.5 14.7 
850 87 94 103 112 123 13.5 149 850 9.1 98 10.6 11.5 12.5 136 14.9 | 
855 88 95 104 113 £1124 136 150 855 92 99 10.7 11.6 12.6 13.7 15.0 | 
86.0 89 9.7 105 15 £126 13.8 152 860 93 100 108 11.7 12.8 13.9 15.2 | 
665 90 98 106 16 £127 13.9 154 865 94 «1101 11.0 11.9 12.9 140 15.3 | 
870 91 99 10.7 WZ 128 141 155 87.0 95 102 £114 12.0 13.0 14.2 15.5 | 
875 92 100 109 18 13.0 142 15.7 875 96 104 £2112 12.1 13.2 14.3 15.6 
88.0 93 101 110 120 £131 144 159 88.0 97 105 #11. 12.2 13.3 145 15.8 
885 94 102 14 #121 £132 145 160 885 98 106 11.4 12.4 13.4 14.6 15.9 
890 95 103 12 122 13.4 147 162 89.0 9.9 10.7 £115 12.5 13.5 14.7 16.1 
895 96 104 113 123 135 148 164 895 100 108 116 12.6 13.7 149 16.2 
900 9.7 105 114 125 137 150 165 900 101 109 118 12.7 13.8 15 16.4 — 
905 98 106 115 126 13.8 151 167 905 102 11 11.9 12.8 13.9 15:1 ©6165. ! 
01.0 99 10.7 117 12.7 139 153 169 910 103 14 #120 13.0 14.1 15.3 16.7. 
915 100 108 118 128 14. 155 170 915 104 112 12.1 13.1 14.2 15.4 16.8 
92.0 10.1 109 119 130 142 156 172 920 105 13 £49122 13.2 14,3 15.6 17.0 
o2.5.- 16:1) 33.0) 320 Nat: “4S 158 174 925 106 14 123 13.3 14.4 15.7 17.1 
93:0 102 114% i241 182 WH 159 175 930 107 115 £124 13.4 14.6 15.8 17.3 
09.5: 10.4 $412 422 183 146 16.1 17.7 935 107 4116 125 13.5 14.7 16.0 17.4 
94.0 104 113 123 135 147 162 179 940 108 11.7 12.6 13.7 14.8 16.1 17.6 
945 105 1114 124 136 149 164 180 945 109 118 12.7 13.8 14.9 16.3 17.7 
95.0 10.6 115 126 13.7 &# 15.0 165 182 950 110 119 12.8 13.9 15.1 16.4 17,9 
955 10.7 116 127 138 15.2 16.7 184 955 1141 «12 12.9 14.0 15.2 16.5 18.0 
96.0 10.8 11.7 128 14.0 15.3 168. (86 960 192 429 43:1 14.1 15.3 16.7 18.2 
96.5 109 118 129 141 15.4 17.0 187 965 113. 122 132 14.3 15.5 16.8 18.4 
97.0 110 120 130 142 15.6 17.1 189 970 114 123 13.3 14.4 15.6 17.0 18.5 
975° 144 124 8A - 144 «15:7 i739 $191 O75 WS 24 13:4 14.5 15.7 Tai ABT 
98.0 112 122 133 145 15.9 17.5 193 98.0 116 125 13.5 14.6 15.9 17.3 18.9 
985 113 123 134 146 16.0 176 195 985 117 126 136 14.8 16.0 17.5 19.1 
990 114 124 135 148 16.2 178 196 990 118 127 13.7 14.9 16.2 176 19.2 
995 115 125 136 149 163 18.0 198 995 9 128 13.9 15.0 16.3 17.8 19.4 
100.0 116 12.6 137 4.15.0 165 18.1 200 1000 120 129 140 15.2 16.5 18.0 19.6 
100.5 117 #127 139 41132 16.6 18.3 20.2 1005 121 13 14.1 15.3 16.6 18.1 19.8 
101.0 118 128 140 153 168 185 204 1010 122 132 142 15.4 16.8 18.3 20.0 
101.5 11.9 130 141 155 17.0 18.7 206 1015 123 133 144 15.6 16.9 18.5 20.2 
1020 120 131 143 156 ~~ 17.1 189 208 1020 124 134 145 15.7 17.1 18.7 20.4 
1025 121 132 144 158 17.3 190 21.0 1025 125 135 146 15.9 17.3 18.8 20.6 
103.0 123 133 145 159 17.5 192 213 1030 126 136 148 16.0 17.4 19.0 208 
103.5 124 135 147 «©9161 17.6 194 215 1085 127 137 149 16.2 17.6 19.2 21.0 
104.0 125 136 148 162 17.8 19.6 21.7 1040 128 139 15.0 16.3 17.8 19.4 21.2 
1045 126 13.7 15.0 164 18.0 19.8 21.9 1045 129 140 15.2 16.5 17.9 19.6 21.5 
1050 127 138 151 165 182 200 222 105.0 130 141 15.3 16.6 18.1 19.8 21,7 | 
10655 128 140 153 167 184 202 224 1055 132 142 15.4 16.8 18.3 20.0 21.9 
106.0 13.0 14.1 154 169 185 20.5 226 106.0 133 144 156 16.9 18.5 20.2 22.1 
1065 13.1 143 156 17.1 187 207 229 1065 134 145 15.7 17.1 18.6 20.4 224 
4070 132 144 15.7 17.2 189 209 231 1070 135 146 15.9 17.3 18.8 20.6 22.6 
1075 133 145 159 174 19.1 21.1 234 1075 136 14.7 16.0 17.4 19.0 208 228 
108.0 135 14.7 160 176 #193 213 236 1080 137 149 162 17.6 19.2 $4.0 °2357 
108.55 13.6 148 162 178 19.5 216 239 1085 138 150 163 17.8 19.4 21.2 23.3 
1090 13.7 15.0 164 180 19.7 218 #242 1090 140 15.1 £165 17.9 196 21.4 23.6 | 
109.5 139 15.1 165 181 200 220 244 1095 141 4.1153 166 18.1 19.8 21.7 23.8 | 
14100 44.0 153 16.7 183 202 223 247 1100 ‘142 15:4 168 18.3 20.0 21.9 24.1 | 


| 
WHO; MGRS 





SS 


a 
Essential Pediatrics 


0-5 years of age 


Table 2.6B: Wei nd boys 
: Weight-for-height/length (kg) in girls 4 y 
Weight (kg) Boys 





a = | nee 
SD -2SD -1SD Medi Height 
65.0 56 3 ediaan 1SD 2SD 3 . 
BEE BF a 6.6 79 25 ee SD | (cm) -3SD ~2 sp -1SD Median 15D 28D 
66.5 58 fs 7.5 8.2 9.0 mk | 65.5 6.0 6.4 7.0 7.6 8.2 89 9.6 
67.0 59 64 7.0 76-83 tt. an es a 8.3 ees 
67.5 6.0 65 7.7 8.4 58 1 | 66.5 6.1 6.6 7.2 7.8 8.5 90 9.9 
68.0 61 6 717.8 BS 5.) sane Nua. Hen GS VOR. ee <4 
6 7.2 9.4 10.4 67 ; : 9.4 
68.5 6.2 rf: | 5 63 68 74 8.0 10.2 
6.7 7.3 95 10.5 : 8.7 9.5 
69.0 6.3 8.0 868.8 5 | 68 64 69 7.5 8.1 10.4 
6.8 7.4 9.7 10.7 : . 8.8 9.6 
69.5 6.3 6.9 7.5 A 8.9 98 108 se se che 7.6 8.2 9.0 105 
70.0 6.4 7.0 8.2 9.0 69 6.6 1 7.7 9.8 107 
70.5 : 7.6 8.3 99 10.9 69.5 ae a 9.9 
vn Tr eS ee aa "seca. Cae. Uae. 67 «2. TT 8.5 ao HOD 10.8 
066 7:1 92 | 68 7.3 1 
0.1 ; 7.9 8.6 1.0 
715 67 78 8.5 11.2 70.5 93 10.2 
; te 93 10.3 5 69 74 80 8.7 ey Naha 
72.0 6.7 9 B86 Bg ORG he) | | 95 103 1, 
. 7.3 8 0 9.4 10.4 6.9 7.5 §.1 . 11,3 
ei G8. 7a 8 87 6 9510.5 oF 718 ‘70 “7:6' ‘8,2 ¥ eae i: ea 
3.0 6.9 75 8.4 8.8 9.7 10.6 72 V4 a7 3.3 9.7 10.6 11.6 
725 70 76 82 89 98 107 17725 «272 «78~StC«iA 8.0 98 107 417 
74. : 11.8 9.1 
740 70 78 8a 90 99 108 120 7s 73-78 858 99 108 118 
AES RR, Be 1 100 11.0 121 5 tHe 7s ‘B86 | aoe een Ti 
75.0 7.2 7.8 9.2 10.1 11 sch 74 7.4 8 . 9.3 10.2 11 20 
755.72 7. 85 93 102 1 122 745 75 0 87 42°94 °&103 ay nee 
76 9 86 ; 1.2 123 B.1 8.8 11.2 42 
0 73 80 94 10.3 3 75 7.6 3 95 10.4 : 
76 ‘ 8.7 : 11.3 12.5 : 8.2 8.9 ; 11.3 
5 74 8 95 104 SBR | 7 96 10 12.4 
77.0 7.5 0 8.7 9.6 10.5 Ma 428- 76 a 9.0 9.7 : 1.40 12.5 
eta te, Ge. oe OS: 1) ae: Te oe Be a 
78.0 7.6 = 8.9 9.7 10.7 ree ASS | he sip 9.2 9.9 Aes 1.7 12.8 
ance a3' Bh ge - 46% 1.7 129 «775 9 85 92 40, 108 118 129 
79.0 Bair BAY Oo ae: u akin 4 ah eno 80 86 93 0 09 119 143 
0 78 84 °&92 10.9 120 43 8 80 3087 10.1 44.6 13.0 
795 78 85 10.0 10 42 2 785 84 94 102 : 12.0 13.1 
80.0 93 104 A 133-4 7 88 4g 11.1 
7.9 8.6 11.1 12 4 8.2 - 10.3 seek te 
80.5 8 : 94 10.2 2 494 | .79 : 88 6g 11.2 | 
OBA Be! -o 3) ia! ae : 8.3 | te 89 : 12.3 13.5 
81.5 8.2 96 104 1 4 13.7 | 80 9.0 9 o 11.4 
2 89 14 126 805° 84 7 10 12.4 13.6 
82.0 83 97 106 1 13.9 | Bf 9.1 6 11.5 
9.0 16 127 8.5 98 10 12.6 137 
82.5 8.4 a8 10.7 4 14.0 | B4 9.2 7 116 ; 
9.1 1.7 12.8 5 8.6 9.9 1 12.7 13.8 
83.0 8.5 9.9 10.8 14.1 | 82 93 4 os 11,7 
. 92 10 11.8 = 13.0 : 8.7 0.0 : ; 12.8 14.0 
83.5 8.5 0 10.9 : 14.3 | g2 9.3 0.9 11 
84.0 86 10.1 11.0 145 83 9.4 11.0 , 14.1 
94 10.2 12.1 13.3 8.8 ea ig 
= 87 95 103 ‘a 12.2 13.4 ae See) « aS ie 10.3 ih is Ld a4 
O 8.8 96 ; 12.3 , B4 : 10 : 12 ? ; 
3.5 9.0 4 2 133 
85.5 8.9 10.4 11.4 149 8 9.7 11.3 ; 14.5 
o7 4 12.5 13.7 45 9.4 10.5 12.3 
86. 06 1. 15.1 11. 13.4 146 
0 9.0 9.8 10 1.5 12.6 13.8 | 85 9.2 a9 10.7 i 12.4 
86.5 9.1 Z MeL 42 153 85 10.0 11.5 13.5 14.8 
99 10. zi 14.0 85 93 10.8 12.5 
87.0 9.2 8B 11.8 15.4 8 10.4 11.7 13.7 149 
10.0 10 8 129 142 S 9.4 10.9 ; 12.7 
87.5 93 9 19 130 156 86.5 10.2 11.8 13.8 15.1 
3 101 11.0 0 143 5 95 11.0 12.8 
88.0 9.4 120 13 15.8 87 10.3 11.9 13.9 15.2 
A 102 414 2 14.5 9.6 ee ; 12.9 
88.5 9.5 121 133 15.9 | 87.5 10.4 12.0 14.4 15.4 
895 97 104 114 12.4 ae i) IGS» 88 98 10.6 "3 123 soe 1d 15,7 
9 10.5 11.5 6 14.9 5 9.9 11.5 13,3 7 
00 98 | 125 137 16.4 | 89 10.7 12,4 14.5. 158 
sn 06 116 Oe 10.0 11.6 13.5 
5.99. 109 126 138 6.6 895 . 10.8 12.5 14.7 16.0 
SEE I Ca A Bae ee: OR Te pee, ee CASE BS 
915 0.9 118 0 154 169 | 10.2 11.8 13.7 
101 44 129 144 9 | 905 11.0 12.8 14.9 16.3 
“+= O 119 seem | asm Woah oy cee 11.9 , 13.9 
13.0 1 | 91 11.1 12 : 15.1 6.4 
14.3 15.7 17 10.4 : 12.0 $: 14.0 ks 
3/915 405 113+ 454, eee 15.2 166 
mam UE 13, 41 159 16.7 
12 1 
= - =~ ay 2 1 14.2 1 
SasS.2 5.5 16.9 
15.6 17.0 | 


—— 
=. 
~~, 


14.4 


ee, 


Contd 


Height 
(cm 
92.0 
92,5 
93.0 
93.5 
94.0 
94.5 
95.0 
95.5 
96.0 
96.5 
97.0 
97.5 
98.0 
98.5 
99.0 
99.5 
100.0 
100.5 
101.0: 
101.5. 
102.0 
102.5. 
103.0. 
103.5 
104.0 
104.5 
105.0 
105.5 
106.0 
106.5. 
107.0 
107.5 
108.0 
108.5 
109.0. 
109.5 
110.0. 
110.5 
111.0 
111.5" 
112.0 
112.5, 
113.0 
113.5 
114.0 
114.5 
115.0 
115.5 
116.0 
116.5 
117.0 
117.5 
118.0 
118.5 
119.0 
119.5 
-120.0° 


-3 SD 


10.2 
10.3 
10.4 
10.5 
10.6 
10.7 
10.8 
10.8 
10.9 
11.0 
11.1 

11.2 
11.3 
11.4 
11,5 
11.6 
11.7 
11.9 
12.0 
12.1 

12.2 
12.3 
12.4 
12.5 
12.6 
12.8 
12.9 
13.0 
13.1 

13.3 
13.4 
13.5 
13.7 
13.8 
13.9 
14.1 

14.2 
14.4 
14.5 
14.7 
14.8 
15.0 
15.1 

15.3 
15.4 
15.6 
15.7 
15.9 
16.0 
16.2 
16.3 
16.5 
16.6 
16.8 
16.9 
17.1 
17.3 


Growth 


Table 2.6B: Welght-for-haight/iength (kg) In girls and boys 0-5 years of age (Contd.) 
Welght (kg) Girls 


~2 SD 


11.1 
11.2 
11.3 
11.4 
11.5 
11.6 
11.7 
11.8 
11.9 
12.0 
12.1 
12,2 
12.3 
12.4 
12.5 
12.7 
12.8 
12.9 
13.0 
13.1 
13.3 
13.4 
13.5 
13.6 
13.8 
13.9 
14.0 
14.2 
14.3 
14.5 
14.6 
14.7 
14.9 
15.0 
15.2 
15.4 
15.5 
15.7 
15.8 
16.0 
16.2 
16.3 
16.5 
16.7 
16.8 
17.0 
THz 
17.3 
17.5 
VAT 
17.8 
18.0 
18.2 
18.4 
18.5 
18.7 ~ 
18.9 


-1SD Medlan 
12.0 13.1 
12,1 13.3 
12,3 13,4 
12.4 13,5 
12.5 13.6 
12.6 13.8 
12.7 13.9 
12.8 14.0 
12.9 14.1 
13.1 14.3 
13.2 14.4 
13.3 14.5 
13.4 14.7 
13.5 14.8 
13.7 14.9 
13.8 15.1 
13.9 15.2 
14.1 15.4 
14.2 15.5 
14.3 15.7 
14.5 15.8 
14.6 16.0 
14.7 16.1 
14.9 16.3 
15.0 16.4 
15.2 16.6 
15.3 16.8 
15.5 16.9 
15.6 17.1 
15.8 17.3 
15.9 17,5 
16.1 17.7 
16.3 17.8 
16.4 18.0 
16.6 18.2 
16.8 18.4 
17.0 18.6 
17.1 18.8 
17.3 19.0 
17.5 19.2 
17.7 19.4 
17.9 19.6 
18.0 19.8 
18.2 20.0 
18.4 20.2 
18.6 20.5 
18.8 20.7 
19.0 20.9 
19.2 21.1 
19.4 21.3 
19.6 21.5 
19.8 21.7 
19.9 22.0 
20.1 22.2 
20.3 22.4 
20.5 22.6 
20.7 22.8 


1 SD 


14.4 

14.5 
14,7 
14.8 
14.9 
15.1 

15.2 
15.4 
15.5 
15.6 
15.8 
15.9 
16.1 

16.2 
16.4 
16.5 
16.7 
16.9 
17.0 
V2 
17.4 
17.5 
er 
17.9 
18.1 
18.2 
18.4 
18.6 
18.8 
19.0 
19.2 
19.4 
19.6 
19.8 
20.0 
20.3 
20.5 
20.7 
20.9 
21.2 
21.4 
21.6 
21.8 
22.1 
22.3 
22.6 
22.8 
23.0 
23.3 
23.5 
23.8 
24.0 
24.2 
24.5 
24.7 
25.0 
25.2 


28D 


15.8 
16.0 
16.1 

18,3 
16,4 
16.6 
16.7 
16.9 
17.0 
17.2 
17.4 
17.5 
Ef 
17.9 
18.0 
18,2 
18.4 
18.6 
18.7 
18.9 
19.1 
19.3 
19.5 
19.7 
19.9 
20.1 
20.3 
20.5 
20.8 
21.0 
21.2 
21.4 
21.7 
21.9 
22.1 
22.4 
22.6 
22.9 
23.1 
23.4 
23.6 
23.9 
24.2 
24.4 
24.7 
25.0 
25.2 
25.5 
25.8 
26.1 
26.3 
26.6 
26.9 
27.2 
27.4 
27.7 
28.0 


Helght 
38D (cm) 
17.4 92.0 
17.6 92.5 
17.8 93.0 
17.9 93.5 
18.1 94.0 
18.3 94.5 
18.5 95.0 
18.6 95.5 
18.8 96.0 
19.0 96.5 
19.2 97.0 
19.3 97.5 
19.5 98.0 
19.7 98.5 
19.9 99,0 
20.1 99.5 
20.3 100.0 
20.5 100.5 
20.7 101.0 
20.9 101.5 
21.1 102.0 
21.4 102.5 
21.6 103.0 
21.8 103.5 
22.0 104.0 
22.3 104.5 
22.5 105.0 
22.7 105.5 
23.0 106.0 
23.2 106.5 
23.5 107.0 
23.7 107.5 
24.0 108.0 
24.3 108.5 
24.5 109.0 
24.8 109.5 
25.1 | 110.0 
25.4 110.5 
25.7 111.0 
26.0 1115 
26.2 112.0 
26.5 112.5 
26.8 113.0 
27:t: ‘MISS 
27.4 114.0 
27.8 114.5 
28.1 115.0 
28.4 115.5 
28.7 116.0 
29.0 116.5 
29.3 117.0 
296 1175 
29.9 118.0 
30.3 118.5 
30.6 | 119.0 
30.9 119.5 
31.2 | 120.0 | 


————~— 


~J3J SD 


10.6 
10.7 
10.8 
10.9 
11.0 
11.1 

11.1 

11.2 
11.3 
11.4 
11.5 
11.6 
11.7 
11,8 
11.9 
12.0 
12.1 

12,2 
12.3 
12.4 
12.5 
12.6 
12.8 
12.9 
13.0 
13.1 

13.2 
13.3 
13.4 
13.5 
13.7 
13.8 
13.9 
14.0 
14.1 

14.3 
14.4 
14.5 
14.6 
14.8 
14.9 
15,0 
15.2 
15.3 
15.4 
15.6 
15.7 
15.8 
16.0 
16.1 
16.2 
16.4 
16.5 
16.7 
16.8 
16.9 
17.1 


~2 8D 


114 
11,5 
11.6 
11,7 
11.8 
11,9 
12.0 
12.1 

12,2 
12.3 
12.4 
12.5 
12.6 
12.8 
12.9 
13.0 
13,1 

13.2 
13.3 
13.4 
13.6 
13.7 
13.8 
13.9 
14.0 
14.2 
14.3 
14.4 
14.5 
14.7 
14.8 
14.9 
15.1 

15.2 
15.3 
15.5 
15.6 
15.8 
15.9 
16.0 
16.2 
16.3 
16.5 
16.6 
16.8 
16.9 
17.1 

17.2 
17.4 
17.5 
17.7 
17.9 
18.0 
18.2 
18.3 
18.5 
18.6 


-1 8D 


12.3 
12,4 
12.6 
12.7 
12.8 
12.9 
13.0 
13.1 
13.2 
13.3 
13.4 
13.6 
13.7 
13.8 
13.9 
14.0 
14.2 
14.3 
14.4 
14.5 
14.7 
14.8 
14.9 
15.4 

15.2 
15.4 

15.5 
15.6 

15.8 

15.9 

16.1 

16.2 
16.4 
16.5 
16.7 
16.8 
17.0 
17.1 

17.3 
17.5 
17.6 
17.8 
18.0 
18.1 

18.3 
18.5 
18.6 
18.8 
19.0 
19.2 
19.3 
19.5 
19.7 
19.9 
20.0 
20.2 
20.4 


Medlan 


13,4 
13.5 
13.6 
13,7 
13.8 
13.9 
14,1 
14.2 
14.3 
14.4 
14.6 
14,7 
14.8 
14.9 
15.1 
15.2 
15.4 
15.5 
15.6 
15.8 
15.9 
16.1 
16.2 
16.4 
16.5 
16.7 
16.8 
17.0 
17.2 
17.3 
17.5 
Liar 
17.8 
18.0 
18.2 
18.3 
18.5 
18.7 
18.9 
19.1 
19.2 
19.4 
19.6 
19.8 
20.0 
20.2 
20.4 
20.6 
20.8 
21.0 
21.2 
21.4 
21.6 
21.8 
22.0 
22.2 
22.4 


Welght (kg) Boys 
18D 


14,5 
14.6 
14.7 
14.9 
15.0 
15.1 
15.3 
15.4 
15.5 
15.7 
15.8 
15.9 
18.1 
16.2 
16.4 
16.5 
16.7 
16.9 
17.0 
17.2 
17.3 
17.5 
17.7 
17.8 
18.0 
18.2 
18.4 
18.5 
18.7 
18.9 
19.1 
19,3 
19.5 
19.7 
19.8 
20.0 
20.2 
20.4 
20.7 
20.9 
21.1 
21.3 
21.5 
21.7 
21.9 
22.1 
22.4 
22.6 
22.8 
23.0 
23.3 
23.5 
23.7 
23.9 
24.1 
24.4 
24.6 





28D 


15.8 
15.9 
16.0 
16,2 
16.3 
16.5 
16.6 
16.7 
16.9 
17.0 
17.2 
17.4 
17.5 
17.7 
17.9 
18.0 
18.2 
18.4 
18.5 
18.7 
18.9 
19.1 
19.3 
19.5 
19.7 
19.9 
20.1 
20.3 
20.5 
20.7 
20.9 
21.1 
21.3 
21.5 
21.8 
22,0 
22.2 
22.4 
22.7 
22.9 
23.1 
23.4 
23.6 
23.9 
24.1 
24.4 
24.6 
24.9 
25.1 
25.4 
25.6 
25.9 
26.1 
26.4 
26.6 
26.9 
27.2 


| 23 


38D 


17.2 
17.3 
17.5 
17.6 
17.8 
17,9 
18.1 
18.3 
18.4 
18.6 
18.8 
18.9 
19.1 
19.3 
19.5 
19.7 
19.9 
20.1 
20.3 
20.5 
20.7 
20.9 
21.1 
21.3 
21.6 
21.8 
22.0 
22.2 
22.5 
22.7 
22.9 
23.2 
23.4 
23,7 
23.9 
24.2 
24.4 
24.7 
25.0 
25.2 
25.5 
25.8 
26.0 
26.3 
26.6 
26.9 
27.2 
27.5 
27.8 
28.0 
28.3 
28.6 
28.9 
29.2 
29.5 
29.8 
30.1 





WHO: MGRS 


Age 
(mo) 





COOnoanrwn-oO 


-3 SD 
10,1 


11.8 
12.4 
12.7 
12.9 
13.0 
13.0 


12.9 
12.9 
12.8 
12.7 
12.6 
12.6 
12.5 
12.4 
12.4 
12.3 
12.3 
12.2 
12.2 
12.2 
12.2 
12.1 


-—3 SD 


12.4 
12.4 
12.3 
12.3 
12.3 
12.3 
12.3 
12,2 
12.2 


12.2 
12.1 

12.1 

12.1 

12.1 

12.0 
12.0 
12.0 
12.0 
11.9 
11.9 
11.9 
11.9 
11.8 
11.8 
11.8 
11.8 
11.8 
11.7 
TH 
13.2 
11.7 
11.7 
11.7 
11.7 
11.6 


-2 SD 


734 

12.0 
13.0 
13.6 
13.9 
14.1 
14.1 
14.2 
14.1 
14,1 
14.0 
13.9 
13.8 
13.7 


13.5 
13.5 
13.4 
13.3 
13.3 
13.2 
13.2 
13.1 
13.1 
13.1 


—2 SD 


13.3 
13.3 
13.3 
13.3 
13.3 
13.2 
13.2 
13.2 
13.2 
13.1 
13.1 
13.1 
13.1 
13.1 


13.0 
13.0 
13.0 
12.9 
12.9 
12.9 
12.9 
12.9 
12.8 
12.8 
12.8 


12.8 
12.8 
12.7 
12.7 
12.7 
12.7 
12.7 
12.7 
12.7 


Table 2.7: Body mass index (BMI) fo 


BMI Girls 
-1 SD Median 
12.2 13.3 
13.2 14.6 
14.3 15.8 
14.9 16.4 
15.2 16.7 
15.4 16.8 
15.5 16.9 
15.5 16.9 
15.4 16.8 
15.3 16.7 
15.2 16.6 
15.1 16.5 
15.0 16.4 
14.9 16.2 
14.8 16.1 
14.7 16.0 
14.6 15.9 
14.5 15.8 
14.4 15.7 
14.4 15.7 
14,3 15.6 
14.3 15.5 
14.2 le 
14.2 15.4 
14.2 15.4 
By height 
-1SD Median 
14.4 1k 
14.4 15.7 
14.4 15.6 
14.4 15.6 
14,3 15.6 
14.3 15.6 
14.3 15.5 
14.3 15:5 
14.3 15:5 
14.2 15.5 
14.2 15.4 
14.2 15.4 
14.2 15.4 
14.1 15.4 
14.1 15.4 
14.1 15.3 
14.1 15.3 
14.1 15.3 
14.0 15:4 
14.0 15.3 
14.0 15.3 
14.0 15.3 
14.0 15.3 
14.0 15.3 
14.0 1533 
13.9 15.3 
13.9 15.3 
13.9 15.3 
13.9 15.2 
13.9 15.3 
13.9 15.3 
13.9 15.3 
13.9 15.3 
13.9 15.3 
13.9 15.3 
13.9 15.3 


1 SD 


14.6 
16.0 
17.3 
17.9 
18.3 
18.4 
18.5 
18.5 
18.4 
18.3 
18.2 
18.0 
17.9 
vers 
17.6 
17.5 
17.4 
17.3 
17.2 
17.1 
17.0 
17.0 
16.9 
16.9 
16.8 


28D 


16.1 

17.5 
19,0 
19.7 
20.0 
20,2 
20.3 
20.3 
20.2 
20.1 

19.9 
19.8 
19.6 
19.5 
19.3 
19.2 
19.1 
18.9 
18.8 
18.8 
18.7 
18.6 
18.5 
18.5 
18.4 


25D 


18.7 
18,7 
18.7 
18.6 
18.6 
18.6 
18.5 
18.5 
18.5 
18.5 
18.5 
18.4 
18.4 
18.4 
18.4 
18.4 
18.4 
18.4 
18.4 
18.4 
18.5 
18.5 
18.5 
18.5 
18.5 
18.5 
18.6 
18.6 
18.6 
18.6 
18.7 
18.7 
18.7 
18.7 
18.8 
18.8 


3 SD 


17.7 
19.1 
20.7 
21.5 
22.0 
22.2 
22.3 
22.3 
22.2 
22.1 
21.9 
21.8 
21.6 
21.4 
21.3 
21.1 
21.0 
20.9 
20.8 
20.7 
20,6 
20.5 
20.4 
20.4 
20.3 


boys 0 “OY 
and boy ——5 


rage in girls al IMI Boys 

| Median 

gay. GSR FPS? ai 
10.2 11.1 12.2 ‘a4 
11.3 12.4 13.6 183 
5 «137 | 1B gg 
13,1 14.3 15.5 rae 
4 45 BE Jos 
35 147 «(15.9 Jo 
13.6 14.7 16.0 oe 
13.6 14.7 15.9 ys 
13.6 14.7 15.8 Mii 
13.5 14.6 15.7 1 
13.4 14.5 15.6 163 
13.4 14.4 15.5 16. 
13.3 14.3 15.4 16.7 
13,2 14,2 15.3 16.6 
13.1 14.1 15.2 16.4 
13.1 14.0 15.1 16.3 
13.0 13.9 15.0 16.2 
12.9 13.9 14.9 16.1 
12.9 13.8 14.9 16.1 
12.8 13.7 14.8 16.0 
12.8 13.7 14.7 15.9 
12.7 13.6 14.7 15.8 
12.7 13.6 14.6 15.8 
127 6©=—_ 13.6 14.6 15.7 

By height 
-3SD -2SD -1SD Median 
129 13.8 14.8 16.0 
128 13.8 14.8 16.0 
128 13.7 14.8 15.9 
127 387 ‘A447 15.9 
127 13.6 14.7 15.9 
127 13.6 14.7 15.8 
126 136 146 15.8 
126 13.5 14.6 15.8 
125 135 146 15.7 
125 13.5 14.5 15.7 
125 13.4 14.5 15.7 
124 13.4 14.5 15.6 
124 13.4 14.4 15.6 
124 13.3 14.4 15.6 
123 13.3 14.4 15.5 
i238: 133 14.3 15.5 
123 13.2 14.3 155 
122 13.2 14.3 15.5 
122 13.2 14.3 15.4 
122 13.2 14.2 15.4 
122° 434 14.2 15.4 
2 (4494 14.2 15.4 
12.1 13.1 14.2 15.4 
21 131 142 15.3 
12.1 13.1 14.1 15.3 
12.1 130 4144 15.3 
12.1 13.0 14.1 15.3 
12.1 13.0 14.4 15.3 
120 130 4144 15.3 
120 130 144 4153 
120 13.0 14.0 15.3 
12.0 13.0 14,0 15.2 
120 129 14.0 15.2 
120 129 146 15 
120 129 £ 
12.0 . 14.0 15.2 
12.9 14.0 15.2 


14.8 
16.3 
17.8 
18.4 
18.7 
18.8 
18.8 
18.8 
18.7 
18.6 
18.5 
18.4 
18.2 
18.1 

18.0 
17.8 
17.7 
17.6 
17.5 
17.4 
17.3 
17.2 
17.2 
17.1 

17.0 


1 SD 


17.3 
17.3 
17.3 
17.2 
17.2 
17.1 
17.1 
17.1 
17.0 
17.0 
17.0 
16.9 
16.9 
16.9 
16.8 
16.8 
16.8 
16.8 
16.8 
16.7 
16.7 
16.7 
16.7 
16.7 
16.7 
16.7 
16.7 
16.6 
16.6 
16.6 
16.6 
16.6 
16.6 
16.6 
16.6 
16.6 


2 SD 


16.3 
17.8 
19.4 
20.0 
20.3 
20.5 
20.5 
20.5 
20.4 
20.3 
20.1 
20.0 
19.8 
19.7 
19.5 
19.4 
19.3 
19.1 
19.0 
18.9 
18.8 
18.7 
18.7 
18.6 
18.5 


2SD 


18.9 
18.8 
18.8 
18.7 
18.7 
18.6 
18.6 
18.5 


18.5 
18.4 
18.4 
18.4 
18.3 


18.3 
18.2 
18.2 
18.2 
18.2 
18.2 
18.2 
18.2 
18.2 
18.2 
18.2 
18.2 
18.2 
18.2 
18.2 
18.2 
18.2 

18.2 

18.2 

18.3 

18.3 


3 SD 


18,4 
19.4 
21.1 
21.8 
22,1 
22,3 
22.3 
22.3 
22.2 
22.1 
22.0 
21.8 
21.6 
21.5 
21,3 
21.2 
21.0 
20.9 
20.8 
20.7 
20.6 
20,5 
20.4 
20.3 
20.3 


3 SD 


20.6 
20.5 
20.5 
20.4 
20.4 
20.3 
20.2 
20.2 
20.1 
20.1 
20,0 


20.0 
19.9 
19.9 
19.9 
19.9 
19.9 
19.8 
19.8 
19.8 
19.8 
19,8 
13.9 
19.9 
12.9 
19.9 
{3.9 
13.9 
23.0 
20,0 
20.0 
20.1 
20.1 
20.2 
20.2 


Growth | 37 = 
SS ee a ee + 


Table 2.8: Head circumference for age (cm) in girls and boys 0-5 years of age 


™= 





Age BMI Girls a BMI Boys ——————~—_——____ ———— 
(mo) 38D -2SD -1SD Median 18D 28D 58D | -36p “@SD -1SD Median 1SD 28D 38D 
0 30.3 315 32,7 33.9 35.1 36.2 37.4 | 30.7 31.9 33.2 34.5 35.7 37.0 38.3 
1 33.0 34.2 95.4 36.5 37.7 38.9 40.1 | 33.8 34.9 36.1 37.3 38.4 39.6 40.8 
2 34.6 35.8 37.0 38.3 39.5 40.7 41.9 | 35.6 36.8 38.0 39.1 40.3 41.5 42.6 
: sae 37.1 38.3 39.5 40.8 42.0 43.3 | 37.0 38.1 39.3 40.5 41,7 42.9 44.1 
2 aoe 38.1 39.3 40.6 41.8 43.4 44.4 | 38.0 39.2 40.4 41.6 42.8 44.0 45.2 
38.9 40.2 41.5 42.7 44.0 45.3 | 38.9 40.1 41.4 42.6 43.8 45.0 46.2 
6 38.3 39.6 40.9 42.2 43.5 448 46.1 | 39.7 40.9 42.1 43.3 446 45.8 47.0 
7 38.9 402 41.5 42.8 44.1 45.5 46.8 | 40.3 41.5 42.7 44.0 45.2 46.4 47.7 
8 39.4 40.7 420 43.4 44.7 46.0 47.4 | 40.8 42.0 43,3 44.5 45.8 47.0 48,3 
9 39.8 41.2 425 43.8 45.2 46.5 47.8 | 41.2 42.5 43.7 45.0 46.3 47.5 48.8 
10 402 415 429 44.2 45.6 46.9 48.3 | 41.6 42.9 44.4 45.4 46,7 47.9 49.2 
11 405 41.9 43.2 44.6 45.9 47.3 48.6 | 41.9 43,2 44.5 45.8 47.0 48.3 49.6 
12 40.8 422 435 44.9 46.3 47.6 49.0 | 42.2 43.5 44.8 46.1 47.4 48.6 49.9 
13 411 424 43.8 45.2 46.5 47.9 49.3 | 425 43.8 45.0 46.3 47.6 48.9 50.2 
14 41.3 42.7 44,1 45.4 46.8 48.2 49.5 | 42.7 44.0 45.3 46.6 47.9 49.2 50.5 
15 415 429 44.3 45.7 47.0 48.4 49.8 | 429 44,2 45.5 46.8 48.1 49.4 50.7 
16 41.7 43.1 445 45.9 47.2 48.6 50.0 | 43.1 44.4 45.7 47.0 48.3 49.6 51.0 
17 419 433 447 46.1 474 48.8 50.2 | 43.2 44.6 45.9 47.2 48.5 49.8 51,2 
18 421 435 44.9 46.2 47.6 49.0 50.4 | 43.4 44,7 46.0 47.4 48.7 50.0 51.4 
19 42.3 43.6 45.0 46.4 47.8 492 50.6 | 43.5 44.9 46.2 47,5 48.9 50.2 51.5 
20 42.4 43.8 45.2 46.6 48.0 49.4 50.7 | 43.7 45.0 46.4 47.7 49.0 50.4 51.7 
21 426 440 45.3 46.7 48.1 49.5 50.9 | 43.8 45,2 46.5 47,8 49,2 50.5 51.9 
22 42.7 44.1 45.5 46.9 48.3 49.7 51.1 | 43.9 45.3 46.6 48,0 49.3 50.7 52.0 
23 42.9 443 45.6 47.0 48.4 49.8 51.2 | 44.1 45.4 46.8 48.1 49.5 50.8 52.2 
24 43.0 444 45.8 47.2 48.6 50.0 51.4 | 44.2 45.5 46.9 48.3 49.6 51.0 52.3 
25 43.1 445 45.9 47.3 48.7 50.1 51.5 | 44.3 45.6 47.0 48.4 49,7 51.1 52.5 
26 43.3 44.7 46.1 47.5 48.9 50.3 51.7 | 44.4 45.8 47.1 48.5 49.9 51.2 52.6 
27 43.4 448 46.2 47.6 49.0 50.4 51.8 | 44.5 45,9 47.2 48.6 50.0 51.4 52.7 
28 43.5 449 46.3 47.7 49.1 50.5 51.9 | 44.6 46.0 47.3 48.7 50.1 51.5 52.9 
29 43.6 45.0 46.4 47.8 49,2 50.6 52.0 | 44.7 46.1 47.4 48.8 50.2 51.6 53.0 
30 43.7 45.1 46.5 47.9 49.3 50,7 52.2 | 44.8 46.1 47.5 48.9 50.3 51.7 53.1 
31 43.8 45.2 46.6 48.0 49.4 50.9 52.3 | 44.8 46.2 47.6 49.0 50.4 51.8 53.2 
- 32 43.9 453 46.7 48.1 496 51.0 52.4 | 449 46.3 47.7 49.1 50.5 51.9 53.3 
33 44.0 45.4 46.8 48.2 49.7 51.1 52.5 | 45.0 46.4 47.8 49.2 50.6 52.0 53.4 
34 44.1 45.5 46.9 48.3 49.7 51.2 52.6 | 45.1 46.5 47.9 49.3 50.7 52.1 53.5 
35 44.2 45.6 47.0 48.4 49.8 51.2 52.7 | 45.1 46.6 48.0 49.4 50.8 52.2 53.6 
36 44.3 45.7 47.1 48.5 49.9 51.3 52.7 | 45.2 46.6 48.0 49.5 50.9 52.3 53,7 
37 444 458 47.2 48.6 50.0 51.4 52.8 | 45.3 46.7 48.1 49.5 51.0 52.4 53.8 
38 444 458 47.3 48.7 50.1 51.5 52.9 | 45,3 46.8 48.2 49.6 51.0 52.5 53.9 
39 445 459 47.3 48.7 50.2 51.6 53.0 | 45.4 46.8 48.2 49,7 51.1 52.5 54.0 
40 44.6 46.0 47.4 48.8 50.2 51.7 53.1 | 45.4 46.9 48.3 49.7 51.2 52.6 54.1 
41 446 46.1 47.5 48.9 50.3 51.7 53.1 | 45.5 46,9 48.4 49.8 51.3 52.7 54.1 
42 44.7 46.1 47.5 49.0 50.4 51.8 53.2 | 45.5 47.0 48.4 49.9 51.3 52.8 54.2 
43 448 462 47.6 49.0 50.4 51.9 53.3 | 45.6 47.0 48.5 49.9 51.4 52.8 54.3 
44 44.8 46.3 47.7 49.1 50.5 51.9 53.3 | 45.6 47.1 48.5 50.0 51.4 52.9 54.3 
45 44.9 46.3 47.7 49.2 50.6 52.0 53.4 | 45.7 47.1 48.6 50.1 51.5 53.0 oe 
| 46 45.0 464 47.8 49.2 50.6 52.1 53.5 | 45.7 47.2 48.7 50.1 51.6 53.0 54. 
| 47.2 48.7 50.2 51.6 53.1 54.5 
47 45.0 46.4 47.9 49.3 50.7 52.1 53.5 | 45.8 
47.3 48.7 50.2 51.7 53.1 54.6 
48 45.1 46.5 47.9 49.3 50.8 52.2 53.6 | 45.6 
! 473 488 50.3 51.7 532 547 
49 45.1 465 48.0 49.4 see ae ae ree 95: ee AbKS 41a. 1 ERD CREE oe BES 
50 45.2 46.6 48.0 49,4 50. ; ; ‘ ge ae eH 
51 45.2 46.7 48.1 49.5 50.9 52.3 53.8 | 45.9 47.4 48.9 2st oe se 
59 45.3 46.7 48.1 49.5 51.0 52.4 53.8 | 46.0 47.5 48.9 te me seh sy 
53 45.3 468 48.2 49.6 51.0 52.4 53.9 | 46.0 47.5 49.0 Ze ate ae a 
54 45.4 46.8 48.2 49.6 51.1 52.5 53.9 | 46.1 47.5 49.0 5 . Bee ae cape 
55 46.9 48.3 49.7 51.1 52.5 54.0 | 46.1 47.6 49.1 50. . 3 
ae ee eel ee 
37 45. 46.9 48.4 49.8 51.2 ; , : 
58 ee 47.0 48.4 49.8 51.3 52.7 54.1 | 46.2 47.7 49.2 met = as 2 6 
59 48.5 49.9 51.3 52.7 54.1 | 46.2 47.7 49,2 50. 
| a ase 51.3 528 542 | 463 47.7 492 .507 522 53.7 55.2 
f)80 45.7 47.1 48.5 49.9 ay ee NOT Ly k TTT 





n> 


Table 2.9: Boys aged 5 to 18 years old: basa Carts: oF ‘weit, wernt, ery mass index (percentiles) (reproduced with Peission from Indian Rectal 2015; ne 47-55) 





















-- Height (cm) 
‘oth 50th 90th 97th SD | 3rd 
102.3 1089 115.9 1194 57 |13.2 
105.0 111.9 1190 1227 53 |13.8 
107.7 1148 1222 1260 56 |14.5 
110.4 117.8 125.4 1293 5.5 [15.3 
113.0 120.7 1286 132.6 5.9 | 16.0 
Y 115.7 1235 131.7 135.9 5.7 1167 
8.0 1142 118.2 126.4 134.8 139.1 63 |17.5 
8.5 116.7 1208 129.1 137.8 1422 61 |183 
9.0 “419.0 123.2 1318 140.7 145.3 6.4 |19.1 
9.5 1213 1256 1345 143.7 1483 64 119.9 
10.0 | 123.6 128.1 187.2 1466 151.4 68 20.7 
10.5 125.9 130.5 139.9 1495 1544 65 1|21.6 
133.0 142.7 1525 157.5 7.6 |22.6 
135.6 145.5 1556 1606 7.3 |23.8 
33.2 138.3 148.4 158.6 163.7 81 124.9 
5 1185.7 141.0 151.4 161.7 1668 7.9 |26.1 
13.0 | 1883 143.7 154.3 164.7 169.9 9.0 |27.5 
13.5 | 140.9 146.4 157.2 167.6 172.7 84 |29.0 
14.0 | 143.4 149.0 159.9 170.3 175.4 9.0 |30.7 
145 |145.8 151.5 1623 1727 177.7 7.8 |32.6 
15.0 | 148.0 153.7 1645 174.8 179.7 7.9 |34.5 
15.5 | 150.0 155.7 166.5 176.5 1814 6.6 |36.1 
16.0 | 151.8 157.4 168.1 1780 182.7 7.2 |37.5 
16.5 es 159.1 169.6 1793 1838 6.7 |387 
17.0 | 155.0 171.0 180.4 184.8 69 |39.8 
17.5 172.3 181.5 185.8 6.1 |40.8 
18.0 182.5 186.7 69 |41.8 








23rd AE: eauvatet to BMI of 23 in 1 adults (overweight): 27th AE: equivalent to BMI of: 27 in 1 adults (obesity) 


10th 


14.3 
15.0 
15.8 
16.8 
17.6 
18.5 
19.5 
20.5 
21.5 
22.4 
23.5 
24.6 
25.9 
27.3 
28.7 
30.2 
31.8 
33.6 
35.5 
37.7 
39.8 
41.6 
43.1 
44.4 
45.6 
46.7 
47.7 


Weight (kg) 

50th 90th 
17.1 213 
18.2 22.9 
19.3 24.6 
20.7 26.6 
21.9 28.6 
23.3 30.8 
248 33.2 
26.4 35.7 
27.9 38.0 
29.4 40.5 
31.1 43.0 
32.8 45.8 
34.7 48.7 
36.9 51.8 
39.0 54.8 
41.2 57.8 
43.3. 60.7 
45.7 63.6 
48.2 66.3 
50.8 69.1 
53.1 71.5 
55.2 73.4 
56.8 74.8 
58.2 76.1 
59.5 77.1 
60.6 77.8 

61.6 78.6 


97th 


24.2 
26.1 
28.3 
30.8 
33.4 
36.2 
39.4 
42.6 
45.5 
48.6 
51.8 
55.2 
58.7 
62.5 
66.1 

69.5 
72.6 
75.6 
78.3 
80.9 
83.1 

84.7 
85.8 
86.8 
87.5 
88.0 
88.4 


SD 


3.2 
2.9 
3.6 
3.8 
4.2 
4.9 
9.7 
6.5 
6.3 
7.0 
7.9 
8.3 
8.9 
9.3 
10.0 
10.6 
11.3 
11.4 
12.1 
11.6 
12.1 
11.2 
12.2 
12.6 
12.3 
12.3 


3th 


12.1 
12.2 
12.2 
12.3 
12.3 
12.4 
12.5 
12.6 
Vesf 
12.8 
12.9 
13.0 
13.1 
13.2 
13.3 
13.5 
13.6 
13.7 
13.8 
14.0 
14.2 
14.4 
14.6 
14.9 
15.1 
15.4 





5th 


12.4 
12.4 
12.5 
12.5 
12.6 
12.7 
12.8 
12.9 
13.0 
13.1 
13.2 
13.3 
13.5 
13.6 
13.8 
13.9 
14.0 
14.2 
14.3 
14.5 
14.7 
14.9 
15:4 
15.4 
15.6 
15.9 


16.2 


Body mass index 
23rd 
10th 50th “A 
128 147 15.7 
129 148 15.8 
12.9 149 16.0 
13.0 150 16.1 
13.1 151 16.3 
13.2 15.3 16.5 
13.3: i85 16.7 
13.4 15.7 17.0 
135 159 17.3 
13.7 16.2 17.6 
13.8 16.4 18.0 
14.0 16.7 18.3 
14.1 17.0 18.7 
143 17.3 19.1 
14.5 17.7 19.5 
14.6 14.9 19.8 
14.8 182 20.2 
149 185 20.5 
15.1 18.7 20.8 
15.3 190 21.1 
15.5 19.3 21.4 
15.8 19.6 217 
16.0 19.9 22.0 
16.3 20.2 224 
16.6 20.5 22.6 
16.8 20.8 229 
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7 
AE SD | 
17.5 16. 
17.6 15. 
17.8 18 
18.0 18. 
18.2 19. 
185 22 
18.8 2.5 
19.2 28 
196 26. 
20.1 28. 
205 31. 
21.0 3.2 | 
21.5 3.2. 
22.1 3.3 | 
226 3.4 
23.0 3.6 
23.4 35 | 
23.8 37 
24.2 37 | 
245 3.5 
24.9 37 
25.2 3 
255 3: 
25.8 
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Table 2.10: Girls aged 5 to 18 years old: IAP charts for weight, height, body mass index (percentiles) (reproduced with permission from Indian Pediatr 2015;52:47—55) 


Age 
(years) 


5.0 
5.5 
6.0 
6.5 
7.0 
1.2 
8.0 
8.5 
9.0 
9.5 
10.0 
10.5 
11.0 
11.5 
12.0 
12.5 
13.0 
13.5 
14.0 
14.5 
15.0 
15.5 
16.0 
16.5 
17.0 
17.5 
18.0 


23rd AE: equivalent to BMI of 23 in adults (overweight); 


3rd 


97.2 
99.8 
102.3 
104.9 
107.4 
110.0 
112.6 
115.2 
117.8 
120.5 
123.3 
126.1 
128.8 
131.5 
134.0 
136.3 
138.2 
139.9 
141.3 
142.4 
143.3 
144.1 
144.7 
145.2 
145.7 
146.2 
146.6 


10th 


100.5 
103.2 
106.0 
108.7 
111.4 
114.1 
116.8 
119.6 
122.4 
125.2 
128.1 
130.9 
133.7 
136.4 
138.9 
141.1 
142.9 
144.5 
145.8 
146.8 
147.5 
148.1 
148.6 
149.1 
149.5 
149.8 
150.2 


Height (cm) 
50th 90th 
1076 . 1152 
110.5 118.3 
113.5 121.5 
116.5 124.6 
119.4 127.7 
122.4 130.8 
125.4 133.9 
128.4 137.0 
131.4 140.2 
134.4 143.3 
137.4 146.4 
140.4 149.5 
143.3 152.4 
145.9 155.1 
148.4 157.5 
150.5 159.6 
152.2 161.3 
153.6 162.7 
154.7 163.7 
155.5 164.5 
156.1 165.0 
156.6 165.3 
156.9 165.6 
157.2 165.7 
157.4 165.9 
157.6 166.0 
157.8 166.1 


97th 


119.3 
122.5 
125.6 
128.7 
131.9 
135.0 
138.1 
141.3 
144.5 
147.6 
150.8 
153.9 
156.8 
159.6 
162.0 
164.1 
165.9 
167.2 
168.2 
169.0 
169.5 
169.8 
170.1 
170.2 
170.4 
170.5 
170.6 


SD 


5.4 
5.7 
5.8 
5.5 
6.1 
6.0 
6.2 
6.8 
6.9 
6.6 
7.8 
7.3 
7.9 
7.1 
7.0 
6.7 
6.9 
6.0 
6.6 
5.9 
6.6 
5.9 
6.1 
6.4 
6.5 
6.7 
6.6 


3rd 


12.3 
13.0 
13.7 
14.4 
15.1 
15.9 
16.7 
17.5 
18.5 
19.5 
20.7 
22.0 
23.3 
24.8 
26.2 
27.6 
28.9 
30.2 
31.3 
32.3 
33.1 
34.0 
34.7 
35.5 
36.2 
36.9 
37.6 


10th 


13.4 
14.3 
15.1 
15.9 
16.8 
17.7 
18.7 
19.7 
20.9 
22.1 
23.5 
25.1 
26.7 
28.4 
30.0 
31.6 
33.1 
34.4 
35.6 
36.6 
37.5 
38.3 
39.1 
39.8 
40.5 
41.1 
41.8 


Weight (kg) 
50th 90th 
16.4 21.3 
176, 229 
18.7 24.6 
19.9 26.3 
212° 282 
22.5 30.1 
24.0 32.2 
25.5 34.4 
27.2 36.7 
29.0 39.3 
31.0 42.0 
33.2 44.8 
35.4 47.7 
37.6 50.6 
39.8 53.4 
41.8 55.8 
43.6 57.9 
45.1 59.7 
46.4 61.1 
47.5 62.2 
48.4 62.9 
49.1 63.5 
49.7 64.0 
50.3 64.4 
50.9 64.7 
51.5 65.0 
52.0 65.3 


97th 


25.0 
27.0 
29.1 

31.2 
33.4 
35.7 
38.1 

40.7 
43.4 
46.3 
49.4 
52.6 
55.9 
59.1 

62.1 

64.8 
67.1 

69.0 
70.4 
71.4 
72.1 

72.5 
72.8 
73.1 

73.3 
73.4 
73.5 


27th AE equivalent to BMI of 27 in adults (obesity) 


SD 


2.5 
3.5 
3.4 
4.1 
4.4 
4.8 
5.2 
6.4 
6.4 
6.9 
Tf 
8.3 
8.5 
2.1 
9.0 
9.7 
9.4 
9.8 
9.6 
9.4 
9.6 
8.7 
8.7 
9.2 
8.8 
9.5 
10.2 


3rd 


11.9 
1 
12.0 
13 

12.1 

12.2 
12.3 
12.3 
12.4 

12.5 

12.7 

12.8 
13.0 

13.2 

13.4 

13.7 


13.9 


14.1 
14.3 
14.5 
14.7 
14.9 
15.0 
15.2 
15.4 
15.5 
15.7 


5th 


12.1 
12.2 
12.2 
12.3 
12.4 
12.5 
12.6 
12.7 
12.8 
12.9 
13.1 
13.2 
13.4 
13.7 
13.9 
14.2 
14.4 
14.6 
14.9 
15.1 
15.2 
15.4 
15.6 
15.8 
16.0 
16.1 
16.3 


Body Mass Index 
10th = 50th aaNe 
AE 
125 143 £155 
12.6 14.4 15.7 
12.7 14.5 15.9 
12.8 14.7. 16.1 
12.8 14.9 16.4 
12.9 15.1 16.6 
13.1 15.3 16.9 
13.2 15.6 17.2 
13.3 158 17.6 
13.5 16.1 18.0 
13.7 16.5 18.4 
13.9 16.8 18.8 
14.1 17.2 19.3 
14.4 176 19.8 
14.7 18.0 20.2 
15.0 18.4 20.7 
15.2 18.8 21.1 
15.5 19.1 21.5 
15.7 19.4 21.8 
16.0 19.7 22.0 
16.1 19.9 22.3 
16.3 20.1 22.4 
16.5 203 22.6 
16.7 20.4 228 
16.9 20.6 22.9 
17.1 20.8 23.1 
17.3 21.0 23.2 


27th 
AE 
18.0 
18.3 
18.6 
18.9 
19.3 
19.7 
20.1 
20.5 
21.0 
21.4 
21.9 
22.5 
23.0 
23.6 
24.1 
24.7 
25.2 
25.6 
25.9 
26.2 
26.3 
26.4 
26.5 
26.6 
26.7 
26.7 
26.8 


~~ 


—_— 


SD 


1.4 
1.7 
1.7 
2.0 
2.1 
2.2 
2.3 
27h 
2.7 


2.8 


2.9 


31 


3.1 | 
3.3 | 
3.2 
3.3 
3.2 
3.5 
3.4 
3.3 
3.4 
3.1 
3.1 
3.2 
3.0 
3.1 
3.6 
LAP 
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Velocity of Growth 


Plotting a child’s height and weight ona growth chart helps 
to determine if he is within the normal range for his or her 
age. One time measurement, however, does not indicate, if 
the rate of growth of the child has been normal in the recent 
past. The position on the growth chart becomes evidently 
abnormal only when the factors retarding growth are 
profound or have persisted for a long time. On the other 
hand, serial measurements provide rate of growth. Plotting 
growth velocity is useful tool for early identification of 
factors affecting growth. Velocity of growth more accurately 
helps in predicting the ultimate adult height. 


Interpretation of growth measurements: Table 2.11 provides 


details regarding interpretation of growth charts for 
children 0 to 5 years of age. 


Growth Monitoring 


The Indian Academy of Pediatrics has given guidelines to 
monitor growth during childhood (Table 2.12). During 
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is conveniently ate during visits 
; integrated into Visits fy, 
‘nation. Later it can be in 
inborn geries illnesses or into school health prograrn, 
During adolescence, sexual maturity rating (SMR) staying 
should also be monitored. 


infancy, the monitoring 


Software and Apps to Assist Anthropometric Analysis 
for Clinical and Research Use 
The WHO provides software “ WHO-Anthro” for anthro- 
pometric analysis. The software consists of three modules; 
Anthropometric calculator, individual assessment, and 
nutritional survey. 

The software is downloadable at http://www.who.int/ 
childgrowth/software/en/ 

The page provides the option to download the software 
WHO-Anthro for personal computers (PC) and mobile 


devices. In addition, there are macros for the statistical 
software packages to facilitate data analysis. 


Table 2.11: Interpretation of growth parameters in children 0 to 5 years of age 
Growth indicators 


Z-score Length/height-for-age Weight-for-age Weight-for-length/height BMI-for-age 

Above 3 See note 1 Obese Obese 

Above 2 | Overweight |“ Overweight 
(see note 3) (see note 3) 

Ojmedian) | ee el See 

Below =1.i[ | a) eee 

Below -2 | Stunted (see note 4) | Underweight _— | Wasted |S sWaasted 

Below -3 Severely stunted Severely under- Severely wasted 


(see note 4) 
Measurements in the grey shaded boxes are in the normal range 
Notes: 


weight (see note 5) 


Severely wasted 


1. A child in this range is very tall. Tallness is rarely a problem unless it Is so excessive that it may indicate an endocrine disorder such 23 2 
growth-hormone producing tumor. Refer a child in this range for assessment, if you suspect an endocrine disorder (e.g. if parents of normal 


height have a child who is excessively tall for his or her age). 


2, A child whose weight-for-age falls in this range may have growth problem, but this Is better assessed from weight-for-length/height or Ell 


for-age. 


3. A plotted point above 1 shows possible risk. A trend towards the +2 Z-score line shows definite risk. 
4. It is possible for a stunted or severely stunted child to become overweight. 


5. This is referred to as very low weight in IMCI training modules 


> aa 7 
iF 
i- 


Age Height/length Weight 


Table 2.12: Suggested growth monitoring in children at different ages _ 


Head circumference 


Other 
Birth v v v 
1%,3%,6,9,15 months ¥ ‘ ¥ 
18 months-3 years Y (6 monthly) ¥ (6 monthly) ¥(6 monthly) 
3.5-5.5 years ¥ (6 monthly) ¥ (6 monthly) 
_ 6-8 years ¥ (6 monthly) ¥ (6 monthly) BMI (yearly) 
9-18 years Y (yearly) ¥ (yearly) 


Adapted from guidelines of indian Academy of Pediatrics (2006) 
BMI: Body mass index, SMR: Sexual maturity rating 


BMI and SMR (yea"ty) 


Growth 





a 
Name 

AnthroCal 

Growth percentiles 
Growth chart CDC WHO percentiles 

IAP growth charts 

-Pedlatric growth chart 

Pediatric growth charts by Boston Children’s Hospital 
STAT growth charts Lite 

Child growth chart 

Ped (2) 


| 2 


Table 2.13: Examples of selected mobile apps to interpret anthropometric data 
Operating mobile system 


Basis of calculation 





Android WHO and IAP 
Android WHO 
Android WHO, CDC 
Android, iOS WHO 

iOS WHO 

iOS WHO, CDC 
iOS WHO 
Windows WHO 
Windows, Android WHO, CDC 


The authors provide this list only as examples; they do not endorse these apps. Many other apps are continually being developed, User discretion 


ls advised. 


Mobile Applications (Apps) for Analysis of 
Anthropometric Data 


Several mobile applications (apps) are now available for 
instant and quick analysis of anthropometric data 
(Table 2.13). While a few are paid, many of them are free for 
download. Some use the CDC charts while others use WHO 
charts for analysis. A few apps allow users to make choice 
of charts for calculations and interpretation. Many of these 
apps have additional capabilities and calculators. 


Suggested Reading 


* Agarwal DK, Agarwal KN, et al. Physical and sexual growth 
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* Graham CB. Assessment of bone maturation—methods and 
pitfalls. Radiol Clin North Am 1972,10:185-202 

* World Health Organisation. http:/Awww.who.int/nut-growthdb/ 
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DISORDERS OF GROWTH 


Short Stature 

Definition and Epidemiology 

Short stature is defined as height below third centile or 
more than 2 standard deviations (SDs) below the median 
height for age and gender (<-2 SD) according to the 
population standard. As is evident from the definition, 
approximately 3% of children in any given populations 
will be short. Children whose stature is more than 3 SD 
below the population mean for age and gender 
(<-3 SD) are more likely to be suffering from pathological 
short stature, as compared to those with stature between 
-2 and -3 SD, who are more likely to be affected by 
physiological, i.e. familial or constitutional short stature. 


Etlology 


Short stature can be attributed to many causes (Table 2.14), 
Undernutrition and chronic systemic illness are the 


Table 2.14: Causes of short stature 
Physlological short stature or normal variant 
Familial 
Constitutional 
Pathological 
Undernutrition 
Chronic systemic illness 


.Cerebral palsy 


Congenital heart disease, cystic fibrosis, asthma 
Malabsorption, e.g. celiac disease, chronic liver disease 
Acquired immunodeficiency syndrome, other chronic infections 


Endocrine causes 

Growth hormone deficiency, insensitivity 
Hypothyroidism 

Cushing syndrome 

Pseudohypoparathyroidism 

Precocious or delayed puberty 

Psychosocial dwarfism 

Children born small for gestational age 

Skeletal dysplasias, e.g. achondroplasia, rickets 
Genetic syndromes, e.g. Turner, Down syndrome 


common etiological factors, followed by growth hormone 
deficiency (GHD) and hypothyroidism. 


Steps In Assessment 


Accurate height measurement: For children below 2 years, 
supine length should be measured using an infantometer 
with a rigid headboard on one side and a moveable 
footboard on the other side, while holding the infant 
straight on the horizontal board (Fig. 2.6). For older children, 
height should be measured with a stadiometer, as explained 
in previous section (Fig. 2.7), 


Assessment of height velocity: Height velocity is the rate of 
increase in height over a period of time expressed as 
cm/year. The average height velocity is 25 cm/yr in the 
first year, declines to 46 cm/yr in prepubertal children 
between 4 and 9 years of age and increases during puberty 
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to a peak height velocity of 10-12cm /yr. If height velocity 
is lower than expected for age, the child is likely to be 
suffering from a pathological cause of short stature. 


Comparison with population norms: The height should be 
plotted on appropriate growth charts and expressed in 
centile or as standard deviation score. 


Comparison with child’s own genetic potential: Parents’ 
height significantly affects the child’s height. Mid-parental 
height (MPH) gives an approximate estimate of the child’s 
genetically determined potential. 


Mother + Father height (cm) 


MPH for boys = 5 + 6.5 cm 
MPH for girls = Mother + as height (cm) SA aan 


This value is then plotted on the growth chart at 
18-20 years (adult equivalent) of age. This gives an estimate 
of the target height for the child and the percentile that 
he/she is likely to follow. 


Assessinent of body proportion: Short stature can be pro- 
portionate or disproportionate. The proportionality is 
assessed by upper segment (US): lower segment (LS) ratio 
and comparison of arm span with height. US can be 
measured by taking the sitting height of the child. Child is 
made to sit on a square stool placed against the vertical rod 
of the stadiometer. The headboard is brought down to the 
vertex similarly as for taking height. The height of the stool 
is subtracted from the reading obtained to get sitting height. 
LS can be obtained by subtracting US from height. 
Alternatively, LS can be measured by taking the length from 
pubic symphysis to the ground while the child is standing 
erect. For measuring arm span, child is asked to stand 
straight with both arms extended outwards parallel to the 
ground. Length between the tips of the middle finger of the 
outstretched hands is the arm span. 

Normally, US: LS ratio is 1.7 at birth, 1.3 at3 years, 1.1 by 
6 years, 1 by 10 years and 0.9 in adults. Increase in US: LS 
ratio is seen in rickets, achondroplasia and untreated 
congenital hypothyroidism. Decrease in US : LS ratio is 
seen in spondyloepiphyseal dysplasia and vertebral 
anomalies. Arm span is shorter than length by 2.5 cm at 
birth, equals height at 11 years and thereafter is slightly 
(usually, <1 cm) greater than height. 


Sexual maturity rating (SMR):SMR stage should be assessed 
in older children (see Chapter 5). Heightspurtis seen in early 
puberty in girls and mid-puberty in boys. Precocious puberty 
can lead to early height spurt followed by premature 
epiphyseal fusion and ultimate short stature. On the other 
hand, delayed puberty canalso present with shortstature in 
adolescents as the height spurt is also delayed. 


Differential Diagnosis 


Diagnosis is based ona detailed history, examination and 
laboratory evaluation. Careful history and examination can 
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tiology of short stature 


the e 
(Tables 2.19 eds 


is guided by clues from history and pny sical Sxersiallon, 

& ease should be done in all children with 
Bone age assess appearance of various cp! physeal centers 
aun eorsnse nae Sia with metaphyses tells about the 
and fusion of €p re the child. Bone age is conventionally 
skeletal maturity 0 ft hand and wrist using either 


adiograph of the left na nee ne 
eater ve atlas or Tanner-Whitehouse me rie It Gives 
an idea as to what proportion of the adult height has been 


achieved by the child and wha t is sleded conearsAne 
i ain. Bone age !5 é é 
cheat ms in almost all causes of aeenly eae 
Exceptions to this are familial short stature, In w . , one 
age equals chronological age, and precocious pu erty, in 
which bone age exceeds chronological age. In case of 
constitutional delay, undernutrition and systemic illness, 
bone age is less than chronological age and corresponds to 
height age. In cases of growth hormone deficiency and 


Table 2.15: Clues to etiology of short stature from history 


History Etiology 
Low birth weight Small for gestational age 
Polyuria Chronic renal failure, renal 


tubular acidosis 
Chronic diarrhea, Malabsorption 
greasy stools 
Neonatal hypoglycemia, 
jaundice, micropenis 
Headache, vomiting, 
visual problem 


Hypopituitarism 


Pituitary or hypothalamic space 
occupying lesion, e.g. 
craniopharyngioma 

Lethargy, constipation, Hypothyroidism 


weight gain 
Inadequate dietary intake Undernutrition 


Social history Psychosocial dwarfism 
Delayed puberty in Constitutio 
saranie nal delay of growth 


and puberty 


Table 2.16: Clues to etiology of short Stature from examination 
Examination finding 


Etiolo 
Disproportion ci 


Skeletal dysplasia, rickets, 
hypothyroidism 


Congenital syndromes 


Chronic anemia, chronic kidney 
disease 


Chronic kidney disease 
Hypoplituitarism 


Dysmorphism 
Pallor 


Hypertension 
Frontal bossing, 
depressed nasal 
bridge, crowded 
teeth, small penis 
Goiter, coarse skin 


Hypothyroid; 
Central obesity, striae : HS 


Cushing syndrome 















































Growth 
' Table 2.17: Investigative work-up for short stature 
Level 1 (essential) investigations | Se sieasiriiie 
Complete hemogram with ESR Se HH EEE 185 
soneaes | 
Urinalysis including microscopy, osmolality and pH SS ee eesisei Ht 


Stool examination for parasites, steatorrhea and occult blood 
Blood urea, Creatinine, bicarbonate, pH, calcium, phosphate, 
alkaline phosphatase, fasting glucose, albumin and trans- 
aminases 

Level 2 investigations 


Serum thyroxin, thyroid stimulating hormone 
Karyotype in girls (to rule out Turner syndrome) 


Level 3 Investigations 


Celiac serology 

Provocative growth hormone testing 

Serum insulin-like growth factor-1, and insulin-like growth 
factor binding protein-3 levels 

MAI brain (focussed on pituitary and hypothalamus) if low 
peak growth hormone levels 


hypothyroidism, bone age may be lower than height age, if 
the endocrine condition is diagnosed late. 

In addition, all children with disproportionate short 
stature require skeletal survey to rule out skeletal dysplasia 
and rickets. Essential screening investigations that should 
be done in all children with short stature are listed in 
Table 2.17. If these investigations are normal and bone age 
is delayed, level 2 investigations should be done. If these 
investigations are also normal, then the major diagnostic 
possibilities are growth hormone deficiency and 
malabsorption. If the child has borderline short stature, i.e. 
height between —2 and -3 SD, then it is prudent to wait for 
6-12 months and observe for height velocity. On the other 
hand, if the child is significantly short(<-3 SD) or has 
documented poor height velocity over 6-12 months, one 
should proceed to level 3 investigations. 


Specific Etiologies 


Familial short stature: The child is short as per definition 
(height <3rd centile) but is normal according to his own 
§enetic potential determined by the parents’ height. These 
children show catch-down growth between birth and 
2 years of age, so that the height and weight come to lie on 
their target (mid-parental) centiles by the age of 2 years. 
Subsequently, the growth velocity remains normal 
throughout childhood and adolescence. The body 
Proportion is appropriate and bone age equals the 
chronological age. Puberty is achieved at appropriate age 
and final height is within their target range (Fig. 2.21). 

children are born with 


Constitutional th delay: These 
Hat oa f normally for the first 


Normal length and weight and grow 
6~12 sree cae Theis growth then shows a deceler ation 
$0 that the height and weight fall below the 3rd centile. By 

years of age, normal height velocity is resumed and they 
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Fig. 2.21: Growth chart of a gin with familial short stature. The 
child is growing below and parallel fo 3rd centile from early 
childhood till adulthood, height velocity is normal, bone age 
(BA) conesponds to chronological age and target height (range 
indicated by vertical bold bar) is low 


N 
w 


continue to grow just below and parallel to the 3rd centile 
with a normal height velocity. The onset of puberty and 
adolescent growth spurt is also delayed in these children 
but final height is within normal limits. Bone age is lower 
than chronological age and corresponds to the height age. 
History of delayed puberty and delayed height spurt is 
usually present in one or both parents (Fig. 2.22). 

Table 2.18 lists features that distinguish between these 
two common causes of short stature. 


Undernutrition: Stunted growth caused by chronic 
undernutrition is one of the commonest cause for short 
stature in our country. A detailed dietary history and 
presence of other features of malnutrition such as low mid- 
upper arm circumference and low weight for height suggest 
the diagnosis. 


Endocrine causes: These are discussed in detail in Chapter 18. 


Skeletal dysplasias: Inborn errors in the formation of 
cartilage and bone, cause chondrodysplasias or skeletal 
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Fig. 2.22: Growth chart of a boy with constitutional delay of growin 
and puberty, The child falls to a lower centile in early childhood, 
gtows below and parallel! to 3rd centile In childhood, with an 
apparent downward deviation of growth curve during the normal 
time of pubertal growth, with later acceleration of growth and 
reaching target helght (range indicated by vertical bold bar). 
Bone age (BA) Is lower than chronological age by 2-3 years 


"Table 2.18: Distinction between constitutional delay in growth: 
and familial short stature | 


Feature Constitutional Familial short 
growth delay stature 

Height Short Short 

Height velocity Normal Normal 

Family history Delayed puberty Short stature 

Bone age Less than Normal 

| chronological age 
Puberty Delayed Normal 
Final height Normal Low but normal 


for target height 


dysplasias, that are usually associated with abnormal 
skeletal proportions and severe short stature (except 
hypochondroplasia, where growth retardation is mild). 
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Genetic syndromes: Turnet syndrome, ies incidence of 
1:2000 live births, is a common cause Of S xa stature in 
girls and should not be ruled out even! the typical 
phenotypic features are absent. Other syndromes associated 
with short stature are Down, Prader-Willi, Russell-Silve; 


and Seckel syndromes. 


Psychosocial dwarfism: This condition, also known rf 
emotional deprivation dwarfism, maternal deprivation 
dwarfism or hyperphagic short stature, 1S seen Mh children 
in unhappy homes where the emotional needs of the child 
are totally neglected. It is characterized by functional hypo- 
pituitarism indicated by low IGF-1 levels and inadequate 
response of GH to stimulation. Therapy with GH is, 
however, not beneficial. Good catch-up growth is seen when 
the child is placed in a less stressful environment and 
nurtured with love and affection. 


Children born small for gestational age (SGA): Birth weight 
below the 10th centile for gestational age can be caused by 
maternal, placental or fetal factors. Most of these infants 
show catchup growth by 2 years of age. However, an 
estimated 20-30% of babies born SGA fail to show catchup 
growth and remain short. Subtle defects in the growth 


hormone and insulin-like growth factor (GH-IGF) axis are 
also considered responsible. 


Management 


The general principles of management for any child who 
presents with short stature include counseling of parents 
and dietary advice. Parents should be counseled to 
highlight the positive aspects in child’s personality and 
not put undue emphasis on stature. Intake of a balanced 
diet containing the recommended amounts of macro- and 
micronutrients is recommended. The specific management 
depends on the underlying cause. For physiological causes, 
reassurance and annual monitoring of height and weight 
is sufficient. Dietary rehabilitation for undernutrition and 
treatment of underlying condition such as renal tubular 
acidosis or celiac disease are generally associated with 
satisfactory catch-up growth. With any form of therapy: 


monitoring with regular and accurate recording of height 
is mandatory for satisfactory outcome 


For skeletal dysplasias, limb lengthening procedures até 
offered at a few orthopedic centers. For hypothyroidis™ 
partake replacement is advised. For srenei hacmone 

e ciency, eatment with daily subcutaneous injections ° 
“ is paar GH therapy is also approved for several 
> er conditions though the doses required are generally 

gher and improvement in final height smaller and mor 
variable as compared to GH deficiency. Some of these 
conditions are Turner syndrome, SGA with inadequate 
catchup growth and chronic renal failure prior to transplant: 
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Failure to Thrive 


Definition and Epidemiology 


Failure to thrive (FTT) is a descriptive term rather than 
diagnosis and is used for infants and children up to 5 years 
of age whose physical growth is significantly less than 
their peers of same age and sex. FIT usually refers to weight 
below 3rd or 5th centile, failure to gain weight overa period 
of time or a change in rate of growth that has crossed two 
major centiles, e.g. 75th to 50th, over a period of time. The 
prevalence of PTT varies according to the population 
sampled. 


Etiology 


Traditionally, FTT is classified as organic, where the child 
has some known underlying medical condition, and non- 
organic or psychosocial, where poor growth is the result of 
inadequate caloric provision and/or emotional deprivation. 
Organic and nonorganic etiological factors may coexist, 
e.g. in children with cerebral palsy or multiple congenital 
anomalies. FIT is nonorganic in up to 80% of cases. The 
common etiological factors are listed in Table 2.19. 


Clinical Features 


These children present with poor growth, often associated 
with poor development and cognitive functioning. The 
degree of FIT is usually measured by calculating weight, 
height and weight-for-height as percentage of the median 
value for age based on appropriate growth charts 
(Table 2.20). 

History, physical examination and observation of 
parent-child interaction are important. Detailed laboratory 
investigations are needed, only if history and physical 
examination suggest that an organic cause is responsible 
for FIT and to localize the systems involved. For initial 
evaluation, the following investigations are adequate: 
(i) complete blood count with ESR; (ii) urine and stool 
microscopy and culture and (iii) renal and liver function 
test and serum electrolytes. Weight gain in response to 
adequate calorie feeding establishes the diagnosis of 
psychosocial FTT. 





ABNORMALITIES OF HEAD SIZE AND SHAPE _ 


Head growth may be affected by abnormal growth of the 
skull bones or alterations in brain parenchyma, cerebro- 
spinal fluid or bone. 


Degree Weight-for-age 
(% of median) 
Mild 75-90 
Moderate 60-74 


Severe <60 


Table 2.20: Degree of failure to thrive 


Table 2.19: Causes of failure to thrive 
Organic 
Gastrointestinal: Gastroesophageal reflux, malabsorption, 
inflammatory bowel disease, pyloric stenosis 
Neurological. Mental retardation, cerebral palsy 
Renal: Renal tubular acidosis, chronic kidney disease 
Cardiopulmonary. Congenital heart disease, cystic fibrosis, 
asthma 
Endocrine: Hypothyroidism, diabetes mellitus 
Infections: Chronic parasitic infections of gastrointestinal 
tract, tuberculosis, human immunodeficiency virus 
Genetic: Inborn errors of metabolism, chromosomal 
anomalies 
Miscellaneous: Lead poisoning, malignancy 


Nonorganic 


Poverty 

Misperceptions or lack of knowledge about diet and feeding 
Lack of breastfeeding, feeding diluted formulae 
Dysfunctional parent child relationship 


Macrocephaly 


Macrocephaly is defined as an occipitofrontal arcumference 
greater than two standard deviations (SD) above the mean 
for age and sex (Table 2.21). Megalencephaly or enlargement 
of the brain parenchyma may be familial or associated with 
inherited syndromes or neurometabolic disease. Infants with 
benign familial megalencephaly have increased head size 
at birth that persists through infancy along the upper growth 
curve percentiles, and is associated with normal body size, 
neurologic examination and development. Children with 
metabolic causes have normal head circumference at birth; 
macrocephaly is noted as the child gets older. Diagnosis is 
suggested by accompanying features and biochemical 
abnormalities. 

Hydrocephalus, characterized by an excessive amount of 
CSF, may be caused by increased production, decreased 
absorption or obstruction to CSF flow. Most patients show 
postnatal rapid increase in head size and are symptomatic 
due to underlying disease or raised intracranial pressure 
(nausea, vomiting and irritability). Benign enlargement of 
the subarachnoid space is relatively common and is 
characterized by head growth velocity thatslows to normal 
by 6 months of age; development assessment and 
neurological examination are normal. 

Evaluation for macrocephaly is indicated, if the head 
circumference is above 3 SD of the mean for age and sex, or 


~~“. 


Weight-for-height 


Length/height-for-age 
(% of median) (% of median) 
90-95 81-90 
85-89 70-80 
<85 <70 
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~ Table 2.21: Causes of macrocephaly | 
Megalencephaly 


Benign familial 

Neurocutaneous syndromes: Neurofibromatosis, tuberous 
sclerosis, Sturge-Weber, Klippel-Trenaunay-Weber, linear 
sebaceous nevus 

Leukodystrophies: Alexander, Canavan diseases; megalen- 
cephalic leukoencephalopathy 

Lysosomal storage diseases: Tay-Sachs disease, muco- 
polysaccharidosis, gangliosidosis 

Others: Sotos disease, fragile X syndrome 


Increased cerebrospinal fluid 


Hydrocephalus 
Benign enlargement of subarachnoid space 
Hydranencephaly, choroid plexus papilloma 


Enlarged vascular compartment 


Arteriovenous malformation 


Subdural, epidural, subarachnoid or intraventricular 
hemorrhage 





Increase in bony compartment 

Bone disease: Achondroplasia, osteogenesis imperfecta, 
osteopetrosis, hyperphosphatasia, cleidocranial dysostosis 
Bone marrow expansion: Thalassemia major 


Miscellaneous causes 


Intracranial mass lesions: Cyst, abscess or tumor 
Raised intracranial pressure: \diopathic pseudotumor cerebri, 
lead poisoning, hypervitaminosis A, galactosemia 


when serial measurements reveal progressive enlargement, 
as suggested by an increase by >2 cm per month during 
first 6 months of life, or the crossing of one or more major 
percentile lines between routine visits. Measurement of head 
size in parents is useful in diagnosing familial cases. 
Majority of patients require cranial imaging, ultra- 
sonography or computed tomography (CT) scan. 

Children with asymptomatic familial megalencephaly 
or benign enlargement of the subarachnoid space do not 
require treatment. Infants with hydrocephalus may require 
neurosurgical intervention (e.g. placement of a ventriculo- 
peritoneal shunt). 


Microcephaly 


Microcephaly is defined as an occipitofrontal circum- 
ference more than 3 standard deviations (SD) below the 
mean for given age, sex and gestation. Defining micro- 
cephaly as >3 SD below the mean is more likely to be 
associated with genetic and non-genetic disorders affecting 
brain than if defined as >2 SD below the mean, since the 
latter may include intellectually normal healthy children 
with head circumference at the lower end of the population 
distribution. The term primary microcephaly is used to 
describe conditions associated with reduced generation of 
neurons during neural development and migration. 
Secondary microcephaly follows injury or insult to a 


tion in the numb 
in causing reduc | = 
eviously normal brain : aeons 
bf dend a rocesses and synaptic conn Micro. 
Sr genes s the term used for an 


7) icrencephaly) 1 dg 
isn nce. gee brain, based on ripe. eae 
imaging or neuropathology. Since head gr 1S driven 


lly implies micro. 
ai th, microcephaly usua’y - ; 
so ochale except in craniosynostosis 1 which skul] 


growth is res tricted). crocephaly are listed in Table 2.27 


Important causes of mi 
feclated inherited microcephaly, most commonly as an 


autosomal recessive phenotype, 1s associated with reduced 
head circumferences since birth, normal cerebral anatomy 
and absence of neurologic signs with or without learning 
difficulties. Other associations include structural brain 
malformations, inherited syndromes, congenital or acquired 
infections, hypoxic ischemic insults and rarely, metabolic 
disorders. 7% . 
Evaluation for microcephaly should be initiated, if a 
single head circumference measurement is more than 2-3 
SD below the mean or when serial measurements reveal 
progressive decrease in head size. Careful history and 
physical examination are necessary, including develop- 
ment assessment and measurement of head size of parents. 


Table 2.22: Causes of microcephaly 
Isolated microcephaly 
Autosomal recessive, autosomal dominant or X-linked 
Syndromic 
Trisomies 21, 18, 13 
Monosomy 1p36 deletion 
Syndromes: William, Cri-du-chat, Seckel, Smith-Lemli-Opitz, 
Cornelia de Lange, Rubinstein-Taybi, Cockayne, Angelman 
Structural diseases 
Neural tube defects (anencephaly, hydranencephaly, 
encephalocele, holoprosencephaly) 
Lissencephaly, schizencephaly, polymicrogyria, pachyagyria 
Metabolic disorders 
Phenylketonuria, methylmalonic aciduria, citrullinemia 
Neuronal ceroid lipofuscinosis 
Maternal: Diabetes mellitus, untreated phenylketonuna 
Infections 
Congenital: Cytomegalovirus, herpes Simplex virus, mete" 


varicella, toxoplasmosis, HIV, Syphilis, enterovirus 
Meningitis 


2 
—« 


Teratogens 


Alcohol, tobacco, marijuana, cocaine, heroin. toluene 
Antineoplastic agents, antiepileptic agents 
Radiation 


Perinatal Insult 

Hypoxic ischemic encephalopathy, hypoglycemia 
Endocrine 

Hypothyroidism, hypopituitarism, adrenal insufficiency 





Growth 
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Need for neuroimaging is determined by the age at onset, 
severity of microcephaly, head circumference in parents, 
history of antenatal insult(s) and associated clinical 
features. An abnormal head shape and ridges along the 
suture lines are suggestive of craniosynostosis. The 
prognosis depends upon the underlying cause, and is worse 
for secondary than primary microcephaly. 


Cranlosynostosis 


Craniosynostosis is the premature fusion of one or more 
cranial sutures, either major (e.g. metopic, coronal, 
sagittal, and lambdoid) or minor (frontonasal, 
temporosquamosal, and frontosphenoidal) (Fig. 2.23a). 
Cranial sutures normally fuse during early childhood, 
starting with the metopic suture (beginning at 2 months), 
followed by sagittal, coronal and lambdoid sutures (22- 
26 months), such that the frontonasal and frontozygomatic 
sutures close last (68-72 months). Premature fusion 
restricts the growth of the skull perpendicular to the 
affected suture. Compensatory skull growth occurs 
parallel to the affected suture in order to accommodate 
the growing brain. The resulting skull deformity is termed 
as scaphocephaly, plagiocephaly or trigonocephaly based 
on the suture involved (Fig. 2.23b to f). Cloverleaf skull 
deformity is caused by the fusion of multiple sutures and 












Metopic suture 


Frontal bone 


Anterior fontanel 
Coronal suture 


Sagittal suture 


Parietal bone 





Posterior fontanel 


Lambdoid suture 
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is associated with hydrocephalus. Patients with tower 
skull or acrocephaly have combined sagittal, coronal and 
lambdoid synostosis, often as part of Apert or Crouzon 
syndrome. Oxycephaly or turricephaly refers to a tall 
cranium resulting from delayed repair of brachycephaly, 
and is often syndromic. 

Apert syndrome is an autosomal dominant or sporadic 
disorder caused by defects in the fibroblast growth factor 
(FGF) gene, characterized by bicoronal synostosis and 
maxillary hypoplasia, associated with recessed forehead, 
flat mid face, protruding eyes, hypertelorism, antimongoloid 
slant of eyes and low-set ears. Most patients have a high 
arched palate, malocclusion, cleft palate and complex 
syndactyly (mitten hand). Other findings are strabismus, 
conductive hearing loss, airway compromise and severe 
acne. 

Crouzon syndrome is an autosomal dominant disorder 
caused by mutations in FGFR2 or FGFR3, and characterized 
by tall, flattened forehead (secondary to bicoronal synostosis), 
proptosis, beaked nose and midface hypoplasia. Many 
patients have cervical spine abnormalities. The degree of 
facial deformity is milder than in Apert syndrome and 
patients do not show cleft palate, syndactyly and mental 
retardation. Other conditions associated with cranio- 
synostosis are Carpenter syndrome and Pfeiffer syndrome. 








<I | 
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Fig. 2.23: (a) Head of normal neonate showing fontanels and sutures. The common forms of craniosynostosis (secondary to 
Premature fusion of sutures) Include; (b) Trigonocephaly (metopic suture); (c) Brachycephaly (bilateral coronal sutures); (d) Left 
anterior plagliocephaly (left coronal suture); (e) Scaphocephaly (sagittal suture); (f) Right posterior plagiocephaly (right lambdoid 
suture), Children with deformation plaglocephaly (g) have positional skull flattening without sutural fusion 
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Develooment 


NORMAL DEVELOPMENT 


Development refers to moturation of funcllons and 
acquisition of various skills for optimal functloning of an 
individual, The maturation and myelination of the 
nervous system 1s reflected in the sequential attainment 
of developmental milestones. Developmental milestones 
are important, easily identifiable events during the 
continuous process of development, cg. turning over, 
sitting, reaching for objects, and pointing to objects. 
While development is a global process reflected in new 
motor abilities and language, social and cognitive skills, 
intelligence pertains to the part of the development dealing 
with cognitive or adaptive behavior. Different researchers 
define intelligence variably; an objective measurement is 
done using multiple criteria in tests of intelligence quotient 


(IQ). 


Rules of Development 


To understand the complex process of human 

development, some basic facts should be understood: 

i. Development is a continuous process, starting tn utero 
and progressing in an orderly manner until maturity. 
The child has to go through many developmental stages 
before a milestone is achieved. 

i. Development depends on the functional maturation of the 
nervous system. Maturity of the central nervous system 
is essential for a child to learn a particular milestone 
or skill; no amount of practice can make a child learn 
new skills in its absence. However, in absence of 
practice, the child may be unable to learn skills despite 
neural maturation. 

The sequence of attainment of milestones is the same in all 

children. All infants babble before they speak in words 

and sit before they stand. Variations may exist in the 
time and manner of their attainment. 

. The process of development progresses in a cephalocaudal 
direction, Head control precedes trunk control, which 
precedes ability to use lower limbs. The control of limbs 
proceeds in a proximal to distal manner, such that hand 
use is learnt before control over fingers. 


pt 
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v, Certain primitive reflexes have to be lost before relevant 
milestones are attained. Palmar grasp 1s lost before 
voluntary grasp is attained and the asymmetric tonic 
nuck reflex has to disappear to allow the child to 
turnover, 

The Initial disorganized mass activity is gradually replaced 
by specific actions. Hence, when shown a bright toy, a 
3-4-month-old squeals loudly and excitedly moves 
all limbs, whereas a 34-year-old may just smile and 
ask for it. 


Vi, 


Factors Affecting Development 


Development depends ona variety of mutually interactive 
factors such as hereditary potential, biological integrity, 
physical and psychosocial environment and emotional 
stimulation. The brain matures through a dynamic 
interplay of genetic, biological and psychosocial factors. 
Infancy and early childhood are the most crucial phases 
during which development takes place. 

_Appropriate sensory inputs through hearing and 
vision, a secure environment and responsive parenting 
provide the bases for healthy patterns of learning, behavior 
and health. Poverty is among the most important risk 
factors associated with poor development. Poverty 
exposes the child to many other risk factors buch as lack 
of stimulation Or excessive stress, malnutrition, exposure 
to environmental toxins, and concurrent dicsnces that 


adversely affect development. The f 
child development are listed below. actors that influence 


Prenatal Factors 


deletions, single gene disorders 
formation (lissencephaly) and 
(phenylketonuria) for dey 
subsequent mental retardation 


Causing disorders of brain 
Other metabolic disorders 
elopmental delay and 


(MR). 
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Maternal factora: A host of factors which impair growth 
I titerd also can potentially affect brain growth, particularly 
they are severe and/or sustained: 

1, Maternal wntrition; Maternal malnutrition (of macro- 
Nulrlent as well as micronutrients) has adverse effect 
on birth weight and child development. Studies from 
developing countries suyyvest that nutrition supple- 
ments Including multiple micronutrient supplements 
have positive impact on birth weight as well as child 
development. | 

Il, Exposure to drugs and toxins: Various drugs and toxins 
such as maternal drug or alcohol abuse, antiepileptic 
drugs and environmental toxins can have adverse 
effect on child development. 

I, Maternal diseases and infections: Pregnancy-induced 
hypertension, hypothyroidism, malnutrition and feto- 
placental insufficiency due to any cause. Acquired 
infections (c.g. syphilis, toxoplasmosis, AIDS, rubella, 
CMV, herpes) impact fetal physical and brain growth. 
Exposure to free radicals and oxidants in utero (e.g. 
chorioamnionitis) has been incriminated in the 
causation of cerebral palsy and developmental 
impairment, 


Neonalol Risk Factors 


Intrauterine growth restriction: Intrauterine growth 
restriction (IUGR) indicates constraints in fetal nutrition 
during a crucial period for brain development. In 
developing countries, IUGR is mainly due to poor 
maternal nutrition and infections. IUGR infants are 
disadvantaged compared to their normal birth weight 
counterparts in terms of short-term as well as long-term 
neurocognitive development. 


Prematurity: Babies born before 37 weeks of gestation are 
more likely to have developmental impairment compared 
to term counterparts with babies born before 32 weeks 
gestation being at the highest risk. 


Perinatal asphyxia: Significant asphyxia occurs in 
approximately 2% of total births. Studies have indicated 
that over 40% of survivors of significant asphyxia suffer 
from major neurocognitive disabilities. 


Postneonatal Factors 


Infant and child nutrition: Severe calorie deficiency, as 
evident by stunting, is associated with apathy, depressed 
affect, decreased play and activities and insecure 
attachment. Calorie deficiency is often associated with 
deficiency of multiple micronutrients and vitamins that 
contribute to developmental impairment. 

Linear growth retardation or stunting occurs mn nearly 
one-third of children aged less than 5 years In low-income 
and middle-income countries. There is positive association 
between early height-for-age and cognitive or language 
ability, rates of school enrolment and grades attained by 
late adolescence and formal employmentat age 20-22 years. 


Early growth faltering (<24 months) seems to be more 
detrimental to childhood development. 


Iron deficiency: {ron deficiency has been shown to be 
associated with electrophysiological evidence of delayed 
brain maturation, poorer cognitive, motor and social- 
emotional development in infancy and early childhood. 


Iodine deficiency: Iodine is a constituent of thyroid 
hormones, which affect central nervous system 
development and regulate many physiological processes. 
lodine deficiency can lead to congenital hypothyroidism 
and irreversible mental retardation, making it the most 
common preventable cause of mental retardation. 
Children growing in iodine deficient areas have anIQ 12.5 
points lower than those growing in iodine sufficient areas. 


Infectious diseases; A variety of infectious morbidities 
such as diarrhea, malaria, other parasitic infections and 
HIV are associated with poorer neurodevelopment. 


Environmental toxins: Children exposed to environmental 
toxins (lead, arsenic, pesticides, mercury and polycyclic 
aromatic hydrocarbons) prenatally through maternal 
exposure and postnatally through breast milk, food, water, 
house dust, or soil] can have adverse influence on their 
neurocognitive development. 


Acquired insults to brain: Traumatic or infectious insults 
(meningitis, encephalitis, cerebral malaria) and other 
factors (near drowning, trauma), particularly during early 
years of life, can have a permanent adverse effect on brain 
development. 


Associated impairments: Impairments particularly those 
involving sensory inputs from the eyes or ears can havea 
significant impact on attainment of milestones. Early 
detection and management of hearing and visual 
impairments constitutes an important intervention for 
promoting child development. 


Psychosocial Factors 


During the critical period of development and learning, 
several social factors have an important bearing on not 
only cognition but also attitudes, social-emotional 
competence and sensorimotor development. 


Parenting: Cognitive stimulation, caregiver's sensitivity 
and affection (emotional warmth or rejection of child) and 
responsiveness to the child in the setting of other factors 
such as poverty, cultural values and practices have an 
important bearing on child development. Apart from 
these, parental attitudes, involvement, education and 
desire for the child also have an impact on the develop- 
ment of the child. 


Poverty: This is possibly the most common underlying factor 
for impaired child development worldwide. It acts 
throughout the lifetime of the individual and also affects 
the next generation. 
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Lack of stimulation: Social and emotional deprivation and 
lack of adequate interaction and stimulation is an 
important cause of developmental impairment, 
particularly evident in the setting of poverty. 


Violence and abuse: Domestic and community violence 
are emerging threats to child development. Child abuse, 
physical and sexual, can have a profound psychological 
effect on the child. Problems of attention and cognition 
are more common in children exposed to violence or abuse. 


Maternal depression: Low to middle income countries 
have a high incidence of maternal depressive symptoms, 
which is negatively associated with early child 
development and quality of parenting by virtue of 
unresponsive caregiving. 


Institutionalization: Institutional care (e.g. orphanages) 
during early life increases the risk of poor growth, ill- 
health, attachment disorders, attention disorders, poor 
cognitive function, anxiety, and autistic-like behavior. 

The interaction of risk factors and protective factors 
interact to determine the developmental trajectory of a 
child (Fig. 3.1). In presence of protective factors, children 
attain their developmental potential. Presence of a variety 
of risk factors in early life lowers the developmental 
trajectory of the child. Timely intervention can help 
children achieve near normal potential. 


Protective Factors 


Breastfeeding: Breastfeeding has a protective and 
promotive effect on childhood development. 


Maternal education: Maternal education is a protective 
factor reducing child mortality and promoting early child 
development. Infant and young children of educated 
mothers have higher levels of cognitive development. 


Behavioral competence trajectories 


— Optimum | | 
— Recovery 


— Below potential 




















eduction in risk factors, 
increase in protective factors, 
or intervention during a 
sensitive period 


Protective > risk 
factors 


Brain function 


Risk factors > protective factors 
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Prenatal Birth Early childhood Adolescence Adulthood 


Fig. 3.1: Differing trajectorles of brain and behavioral 
development as a function of exposure to risk and protective 
factors. Reproduced with permission from Walker, et al. 
Inequalities In early childhood, Lancet 2011;378:1325-38 
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Gross Motor Development 


Motor development progre 
ultimate attainment of loc 
motor tasks thereafter. In an In 
observed as follows: 


Supine and pull to sit: The infant is observed in supine 
and then gently pulled to sitting position. Control of head 
and curvature of the spine is observed. In the newbom 
period, the head completely lags behind and back is 
rounded (Fig. 3.2). Starting at 6 weeks, the head control 
develops and by 12 weeks there is only a slight head lag. 
The spine curvature also decreases accordingly (Fig. 3.3). 


sses in an orderly sequence to 
omotion and more complex 
fant, it is assessed and 
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Fig. 3.2: Pull to sit; complete head lag In a newborn 
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Fig. 3.4: Pull to sit; flexes the head onto chest at 5 months 


The child has complete neck control by 20 weeks (Fig. 3.4). 
This can be ascertained by swaying him gently ‘side-to- 
side’ when sitting. At this age, the baby loves to play with 
his feet, and may take his foot to mouth as well, Infant 
lifts head from the supine position when about to be pulled 
at 5 months. 


Ventral suspension: The child is held in prone position 
and then lifted from the couch, with the examiner 
supporting the chest and abdomen of the child with the 
palm of his hand. Up to 4 weeks of age, the head flops 
down (Fig. 3.5). At 6 weeks, the child momentarily holds 
head in the horizontal plane and by 8 weeks, he can 
maintain this position well (Fig. 3.6). By 12 weeks, he can 
lift his head above the horizontal plane (Fig. 3.7). 


Prone position: At birth or within a few days, the newborn 
turns the head to one side. At 2 weeks, the baby lies on 
the bed with high pelvis and knees drawn up (Fig. 3.8). 
At 4 weeks, the infant lifts the chin up momentarily in the 
midline. The infant lies with flat pelvis and extended hips 
at 6 weeks (Fig. 3.9). By 8 weeks, face is lifted up at 45° 
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unable to hold neck in the fine with 


Fig. 3.5: Ventral suspension; 
frunk at 4 weeks 
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Fig. 3.7:Ventral suspension; head in line with the tuk at 12 WERS 





Fig. 3.8: The infant fies on the bed with ign pews and ines: 
drawn up ct 2 weeks (Photo courtesy: Dr Yhoy % Charch!, 
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Fig. 3.9: The infant fies win fict D2'’s ond enenoss nos ot 
6 weeks (Phofo Courtesy. Dr Vicy « Charcn} 
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(Fig. 3.10) and by 12 weeks, the child can bear weight on 
forearms with chin and shoulder off the couch and faceat | 
45° (Fig. 3.11). At6 months, he can lift his head and greater 
part of the chest while supporting weight on the extended | 
arms (Fig. 3.12). Between 4 and 6 months, he learns to roll | 
over, at first from back to side and then from back to | 
stomach. By the age of 8 months, he crawls (with abdomen 

on the yround) and by 10 months, creeps (abdomen off | 
the ground, with weight on knees and hands) (Fig. 3.13). 





Sitting: By the age of 5 months, the child can sit steadily 
with support of pillows or the examiner’s hands (Figs 3.14 
and 3.15). At first the back is rounded but gradually it ee - 
straightens (Figs 3.14 and 3.15). He independently sits with » at 10 months of age (abdomen of 


: 5 a # ; itlo 
his arms forward for support (tripod or truly ‘sitting with that keegan ge hands and knees (Photo courtesy: 


owt unr — . Vijay K Charch) 
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Fig. 3.10: In prone; face lifted to about 45° at 8 weeks 





Fig. 3.14: Sitting; back round dat 
8 weeks ed but able to hold hea 


i 


Fig. 3.11: In prone; face, head and chest off the couch at 3 
months 





Fig. 3.12: In prone; weight on hands with extended arms at 6 
months 


i 


Fig. 3.15: | 
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support’) by the ace of 6-7 months (Fig. 3.16). Steady = Standing and walking: By 6 months, the child can bear 
sting without anv support generally develops ataround almost all his weight when made to stand (Fig. 3.19). At 
§ months (Fig. 317). By 1-11 months, he can pivot in 9 months, the child begins to stand holding onto furniture 
stung position to play around with tovs (Fig. 3.18). and pulls himself to standing position. By 10 and 

11 months, the child starts cruising around furniture 
(Fig. 3.20). At about 12-13 months, the child can stand 
independently (Fig. 3.21) and can walk with one hand held 
(Fig. 3.22). Between the ages of 13 and 15 months, the child 
starts walking independently. He runs by 18 months, and 
at this age he can craw] up or down stairs and pulls a doll 
or wheeled toy along the floor. By 2 years, the child can 
also walk backwards. He climbs upstairs with both feet 
on one step at 2 years. By 3 years he can climb upstairs 
with one foot per step and by + years he can move down 
the stairs in the same fashion (Fig. 3.23). He can ride a 
tricycle at 3 years. He can hop at + years and skip at 
3 years (Table 3.1). 
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Fig. 3.17: Simng without support at & months 
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} Aig. 3.20: Cruising around fumiture at 10 to 
Fig. 3.18: Pvotng: tums around fo ck up an anjectot limontns — (Phovo courtesy: Dr Vijay K Charchy) 
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Age 
. | 3 months ; 
| 5 mows Rooks over : ae ah own 
| Sits in tripod fashion (s#ang™ manner 


mer a 






} 

i 

6 momns 

; ating waihout 

, ese sands hoxéing on (with SuppOrt 

9 mon ai aiks but falls; Stands wehout Sto 
12 months Creeps upstairs 

45 months Walks alone; Creeps 





- drawers 
months Runs; explores 
Rides tricycle: altemate feet going upstairs 


3 years : 
j Hops on one foat, altemate feet going Cownstar, 


4 years 
Fine Motor Sxill Developmen | 
This primarily involves the development of fr: 
manipulation skills and coordination with age- 


i. ee 


Fig. 3.21: Stands independently at 12 months 
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Hand eve coordination: Between 12 and 20 weeks, 2: 
child observes his own hands very intently, this is calle: 
hand regard (Fig. 3.24). Its persistence after 20 weels x 
considered abnormal. At 3 to 4 months, hands of the chil: 
come together in midline as he plays (Fig. 3.25). If a red 
ring is dangled in front of him, he fixes his attenton on: 
and then tries to reach for it (Fig. 3.26). Initially, he mzv 
overshoot but eventually he gets it and brings it to hs 
mouth. 

Grasp is best assessed by offering a red cube to the cul 
A 6-month-old infant reaches and holds the cube (larset 
object) in a crude manner using the ulnar aspect of hs 
hand (Fig. 3.27). He can transfer objects from one hand? 
other by 6-7 months. The child is able to grasp from the 
radial side of hand at 8-9 months (Fig. 3.28). By the age“ 

: = 1 year, mature grasp (index finger and thumb) is evide™ 

Fig. 3.22: Child walking with one hand-held at 12-13 months (Fig. 3.29). 

By offering pellets (smaller object), finer hand skills 2 
assessed. By 9-10 months, the child approaches the pellet 





Fig. 3.23: The child Is able to walk upstairs and downstairs one 
foot per step at 4 years Fig. 3.24: Hand regard (be iii Sar a ; 
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Fig. 3.28: Intermediate grasp at 8 months, beginning to use 
radial aspect of the hand 





4 months of age 





Fig. 3.29: Mature grasp at 1 year of age, note the use of thumb 
and Index finger 





Fig. 3.26: Bidextrous grasp approach to a dangling ring at 
4 months 





Fig. 3.30: Pincer grasp approach to small objects (index finger 
and thumb) 


by an index finger and lifts it using finger thumb 
apposition, termed ‘pincer’ grasp (Fig. 3.30). 


Hand-to-mouth coordination: At 6 months, as the ability 
to chew develops, the child can take a biscuit to his mouth 
and chew. At this age, he tends to mouth all objects offered 
to him (Fig. 3.31). This tendency abates by around 1 year 
of age (Fig. 3.32). By this age, he tries to feed self from a 
cup but spills some of the contents. By 15 months, the child 
can pick up a cup and drink from it without much spilling. 
By 18 months, he can feed himself well using a spoon. 
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Rig. 3.31: A Child mouthing an object at 6 months of age 


Fig. 3.33: Scribbles spontaneously at 15 months 


Table 3.2: Key fine motor milestones 





Age Milestone 
4 months Bidextrous reach (reaching out for objects 
with both hands) 
6 months Unidextrous reach (reaching out for objects 
with one hand); transfers objects 
9 months Immature pincer grasp; probes with forefinger 
12 months Pincer grasp mature 
15 months Imitates scribbling; tower of 2 blocks 
Fig. 3.32: Feeding from a cup at 12 months of age 18 months Scribbles; tower of 3 blocks 
. 2 years Tower of 6 blocks; vertical and circular stroke 
Advanced hand skills: With advancing age, the child can 3 years Tower of 9 blocks; copies circle 
use hands to perform finer activities. Much of the 4 years Coni “ue 
advanced skills depend partly on the opportunity given ples cross; bridge with blocks 


by the caretakers to the child. At around 15 months, he 5 years Copies triangle; gate with blocks 
turns 2-3 pages of a book at a time and scribbles on a 
paper, if given a pencil (Fig. 3.33). By 18 months, he can 
build a tower of 2-3 cubes and draw a stroke with pencil. 
By 2 years, he can unscrew lids and turn doorknobs and 
his block skills also advance (Table 3.2, Fig. 3.34). He now 
draws a circular stroke. He now can turn pages of a book, 
one at a time. 

Drawing and block skills at various ages are shown in 
Figs 3.35 and 3.36, respectively. In general, copying of the 
skill comes 6 months after imitating the skills (doing it 
while seeing). 


Dressing: Between 18 and 30 months of age, children are 
very eager to learn dressing skills. Undressing being 
easier, is learned before dressing. At 1 year, the child starts 
to pull off mittens, caps and socks. At around 18 months, 
he can unzip, but fumbles with buttons. By 2 years, he 
can put on shoes or socks and can undress completely. By 
3 years, he can dress and undress fully, if helped with 
buttons. By 5 years, he can tie his shoelaces as well. Fig. 3.34: A child makes tower of 5~6 cubes at 2 years of 09° 
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Personal ond Social Development and 
Genero! Understancing 
4’A years 


Much of the cognitive development and understanding 
is reflected by the attainment of important milestones tn 
this sphere. Beginning at around 1 month, the child 
intently watches his mother when she talks to him 
(Fig. 3.37). He starts smiling back (social smile) when 
anyone talks to him or smiles at him by 6-8 weeks of age 
(Fig. 3.38). It is important to differentiate social smile from 
spontaneous smile (smile without any social] interaction), 
which is present even in neonates. By 3 months, he enjoys 
looking around and recognizes his mother. By 6 months, 
he vocalizes and smiles at his mirror image (Fig. 3-39), 
and imitates acts such as cough or tongue proirusion 
The child becomes anxious on meeting sirangers 
(stranger anxiety) by 6-7 months of age. At this age, he 


inhibits to “no”. At 9 months, he waves “bye-bye” and 
also repeats any performance that evokes an appreciatve 


Fig. 3.35: Drawing skills at various ages response from the observers. By 1 year, he can understand 







15 months 18 months 
(tower of 2 blocks) (tower of 3 blocks) 


2 years (train) 


4 years (bridge) 





Fig. 3.36: Block skills at various ages 


Essential Pediatrics 








mother's face as she talks to him 





Fig. 3.39: A child smiles at himself In the mirror at 6 months of 
age 


aT 433!’ Key social and adaptive milestones 
Milestone 


Si h Social smile (smile after being talked to) 

: posi Recognizes mother, anticipates fade 

6 months Recognizes strangers, stranger anxiety 

5 “bye bye” 
er iat oe called; plays simple ball game 
argon 

i: Cael eed parents in task (e.g. sweeping) 

2 years Asks for food, drink, toilet; pulls people to 
show toys 

3 years Shares toys; knows full name and gender 

4 years Plays cooperatively in a group, goes to toilet 
alone 

5 years Helps in household tasks, dresses and 
undresses 


tf 4k 


simple questions, such as “where 1s papa , where is your 
ball”, etc. By 15 months, he points to objects in which he 
is interested. By 18 months, he follows simple orders and 
indulges in domestic mimicry (imitates mother sweeping 
or cleaning). At 2 years, when asked he can point to 5-4 
familiar objects, name at least 2-3 objects and point to 
3-4 body parts. He begins to count, identify 1-2 colors 
and sing simple rhymes by age of 3 years. Much of these 
milestones depend on the caretaker’s interaction and 
opportunities provided to the child. The left and right 
discrimination develops by 4 years. By this age, play 
activities are also very imaginative. By 5 years of age, 
children can follow 3 step commands, identify four colors 
and repeat four digits (Table 3.3). 


Language 


Throughout the development of language itis the receptive 
ability and understanding, which precedes expressive abilities. 
Soon after appearance of social smile at around 6 to 8 
weeks, the child begins to vocalize with vowel sounds 
such as ‘ah, uh’. At 3-4 months, he squeals with delight 
and laughs loud. He begins to Say ‘ah-goo’, ‘gaga’ by 5 
months of age. By 6 months, he uses monosyllables (ba, 


da, pa). Later, he joins conson . 
ants to ‘lables 
(mama, baba, dada). form bisylla 


Before developing true meaningful speech, at around 
9-10 months, the child learns to imitate sounds derived 
from his native language. At his first birthday, he can 
usually say 1-2 words with meaning. At 18 cia he 
has a vocabulary of 8-10 words. Thereafter, the vocabulary 
increases rapidly to around 100 words b 2 "ents; at 
which time 2-3 words are joined to form sim ste ponents 
By 3 years, the toddler continually asks ncaa an 
knows his full name. He can give a echersait account 


of recent experiences and event 
Sb rears 
(Table 3.4). y the age of +5 
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Table 3.4: Key language milestones 


Age Milestone 

1 month Alerts to sound 

3 months Coos (musical vowel sounds) 

4 months Laugh loud 

6 months Monosyllables (ba, da, pa), ah-goo sounds 

9 months Bisyllables (mama, baba, dada) 

12 months 1-2 words with meaning 

18 months 8-10 word vocabulary 

2 years 2-3 word sentences, uses pronouns “|”, “me”, 
“you" 

3 years Asks questions; knows full name and gender 

4 years Says song or poem; tells stories 

5 years Asks meaning of words 


Vislon and Hearing 


Adequate sensory inputs are essential for development. 
Both normal vision and hearing are of paramount 
importance for child development. The ability to see and 
hear is apparent even in the newborn. Thereafter 
maturation of visual and hearing pathways are reflected 
by specific visual and auditory behaviors. 


Vision: The best stimulus to check visual behavior is the 
primary caretaker’s face. At birth, a baby can fixate and 
follow a moving person or dangling ring held 8-10 inches 
away up toa range of 45°. This increases to 90° by 4 weeks 
and 180° by 12 weeks. At around 1 month, the baby can 
fixate on his mother as she talks to her (Fig. 3.40). 

At about 3-4 months, the child fixates intently on an 
object shown to him (‘grasping with the eye’) as if the child 
wants to reach for the object (Fig. 3.41). Binocular vision 
begins at around 6 weeks and is well established by 4 
months. By 6 months, the child adjusts his position to 
follow objects of interest, can follow rapidly moving 
objects by 1 year. Later the child displays more maturity 
in vision by not only identifying smaller objects but also 
being able to recognize them. 





Fig. 3.40: Infant fixates on her mother as she talks to her at 
1 month 








Fig. 3.42: Diagonal localization of the source of sound at 
10 months 


Hearing: Newborns respond to sounds by startle, blink, 
cry, quieting or change in ongoing activity. By 3 to 
4 months, the child turns his head towards the source of 
sound. Hearing, may be checked by producing sound 1% 
feet away from the ear (out of field of vision), and a pattern 
of evolving maturity of hearing can be observed. At 5 to 
6 months, the child turns the head to one side and then 
downwards, if a sound is made below the level of ears. 
One month later, he is able to localize sounds made above 
the level of ears. By the age of 10 months, the child directly 
looks at the source of sound diagonally (Fig. 3.42). 


Developmental Assessment 


Developmental delay is estimated to be present in about 
10% of children. It is possible to recognize severe develop- 
mental disorders early in infancy. Speech impairment, 
hyperactivity and emotional disturbances are often not 
detected until the child is 3-++-year-old. Learning disabilities 
are not picked up until the child starts schooling. 
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Prerequisites 


The development assessment should be assessed in a 
place, which is free from distractions. It is important that 
the child should not be hungry, tired, ill or irritated at 
time of development assessment. It would be desirable to 
assess him when he is ina playful mood with mother being 
around. Adequate time should be spent in making the 
child and family comfortable. Observation for alertness, 
concentration and skills of the child is an integral part of 
assessment. The assessors must carry a development kit 
(Box 3.1). 


Steps 


History: A detailed history is the starting point for any 
development assessment. Observations by parents are 
very informative. Hence, a well-taken history will help in 
(i) determining the details of probable risk factors affecting 
development, (ii) evaluation of rate of acquisition of skills 
and differentiating between delay and regression, and (iii) 
forming a gross impression about the development age 
of the child. This helps to choose the appropriate tools for 
further evaluation and confirmation. 


Examination; This should be done to (i) assess physical 
growth and head circumference, (ii) do a physical 
assessment particularly for presence of dysmorphic 
features, stigmata of intrauterine infections and signs of 
hypothyroidism, (iii) assess vision and hearing, and (iv) 
conduct neurological examination and examine for 
primitive reflexes (if required). 

Adequate time should be spent in observing the baby 
especially social responsiveness, alertness, concentration, 
interest and distractibility. It would be appropriate to 
assess vision and hearing at the outset so that further 
observations are not confounded by lack of sensory 
stimuli. The vocal responses, particularly the nature, 
frequency and quality are noted. Subsequently, fine motor 
skills should be assessed, including the interest, alertness 
and rapidity of responses. 

The annoying maneuvers, such as assessment of 
reflexes, measuring head circumference, and performing 
ventral suspension or pull to sit should be done at the 
end. It is preferable to perform the developmental 
assessment before the systemic examination so that the 
child’s cooperation is solicited. 





Box 3.1: Equipment for development assessment 
© A red ring (diameter 6-7 cm) tied to a string 

¢ Nine red cubes 
_ © Paper pellets 
- * Spoon 
_* Cup with handle ' 
_* A book with thick pages 
*® Picture book 
Red pencil, paper _ \ 
© Dolland mirror. | .* <9 





uation, one should be able t, 

By the sect oe the neurological status ang 
edly oe sofia are within normal range OF not. Significans 
ae ewan g is an indication for a detailed forma 
seseesmna of development status. we apuesy one cas 
assign developmental quotient ( Y develop. 


mental sphere. It is calculated a 
Average age at attainment 100 
Observed age at attainment 

A DQ below 70% is taken as delay and ee detailed 
evaluation. To obtain a DQ of a child, a fo assessment 
by an individual trained in developmental —— using 
appropriate tools/tests 1s needed. There are sever tests 
to assess DQ. Each test has its own psychometric properties, 
They give different kinds of estimates of development like 
an overall score of development and subscores for gross 
motor, fine motor, visual perception, receptive language, 
expressive language, etc. | 

10 tests an assess the cognitive/ adaptive behavior 
part of the development. The age at which a particular 
test can be applied depends on the test items. However, 
in younger children (<5 years), it is more meaningful to 
have a global assessment of abilities; hence DQ testing is 
more comprehensive. Specific IQ tests (Stanford-Binet 
intelligence scales) are available to asses IQ starting from 
2 years of age. 


Interpretation 


In babies born preterm, corrected age rather than postnatal 
age is used for determining developmental status till 
2 years of age. For example, a child born at 32 weeks gesta- 
tion (gestational age) seen at 12 weeks of age (postnatal 
age) should be considered as a 4-week-old (corrected age) 
child for developmental assessment. 

While drawing any conclusions about development, 
one should remember the wide variations in normality. 
For example, let us consider the milestone of standing 
alone. The average age for attainment of this milestone in 
a WHO survey was 10.8 months (Fig. 3.43). However, the 
3rd and 97th centiles for normal children were 7.7 and 
15.2 months, respectively. The same is true for many other 
milestones as is shown in Fig. 3.43. The bars illustrate the 
age range for normal children to attain that particular 
milestone. This range of normalcy should always be kept 
in mind while assessing development. 

Retardation should not be diagnosed or suggested on 
a single feature. Repeat examination is desirable in any 
child who does not have a Bross delay. Factors such as 
recent illness, significant malnutrition. emotional 
deprivation, slow maturation, sensory deficits and 
neuromuscular disorders Should be taken into aeeount. 

At times, there can be significant variations if 
attainment of milestones in individual fields. this is called 
dissociation. For example, a 1-year-old child who speaks 
2-3 words with meaning and has finger thumb opposition 
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Fig. 3.43: Windows of achievement of six major motor milestones (WHO; Multicenter Growth Reference Study Group, 2006) 


(10-12 months), may not be able to stand with support 
(less than 10 months), Such children require evaluation 
for physical disorder affecting a particular domain of 
development. A child having normal development in all 
domains except language may have hearing deficit. 

Table 3.5 gives the upper limits by which a milestone 
must be attained. A child who does not attain the milestone 
by the recommended limit should be evaluated for cause 
of developmental delay. 

The predictive value of different domains of develop- 
ment for subsequent intelligence is not the same. Fine 
motor, personal-social and linguistic milestones predict 
intelligence far better than gross motor skills. In particular, 
an advanced language predicts high intelligence in a 
child. 


"Table 3.5: Upper limit of age for attainment of milestone 


Milestone Age 
Visual fixation or following 2 months 
Vocalization 6 months 
Sitting without support 10 months 
Standing with assistance 12 months 
Hands and knees crawling 14 months 
Standing alone 17 months 
Walking alone 18 months 
Single words 18 months 
Imaginative play 3 years 


Loss of comprehension, single words or phrases at any age 


Adapted from WHO; MGRS group, WHO motor development study, Acta 
Pediatr 2006;450:86-95 


Development Screening Tests 


Screening is a brief assessment procedure designed to 
identify children who should receive more intensive 
diagnosis or assessment. Screening tools are standardized 
instruments to evaluate development. The administration 
of these tools should be done after proper training and 
with a sound knowledge of interpretation of the results. 
Some tools are parent reported while others require 
trained personnel. Assessment using screening tools 
potentially aids in early identification of children who 
need a more detailed assessment and possibly interven- 
tions. It also provides an opportunity for early identifica- 
tion of comorbid developmental disabilities. 


Developmental Surveillance 


Child development is a dynamic process and difficult to 
quantitate by one-time assessment. During surveillance, 
repeated observations on development are made by a 
skilled physician over time to see the rate and pattern of 
development. Periodic screening helps to detect emerging 
disabilities. The physician should choose a standardized 
developmental screening tool that is practical and easy to 
use in office setting. Once skilled with the tool, it can be 
used as screening method to identify at risk children. 
Screening tests popular in the west include Parents’ 
Evaluations of Development Status (PEDS) and Ages and 
Stages Questionnaires (ASQ). Screening tools used in India 
are described below, 


Phatak’s Baroda screening test: This is India’s best known 
development testing system that was developed by Dr. 
Promila Phatak. It is meant to be used by child 

















psychologists rather than physicians. It is the Indian 
adaptation of Bayley development scale and is applied to 
children up to 30 months. It requires several testing tools 
and objects that are arranged according to age. The kit is 
available commercially. 


Ages and stages questionnaire (ASQ-3): It consists of age- 
based, parent-completed questionnaires that can be used 
from one month to 5% years of age. It assesses the 
following domains: Communication, gross motor, fine 
motor, problem solving, and personal-social. There are 
about 30 items per questionnaire about the child's abilities. 
The questionnaire takes about 10-15 minutes for parents 
to complete and about 2-3 minutes to score. 


Denver II: The revised Denver development screening test 
(DDST) or Denver II was revised in 1992 and assesses child 
development in four domains, i.e. gross motor, fine motor 
adaptive, language and personal-social behavior, which 
are presented as age norms, just like physical growth curves. 


Trivandrum development screening chart: This screener 
has been revised in 2013. It consists of 51 items for children 
of 0-6 years. The norms have been adapted from various 
existing developmental charts/scales. It is primarily a 
screening tool for use in the community to identify 
children between 0 and 6 years with developmental delay. 


Clinical adaptive test and clinical linguistic and auditory 
milestone scale (CAT/CLAMS): This easy to learn scale 
can be used to assess the child’s cognitive and language 
skills. It uses parental report and direct testing of the 
child’s skills. It is used at ages of 0-36 months and takes 
10-20 min to apply. 


Goodenough-Harris drawing test: This simple nonverbal 
intelligence test requires only a pencil or pen and white 
unlined paper. Here the child is asked to draw a man in 
the best possible manner and points are given for each 
detail that the child draws. One can determine the mental 
age by comparing scores obtained with normative sample. 
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Definitive Tests 


These tests are re 
assessment is Rona 
accurately de ine yaa ss 
sphere. For example, by eed meal ae hoe 
mance abilities and personal Tae Aa = ce 
be differentially quan ed. Some comm les 
used are detailed in Table 3.6- 


’ d once screenin: . ; 
quire | They are primarily aimed . 
e impairments in both degree 2-3 


Early Stimulation 


Infants who show or early signs of devCopmensi 


delay need to be provided Ggporaeniss Se ee 
body control, acquisition of motor bie a icles 
development and psychosocial ae - 5ifex Di ae ¥ 
termed early stimulation, include Sta ee 
making additional efforts to make the s oF wae, 
giving toys to manipulate, playing with the child, show=e 
objects, speaking to the child and encouraging Atm i 
speak and prompting the child to interact with othes. 
etc. 

There is a general lack of evidence for effectivencss cr 
these early interventions in improving neurodevelcr- 
mental outcome and motor abilities. However, studies 
premature babies, cerebral palsy, institutionalizec 
children and other children at high risk for adverse neue 
developmental outcomes suggest that these inferveniors 
are effective, if started early. Systematic reviews sugges 
that the effect of these interventions is sustained in E= 
childhood. 


Promoting Development by Effective Parenting 


Comprehensive care to children requires focus c= 
preventive efforts including child-rearing information 2 
parents. Parenting has an immense impact on emotonz. 
social and cognitive development and also plavs 2 men 
the later occurrence of mental illness, educational fue 
and criminal behavior. Creating the right conditions <r 
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SUNT Table 3.6: Scales tor definitive testing of intellect and neurodevelopment 
- Name of the test Age range Time taken to administer Scoring details; comments 
| Bayley scale for infant 1 months to 30-60 min Assesses language, behavior, fine motor 
development Il 3.5 years gross motor and problem-solving skis: 
i provides mental development index anc 
) : psychomotor developmental index 
Wechsler intelligence 6 to 17 years 65-80 min Assesses verbal and performance skills. 
"scale for children IV provides full scale IQ and indices of vere 
comprehension perceptual reason! eT 
Ng. 
_ working memory and processing spesd 
Stanford-Binet intelligence 2 to 85 years 50-60 min Provides full scale IQ, verbal IQ = 
a. one 2 » Rovers 
‘scales, 5th edition IQ, 10 subset scores and 4 composite scores 
Vineland adaptive 0 to 89 years 20-60 min Measures personal and social skitis as 
behavior scale || reported by the caregiver or parent, in 
= 4 domains (communication, daily living 
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early childhood developmentis likely to be more effective 
and less costly than addressing problems at a later age. 


Television Viewing and Development 


Television viewing in younger children has been shown 
to retard language development. It is a passive mode of 
entertainment and impairs children’s ability to learn and 
read, and also limits creativity. Children can pick up 
inappropriate language and habits by watching TV shows 
and commercials. Violence and sexuality on television can 
have a lasting impact on the child’s mind. Parents need to 
regulate both the quantity and quality of TV viewing, 


limiting the time to 1-2 hours per day and ensuring that 
the content they see is useful. 


Child Development in Global Perspective 


According to estimates, 250 million children (43% of all 
children) under the age of five in developing countries are 
at high risk of not reaching their developmental potential 
due to stunting, poverty and disadvantaged environment. 
Experts have drawn attention towards this critical aspect 
of care of children, emphasizing the importance of nutrients 
and nurturing during the critical first 1000 days of life. 
Nurturing care is care which ensures health, nutrition, 
responsive caregiving, safety and security, and early 
learning (Fig. 3.44). Early childhood development programs 
and other interventions such as breastfeeding, nutrition, 
interactive play and stimulation, prevention of infections, 
and learning at home, lay the foundation for learning in 
school. Effective parent support programs, like the WHO/ 
UNICEF Care for Child Development and Reach Up and Learn, 
have been shown to be effective. 


Useful Internet Resources 

http:/ /www.nlm.nih.gov/medlineplus/child development. html 
http:/ /kidshealth.org/parent/growth/ 

http:/ /www.nichd.nih.gov/ 
http://www.med.umich.edu/yourchild/ 

http:/ /www.bridges4kids.org / disabilities /SLI.html 

http: / /www.zerotothree.org/ 


pment 





| 53 i 








Fig. 3.44: Components of nurturing care 
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A. 


Develoomental ano 


Behavioral Disorders 


The cognitive growth and behavioral phenotype of an 
individual chiefly reflect the growth and development of 
the body, particularly the brain, during early years. Factors 
like nutrition, environment and social and emotional 
milieu play a significant role. 


GLOBAL DEVELOPMENTAL DELAY, INTELLECTUAL DISABILITY 


Global developmental delay is defined as delay in 
acquiring milestones in two or more of the following 
domains, namely gross and fine motor, speech and 
language, cognition, socio-personal and activities of daily 
living. Above 5 years of age, the term intellectual disability 
is used, replacing the previously used term mental 
retardation. The estimated prevalence varies between 2.5 
and 5%. 


Developmental Deviance and Dissoclation 


Deviance is the acquisition of milestones in a sequence that 
is different from usual. For example, children with cerebral 
palsy may show early standing with support secondary to 
increased extensor tone. This may also be seen in normally 
developing children; children may not crawl and directly 
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) a Saal __=/ Table 4.1: Etiology of developmental delay according to the time of insult’ 


Antenatal Syndromes (fragile X, Rett syndrome) 


Biswaroop Chakrabarty ° Sheffali Gulati 


start walking from sitting and standing without support. 
Dissociation is defined as the acquisition of developmental 
milestones in various domains at differing rates, e.g. isolated 
speech delay with normal development in other spheres, 
as in patients with congenital hearing loss. 


Etiology 


An etiology can be defined in 70% patients with 
developmental disorders (Table 4.1). In developed 
countries, antenatal factors predominate; whereas in the 
developing world, perinatal and postnatal factors are more 
common. Patients with developmental delay may have 
various comorbidities depending on the etiology 
(Table 4.2). Depending on the etiology, the yield of 
diagnostic tests varies from 10 to 80% (Table 4.3). 


Management 


A child with developmental delay is managed by a 
multidisciplinary team comprising of a pediatric neurologist, 
geneticist, psychologist, psychiatrist, occupational and 
physiotherapist, speech therapist, audiologist, ophthalmo- 
logist, nutritionist and social worker. Early intervention is 
important to achieve the maximum potential. 


Chromosomal disorders (Down syndrome) 


Cortical malformations 
Intrauterine infections — 


Inborn errors of metabolism (aminoacidopathy, 


disorder, disorders of glycosylation) 
Teratogen exposure 


organic acidemia, mitochondrial disorder, urea cycle 


Neuromuscular disorders (predominantly motor delay) 


Perinatal, neonatal _ Hypoxic ischemic encephalopathy 
Kernicterus 
After meningitis or encephalitis 
Hypoglycemic brain injury 
Hypothyroidism 
After head trauma 

Postnatal 


54 


Deficiency of vitamin B,», iodine or B,; toxins (lead) 





Table ‘4,2: 
dikorderg 
Mevelopmental delay, 
Solzures 
Vislon abnormalitio 
Feeding problems 
ohavioral Problams, sloop disturbances 
Contracturas, bod sores 
AWlSM spectrum disorder 
Solzures 
-oeding problem 
Bel . : 

ohavioral problems: Aggression, impulsivity, hyperactivity, 


inattention, sloop related problems 
Cognitive Impairment 


Comorbidities In patients with development) 


Intallectual disability 


8, hoaring Impairment, speech disorders 


Attention deficit hyperactivity disorder 

Sloop problems 

Enuresis, encopresis: obesity 

Loarning disability 

Bohavioral comorbiditles: Autism spectrum disorder, tics, 
conduct disordor, dalinquoncy 

Anxlaty, bipolar Iliness 

Specific learning disability 

Epllapsy 

Attention deficit hyperactivity disordar, tics 
Obsessive compulsive disorder 

Tle disorder 

Obsessive compulsive disorder; anxiety, depression 
Attention doficit hyperactivity disorder 


Learning disabllity 
Autism spectrum disorder 


Autism Spectrum Disorder 


Autism spectrum disorder (ASD) is characterized by the 
triad of qualitative impairment of social behavior, 
communication (verbal and non-verbal) skills and 
associated stereotypic and restrictive behavioral patterns, 
with onset before 3 years of age (Table 4.4), The estimated 


global prevalence is 1 to 2%, 


_» Table 4,3: Diagnostic tests In evaluation of developmental delay 


Investigation Indication 
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Etlopathogenes!s 


The pathogenesis of autism is not clear. Abnormalities in 
neural connectivity and migration, dendritic and synaptic 
morphology and functioning of mirror neurons have been 
implicated. Genetic causes such as fragile X syndrome, 
tuberous sclerosis, Angelman syndrome and metabolic 
diseases like phenylketonuria and hypothyroidism 
account for 10% cases. 


Diagnostic Approach 


The Diagnostic and Statistical Manual of Mental Disorders 
(DSM) IV required fulfillment of a minimum number of 
symptoms listed in the three domains (social interaction, 
communication and behavior) to label a child as having 
an ASD. Guidelines, according to DSM 5, have combined 
social interaction and communication domains into one, 
Thus to be labeled as having an ASD, a child has to fulfill 
a minimum number of symptoms in two domains (social 
interaction and communication, and behavior). Common 
comorbidities are shown in Table 4.2. 


Management 


The chief therapy is behavioral intervention; the role of 
pharmacotherapy is limited (Table 4.5). 


Attentlon Deficit Hyperactivity Disorder 


Attention deficit hyperactivity disorder (ADHD) is the most 
common neurobehavioral disorder of childhood. Its 
prevalence in India was estimated at 1.3 per 1000. The 
American Academy of Pediatrics recommends evaluating 
any child between 4 and 18 years of age for ADHD, if he or 
she presents with academic or behavioral problems with 


symptoms of inattention, hyperactivity and impulsivity 
(Table 4.4), 


Diagnosis 


ADHD is diagnosed clinically. The DSM 5 criteria require 
fulfillment of predefined number of criteria in inattention, 
hyperactivity and impulsivity domains. The onset of 
symptoms can be up to 12 years of age and they should 
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Neuroimaging (MAI preferred over CT) Specifically if abnormal head size and/or abnormality on neurological examination 


Metabolic tests (ammonia, bicarbonate, Clues on history or examination (recurrent encephalopathy, vomiting, seizures, regression 
lactate, sugar; blood TMS; urine GCMS) of milestones, organomegaly, cataract, retinopathy) 


Genetic studies (cytogenetic studies, 


karyotyping) 
Thyrold function tests; blood 
and urine lead; micronutrient levels 


Electrophyslological tests 


If Indicated clinically 


Where Indicated: Elactroencephalogram, visual evoked responses, brainstem evoked: 
response, audiometry, nerve conduction studies, electromyography eafeay) 


Developmental delay without a known cause, Irrespective of dysmorphic features 


MRI: Magnetic resonance Imaging; GCMS: Gas chromatography mass spectrophotometry; TMS: Tandem mass spectrophotometry 
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isability 

Table 4.4: Clinical features of autism, ADHD and specific learning dis 
Salient clinical features 
Onset before 3 years of age 
Impalred verbal and gestural communication 
Defect in social and emotional reciprocity 
Stereotypic and restrictive behavioural patterns 


Onset up to 12 years of age 

Present in at least 2 different social settings 
Interfering with social, academic and occupational 
Inattention (difficulty sustaining attention, prone to Ca 
Hyperactivity (often on the go, fidgety) 

Impulsivity (intrusive, interruptive, cannot wait for turn) 
Dyslexia (difficulty in reading) 

Dysgraphia (illegible handwriting, spelling mistakes) 
Dyscalculia (difficulty performing simple calculations) 


“Preserved intelligence, vision and hearing 
Persistent for at least 6 months despite interventions targeting specific disability 


Disorder 
Autism spectrum disorder 


Attention deficit hyperactivity 
disorder (ADHD) functioning 


reless mistakes, easily distracted) 





Specific learning disability" 


preserved cognition, vision, hearing and adequate 


Table 4.5: Pharmacotherapy for autism spectrum disorder 


Medication Indication 

Antipsychotics Anxiety, aggression, repetitive 
(risperidone, olanzapine) behavior 

Methylphenidate Inattention, hyperactivity, impulsivity 


Alpha-2 agonists Hyperactivity 
(clonidine, atomoxetine) 
Melatonin 


lron supplements 


Sleep-related problems 
If deficiency is documented 


be present in at least two different settings interfering with 
the social, academic and occupational functioning of an 
individual. The associated morbidities are summarized 


in Table 4.2. 


Management 


The cornerstone of management is psychotherapy tailored 
for each individual and the family. In patients with 
inadequate response to psychological interventions, drugs 
like methylphenidate and atomoxetine are indicated. 


Specific Learning Disability 

Specific learning disability is defined as a persistent 
impairment in reading (dyslexia), writing (dysgraphia) 
and/or arithmetic (dyscalculia) skills in an individual with 


opportunities (Table 4.4). It affects 55-15% of school-going 
children. Dyslexia accounts for 80% of all specific learning 
disabilities. These disorders are probably caused by 
functionally disrupted networks in the cerebral cortex 


with intact anatomy. 


Diagnosis 

Features suggestive of specific learning disabilities include 
reading slowly and incorrectly, skipping lines while 
reading aloud, making repeated spelling mistakes, 
untidy /illegible hand-writing with poor sequencing, and 
inability to perform even simple mathematics, incoherent 
to the child’s intelligence level. The DSM 5 diagnosis of 
SLD requires fulfilling a predefined number of criteria in 
reading, writing and arithmetic skills, and these 
impairments should persist despite interventions 
targeting the specific disability for at least 6 months. 


Management 

Management revolves around remedial education with 
active participation from both school and parents. 

Tic Disorder and Stereotypies 


pice re onset, fast, paroxysmal, non-rhythmic motor 
vocal manifestations Which may be simple or complex 


——_ — oo —_ 


Motor tics 
Simple 


Eye blinking, neck jerking, shoulder shrugging 


Complex 


Foot tapping, echopraxia (imitating others), copropraxia 


(obscene gestures) 


~~ Table 4.6: Common tics in children 
Vocal tics 

Simple 

Throat clearing, Sniffing, coughing 
Complex 


Wo : : 
bach anton |, coprolalia (obscene words), echolalia 
P fases OF words), palilalia (repeating own words 
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(Table 4.6). Thea 


years and signi S¢ of onset is 4-6 years with peak at 10-12 _ delay, psychosocial stress (maternal deprivation, parental 


prevalence is a soe attenuation by 18-20 years. The _ neglect and abuse) and other behavioral disorders can 
Tourette synd ats / with higher rate in boys. predispose to pica. Children with pica are at increased 

18 years of a a rome is characterized by onset before risk for lead poisoning and parasitic infestations. 

persist ahiee ie ce ee of both motor and vocal tics and Management comprises behavior modification, alleviating 

can be ass adie ee including the waning phase. Tics —_ the psychosocial stress, screening for lead poisoning, 

sad Wileot! a: wi neurological ailments like Huntington | deworming and iron supplementation. 

sediatricaut ‘lsease, or with parainfectious illnesses, e.g. 

nnn neuropsychiatric disorders associated Temper Tantrums 


with streptococcal j 
It is eases san EPRS) ; Temper tantrums are a child's response to physical or 
Although stereotypies ate Stereotypies from tics. emotional challenges by attention seeking tactics like 
manifestations. ¢] may Have similar vocal and motor _yelling, biting, crying, kicking, pushing, throwing objects, 
distractable, and. a, they are rhythmic and hitting and head banging. Tantrums typically begin at 
unlike tics i a a ly remain stable over a time period, 18-36 months of age and gradually subside by the age of 
usually have an Sane, evolve temporally. Stereotypies 3.6 years. Parents are counseled to handle this behavioral 
along with acinadler i (before 3 years of age) and, problem strategically, by staying calm, firm and consistent 
normal childre e’opmental disorders, may affect so that the child is unable to take advantage from such 
n, as well, behavior. The child should be protected from injuring 
himself or others. Distraction and ‘time out’ techniques are 
useful. 


} 





Management 


The essential component is behavioral therapy. 
Medica tions like haloperidol and clonidine are considered  Breath-Holding Spells 
in situations where the tics are socially and functionally 


: Breath-holdi ll flex events typically initiated 
disabling despite adequate behavioral therapy. pipe ib ieiaicdn 8 Seem pee cearaets ypicay 


by a provocation that causes anger, frustration or pain 
making the child cry. The crying stops at full expiration, 
Ealing Disorders and the child becomes apneic and cyanotic or pale. In 
This group consists of primarily two disorders, anorexia | some cases, the child may become unconscious and 
nervosa and bulimia that chiefly affect girls and have in hypotonic. In prolonged events, brief tonic-clonic 
common a disturbed body image perception. Anorexia | Movements may happen. Breath-holding spells are rare 
nervosa usually affects 15-19 years old girls. Characteristic | before 6 months of age, peak at 2 years and abate by 
features are an intense fear of becoming fat even though 5 years of age. The differential diagnoses include seizures 
the child is underweight, with body weight <85% of | and cardiac arrhythmias. The history of a provoking 
expected. Two subtypes are recognised, with either event and stereotyped pattern of events help in 
restricted eating or increased physical activity. Induced distinguishing breath-holding spells from seizures. In 
vomiting or use of laxatives and diuretics may be present. televant clinical scenarios, seizures and cardiac 
Complications include secondary amenorrhea and —_ arrhythmias including long QT syndrome should be 
metabolic complications related to malnutrition. ruled out. 

Bulimia affects 10-19 years old children, chiefly girls. The essential component of management is parental 
There are recurrent episodes of binge eating alternating —_ Teassurance. The family should be advised to be consistent 
with inappropriate compensatory behavior such as self- N handling the child, to remain calm during the event, 
induced vomiting, misuse of laxatives, diuretics or turn him sideways so that secretions can drain and avoid 
enemas, each occurring at least twice a week for 3 months. picking the child up (since this decreases blood flow to 
Depression, anxiety, suicidal ideation and/or obsessive __ the brain). The family should avoid exhibiting undue 
compulsive disorder are often present. Management of concern nor give into the child’ s demands, if the spell was 
both conditions focuses on psychotherapy, along with provoked by anger or frustration. 
nutritional rehabilitation and treating comorbidities and . 
complications. Thumb Sucking 
This entity is normal in infants and toddlers. It peaks by 
Pica 18-21 months of age and usually disappears by the age of 
Pica is the persistent ingestion ofnon-nutritive substances 4 years. Its persistence in older children is socially 
such as plaster, charcoal, paint and soil foratleast! month, —_ unacceptable and can lead to dental malalignment. In 
inappropriate to the child's development leveland cultural children below 4 years, parents should be reassured. 
practice. It is common in children less than 5 yearsofage. Beyond 4 years of age, the child should be motivated 
Poor socioeconomic status, malnutrition and iron to refrain from this habit. Both positive and negative 
deficiency are commonly associated. Developmental reinforcements can be used. 





Stuttering | } 


Stuttering is a defect in speech characterized by hesitation 
or spasmodic repetition of some syllables with pauses. 
There is difficulty in pronouncing the initial consonants 
caused by spasm of lingual and palatal muscles. It can 
affect up to 5% of children between 2 and 5 years of age. 
In this age group, parents should be reassured as most of 
them show resolution. If it persists beyond or appears after 
> years of age, opinion of psychologist and speech 
therapist should be sought. 


=| Enuresis 


244 Enuresis is defined as passage of urine in the clothes 


beyond an age when bladder control should be established 
(usually 5 years). Both psychological stressors and 
physiological dysfunction (hyposecretion of vasopressin) 
can be seen in affected individuals. 

Enuresis may be primary or secondary (loss of control 
after an initial bladder control for 6 months or more), 
diurnal or nocturnal. Primary monosymptomatic noc- 
turnal enuresis is the commonest variety. Before labeling 
as primary enuresis, diabetes, urinary tract anomalies, 
infection and bowel bladder dysfunction should be ruled 
out. The most important aspect of management is 
behavioral therapy with positive reinforcement. Bladder 
alarms or desmopressin is reserved for patients resistant 
to behavioral interventions (also see Chapter 17). 


Encopresis 


Encopresis is defined as passage of stools in clothes 
beyond an age when bowel control should have been 
achieved (usually 4 years). It may be retentive (associated 
with constipation) or non-retentive, primary (never 
achieved bowel control) or secondary (loss of control after 
an initial phase of control for at least 6 months). Primary 
encopresis is usually associated with constipation, while 
secondary is associated with significant psychological 
stressors. Behavioral therapy with positive reinforcement 
and treatment of constipation are necessary. 


Oppositional Defiant Disorder 


Oppositional defiant disorder is a repetitive and persistent 
pattern of opposing, defiant, disobedient and disruptive 
behavior towards authority figures persisting for at least 
6 months. Many children are later diagnosed with conduct 
disorders. Diagnostic criteria for labeling the condition 
have been developed. Oppositional defiant disorder results 
from interplay of factors in the child’s characteristics, 
parental interactions and environmental factors. Family 
history of mental health problems such as depression, 
ADHD or antisocial personality is often seen. The manage- 
ment should focus on alleviating risk factors or stresses 
that might contribute to oppositional behavior. Use of 
stimulant medication is effective in patients with ADHD. 
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Conduct Disorder . 
Conduct disorder is characterized by parents 
destructive activities that cause disruption in ae a 3 
environments such as home, school or the nelg ort ood. 
The overriding feature is the repetitive an asetis 
pattern of behaviors that violate societal — and the 
rights of other people, for a period of at eee one year, 
Management consists of behavioral and psychotherapy. 


Juvenile Delinquency | 
Children who show oppositional defiant behavior or 
conduct disorders and come into conflict with the juvenile 
justice system are called juvenile delinquents. The term 
refers toa person under 18 years of age who is brought to 
the attention of the juvenile justice system for committing 
a criminal act or displaying other illegal behaviors, like 
the use of alcohol or illicit drugs. Family and parenting 
interventions have been shown to reduce the risks of re- 
incarceration and criminal behavior by juvenile 
delinquents. In some cases, placement in foster care is 
recommended with similar interventions being adminis- 
tered by the foster family. 


Munchausen by Proxy 


Munchausen syndrome by proxy is a disorder in which a 
caregiver, usually mother, deliberately makes up a history 
of illness in her child and/or harms the child to create 
illness. The name is derived from Munchausen syndrome 
in which a person self-induces or acts out illness to gain 
medical attention. In Munchausen by proxy, the abusing 
caregiver gains attention from the relationships formed 
with health care providers, or her family, as a result of the 
problems created. 

Confirmation of diagnosis needs careful history and 
reviewing of past and current hospital records. Once the 
diagnosis is made, the offending caregiver should be 


confronted, separated from the child and provided 
psychotherapy. 


Parasomnias 


Parasomnias are defined as abnormal behavioural and/ 
or motor manifestations seen in sleep. During the first half 
of sleep, the non rapid eye movement stage (NREM) 
parasomnias predominate, which are more common and 
consist of sleep walking (awake and ambulatory). 
confusional arousals (awake but not ambulatory) and 
sleep terrors (terrorised child, inconsolable and presence 
of a spine chilling scream). . 

The relatively uncommon REM (rapid eye movement 
stage) parasomnias are seen in the second half of the sleep 
and comprise of nightmares (unpleasant dreams) and bizarre 
movements and behavioral manifes tations. The child is more 
likely to remember REM than NREM parasomnias on 
waking up. The conditions are self limiting and management 
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is targeted 

benzodiazepines saree and management of stress if any; 
S May Occasionally be used. 
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Adolescent Health ana 
Develooment 


Adolescence is a stage of transition from childhood to 
adulthood. During this stage of life, a youth undergoes 
rapid changes in body structure, mediated by the sex 
hormones. The appearance of sexual characters is coupled 
with changes in cognition and psychology. Whereas 
adolescence refers to this entire process, puberty refers to 
the physical aspect. The age group 10-19 years is 
considered as the period of adolescence, and puberty 
marks the early half of adolescence. Though it is a 
continuous process, for convenience sake, adolescence is 
generally divided into three phases: Early (10-13 years), 
mid (14-16 years) and late (17-19 years) puberty. 


PHYSICAL ASPECTS 


The onset of puberty is triggered by various genetic and 
environmental factors including the body fat stores. The 
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activation of the hypothalamic-pituitary-gonadal axis 
leads to the production of gonadotropins [luteinizing 
hormone, follicle-stimulating hormone] and sex steroids 
[estrogen and testosterone]. Gonadal sex steroids bring 
about secondary sexual characters (breast development, 
increase in penile and testicular size and menarche), 
whereas adrenal androgens cause development of sexual 
hair, acne and underarm odor. Details of hormonal 
mechanisms of onset and progression of puberty are dealt 
with in Chapter 18. 


Onset and Sequence of Puberty 


Puberty in girls starts with breast development (thelarche) 
between 8 and 13 years (Fig. 5.1). This is then followed by 
appearance of pubic hair (pubarche) and then, 
menstruation (menarche) occurring at an average of 12.6 


Prepubertal; no terminal hair 


Appearance of breast bud 
Sparse straight hair along the labia 


Generalized breast enlargement (extending b 
areola) g beyond the 
Pigmented pubic hair, coarse, begin to curt 


Nipple and areola form a second mound 


3 : Over the b 
Hair increase in amount, spread over en Ceam 


tire mons 


Mature adult type breast; nipple projects an 
Adult type pubic hair in triangle-shaped a aad 
over to medial thighs ; g 


Fig. 5.1: Sexual maturity rating (1-5) In girls (Courtesy: Anil Kumar, Sanjay Gandhi Postgraduate Institute of Medical Sciences Lucknow) 
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years (range 10-16 
menarche is advan 
The breast buds 
asymmetry in the 


puberty. Menarche 
thelarche. 


is ma arta Sie eatlicnt change is increase in testicular size 
ecavaia 4 ae 4 mL or length 2.5 cm) that occurs 
copentmicent 14 years (Fig. 5.2). This is followed by 
eh Soe pubic hair and lengthening of the penis. 
P ; che or production of sperms starts during mid- 
adolescence. Laryngeal growth under androgenic 
pre betls manifesting as cracking of voice, begins in 
de a erty in males and deepening of voice is complete 
by the end of puberty. Mild degree of breast enlargement 
is Seen In More than half of boys in early puberty which 
subsides spontaneously over several months. The onset 
of puberty is variable; thus in an age cohort (e.g. students 


of 7th class), many will have advanced puberty while 
others will be awaiting its onset. 


years); experts now believe the age of 
cing to ~9 years in many populations. 
May be tender and there may be 
breast size during early phases of 
usually occurs after 2-2% years of 


Physical Growth and Nutritional Requirements 


During puberty, boys gain about 20-30 cmand girls about 
16-28 cm. Peak growth velocity in girls occurs before 
attainment of menarche (stage 3), while boys show peak 
growth velocity during later stages of puberty (stages 4-5). 
The growth spurt affects the distal skeleton first, hence 
enlargement of limbs and extremities is followed by 
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Prepubertal 


increase in trunk size. There is an exuberant increase in 
muscle mass and bone diameter, particularly in boys and 
total bone mass in both the sexes. Lean body mass 
increases during the early stages in both the sexes, fat mass 
increases in girls at later stages of puberty. Under the 
influence of sex steroids, rapid calcium accretion occurs 
during puberty, achieving almost 50% of adult bone mass. 
The recommended dietary allowance (RDA) for calcium 
is 800 mg/day and an intake of 500 mL milk is 
recommended in order to achieve this with a cereal-based 
Indian diet. With minimal sun exposure, the RDA for 
vitamin D is 600 IU/ day. Since dietary vitamin D is mainly 
available from fatty fish, intake as a pharmacological 
supplement may be necessary. Increase in body structure 
is paralleled by increase in blood volume and muscle mass; 
both of these tissues have high iron content. With 
commencement of menstruation, nutritional requirements 
of iron are further increased. With predominantly cereal- 
based diet and poor bioavailability, an adolescent needs 
to have a daily intake of 25-30 mg iron in order to meet 
the daily requirements of 1.3 mg. 


Cognitive and Social Development 


Volumetric and functional imaging techniques show that 
the adolescent brain undergoes subtle structural changes 
and differential growth. Though the exact implications of 
these changes are largely unknown, these indicate re- 
organizational or accommodating effort of brain 


J, _ Reddening of scrotum, testicular volume reaching 4 mL or length 2.5 cm 
we Scanty hair at penile base 


Increase in length of penile shaft 
Further increase in testicular volume 
Hair begin to curl and darken 


Increase in girth of penis and glans 
Darkening of scrotum 
Coarse, abundant and curly hair, less than in adult 


Adult size scrotum and penis 
Adult type hair, spreading over to medial thighs 


Fig. 5.2: Sexual maturity rating (1-5) In boys (Courtesy: Anil Kumar, Sanjay Gandhi Postgraduate Institute of Medical Sciences, Lucknow) 








paralleling the multi-fold increase in its functional 
capabilities, 


Early phase: The ‘concrete thinking model’ of childhood 
persists into early adolescence, where the concepts are 
perceived more ‘literally’. Teens are impulsive and have 
limited ability to perceive future implications of their 
current behavior. They prefer same sex peers. Many are 
excessively conscious of other people's concerns about 
their appearance and actions. Curiosity about sexual 
anatomy and comparison with peers is common. 


Mid-phase: This phase is marked by emotional autonomy; 
they might seem detached from their family. The youth 
starts to think beyond self and there is beginning of 
abstract reasoning. Acceptance by the peer group becomes 


important. Sexual experimentation, such as masturbation, 
starts at this age. 


Late phase: By this time, most of the pubertal changes are 
already achieved. Moral values and strong self identity 
are now established. They are now able to suppress 
impulsivity and are less affected by peer pressure. 
Personal relations become more important than the peer 
group. The youth becomes career-oriented and starts 
short- and long-term planning for his or her goals in life. 
Many start engaging in sexual activity. 


Attitude Towards Health 


Adolescents are considered to be at the peak of their health; 
yet, adolescence coincides with the onset of many health 
disorders. Girls are often unprepared for their first periods. 
High-risk behavior is common in mid-adolescent age 
group. The National Family Health Survey 4 (NFHS4) 
reported the median age of sexual debut in boys and girls 
to be 24 years and 19 years, respectively, but a significant 
proportion are sexually active much before. Knowledge 
about contraception is improving among adolescents. 
Though awareness about HIV is increasing among Indian 


youth, most of them lack comprehensive knowledge of 
the disease. 


PROBLEMS FACED BY ADOLESCENTS 


Adolescents are under immense pressure because of the 
rapid changes in their hormonal milieu, changing ideas 
and concepts about the world, having to cope up with the 
expectations from the society and the need to establish 
their own identity. The problems faced by an adolescent 


in India are diverse and are often not addressed by the 
health care system. 


Health Problems 


Nutrition and eating disorders: There is increase in 
nutritional requirements during this period of rapid 
growth, micronutrients being as important as energy and 
protein (see Chapter 8). Data from the NFHS4 shows that 
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53% Indian adolescent girls are annem the tee of 
anemia has remained unchanged ree = Aish 
decades. There is lack of sun exposure ; ue Fete ng 
coupled with dark skin pigment ste oF cslotans as 
dairy products results in poor inta sta: Festa 
vitamin B,,. The resulting low bone mi ve iy 5 
more pronounced in underprivileged git's : ends 7 ve 
low protein intake in addition to calcium an va 
deficiency. Vitamin A deficiency !S also an hal gh ie 
in economically deprived adolescents. ye ait vt ion 
often delays the onset of puberty and sexua ~ ee on, 
results in stunting, poor bone mass accrual a re oe 
work capacity. Girls from poor families are like y to suffer 
from malnutrition due to gender discrimination 1n food 
distribution, whereas girls from urban upper socio- 
economic group show malnutrition due to eating 
disorders. Anorexia nervosa and bulimia are increasingly 
reported. 


Mental health problems: Adjustment and anxiety 
disorders, depression, suicide, delinquent behavior, poor 
body image and low self-esteem are major concerns, 
Suicide rates are increasing, with higher number of 
completed suicide in boys and attempted suicides in girls. 
Adolescents are at high risk of committing suicide because 
of cognitive immaturity and impulsivity. Psychological 
disorders like depression or mood disorders, substance 
abuse, parent-child conflict, physical or sexual abuse and 


family history of suicide make them prone for such 
attempts. 


Sleep disturbances: During the period of rapid growth, 
adolescents have increased sleep requirements. Under the 
effect of physiologic delay in melatonin secretion, 
adolescents have a delay in sleep onset and awakening 
by almost an hour. In urban adolescents, this may be 
compounded by increasing academic activity or watching 
television late into the night. Poor sleep habits are likely 
to reflect in school performance and cause daytime 
drowsiness, aggressive behavior, conduct disorders, 
anxiety, restless leg syndrome and depression. 


Infections: With increased outdoor activity, teens are 
exposed to TB, HIV, skin and parasitic infections and 
sexually transmitted diseases. Early sexual activity is not 
uncommon. Various biological (immature, incompletely 
estrogenized mucosa) and psychosocial factors (lack of 
preparedness, knowledge regarding barrier contraceptives) 
make adolescents susceptible to these infections. 


Problems Specific to Females 


Itis common to have anovulatory and irregular menstrual 
cycles during first two years after menarche. The 
polycystic ovary syndrome, a combination of menstrual 
irregularities and ovarian cysts with androgen excess like 
acne or hirsutism, occurs in ~9% adolescent girls. The 
condition is associated with other metabolic derangements 
like obesity, insulin resistance and type 2 diabetes. 


Adolescent Health and Development 


|o fl 
OO OT ee 


Menstrual hygiene: There are many social taboos about 
menstruation in Indian families. Many adolescent girls are 
found to miss schoo] during their menstruation because 
of lack of access to safe Sanitary products or lack of privacy. 
Poor menstrual hygiene may contribute to reproductive 
infections. With the introduction of government and 
private run ‘Menstrual Hygiene Schemes’, 57% young 
women now use hygienic methods during menses. 


[NHFS4] 


Genital infections and sexually transmitted infections: 
Vaginal discharge is common in adolescent girls and may 
indicate physiological leukorrhea of puberty, and 
endogenous or sexually transmitted infections. Gonorrhea 
can cause vulvovaginitis, urethritis or proctitis; Chlamydia 
may cause intermenstrual or post-coital bleeds. Both may 
be asymptomatic in majority and can cause vaginal 
discharge. Candidal infections become common with 
starting of menstruation and often have a cyclic nature. 
Pelvic inflammatory disease (PID) is a spectrum of 
inflammatory disorder of female genital tract, which 
occurs in sexually active females and can present with 
abdominal pain with vaginal discharge. Lower abdominal, 


cervical or adnexal tenderness is suggestive of the 
diagnosis (Table 5.1). 


Lifestyle diseases: Obesity is the other end of the spectrum 
of malnutrition and is epidemic in the urban settings. 
Among Delhi school children, 5% obesity and 17-19% 





overweight have been reported and similar figures are 
available from other parts of urban India as well. The 
prevalence of obesity and overweight is higher in boys 
than girls. Obesity has strong association with asthma, 
sleep disorders, reflux disease, Blount disease, slipped 
femoral epiphysis, gallstones, fatty liver and metabolic 
derangements like type 2 diabetes, dyslipidemia, 
hypertension and polycystic ovary disease. Essential 
hypertension is rising, with prevalence of 6% in urban and 
3.4% in rural youth in some studies from India. 


Substance abuse: Most tobacco and alcohol use starts 
during adolescence, in urban as well as rural India. The 
Global Youth Tobacco Survey 2009 showed that 14% of 
school youth reported using tobacco currently. Apart from 
tobacco, alcohol (21%), cannabis (3%) and opium (0.4%) 
are most abused substances. Addicts are prone to 
accidents, injuries, violence, trading sex-for-drugs, HIV, 
hepatitis C, sexually transmitted diseases and tuberculosis. 





Vulnerability 


Abuse and violence (physical and sexual): Physical and 
sexual violence is common in India, with 20-30% young 
females suffering from domestic violence and 5-9% young 
females reporting sexual violence (NFHS4). Accidents are 
the major cause of mortality in this age group. Road traffic 
accidents, burns and poisoning are leading causes of 
traumatic mortality and disability in Indian youth. Motor 


Table 5.1: Sexually transmitted infections: Salient features and treatment | — 


Disease Salient features 


Gonorrhea Coinfection common 


Chlamydia infection  Urethritis, vaginal 
discharge 

Multiple painful vesicles and 
ulcers; tend to recur 


Painless genital ulcer 


Herpes 

Primary syphilis 
Genital warts Tend to recur 
(papilloma virus) | 
Chancroid Painful ulcer with 
lymphadenopathy 

Malodorous yellow green 
discharge 

Itching, redness, white discharge 


Trichomoniasis 


Candidiasis 


Specific treatment 
Ceftriaxone 125 mg IV or IM single dose 


Oral azithromycin 1 g single dose, or doxycycline 100 mg twice 
daily for 14 days 


Oral acyclovir 400 mg thrice daily for 7 days 


Benzathine penicillin 2.4 MU IM (after test dose); oral doxycycline, 
if allergic to penicillin 


Local application of podophyllin weekly, cryotherapy or surgical 
removal; preventable with vaccination 


Oral azithromycin 1 g single dose or ciprofloxacin 500 mg twice daily 
for 3 days 


Oral metronidazole or tinidazole 2 g single dose 


Clotrimazole cream or pessary for 7 days, miconazole pessary 


for 3 days or oral fluconazole 150 mg single dose 


Polymicrobial; varied disease 
spectrum 


Pelvic inflammatory 
disease 


Mild to moderate illness. Oral cefixime 400 mg twice daily 
for 7 days, metronidazole 400 mg orally twice daily for 14 days 


and doxycycline 100 mg twice daily for 14 days; abstinence; 
symptomatic treatment 


Pediculosis pubis Pruritus 


Scabies Pruritus and rash 


All patients should be screened for HIV infection; partners should be treated if affected; IM: Intramuscular: IV: Intravenous 


Severe disease. |V antibiotics 
Local application of 1% permethrin, wash after 10 minutes 


Local application of 5% permethrin; oral ivermectin 2doses | 
14 days apart 
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vehicle and industrial accidents are common in boys 
whereas burns are more common in girls, 


Migrettvn: Many adolescents migrate from rural to urban 
settings, for labor or educational opportunities. Trafficking 
of youth is a serious problem in India and happens for 
industrial or domestic labor, forced marriages and 
prostitution. In states like Bihar, 70% of new HIV infections 
are related to outward male migration. 


Adolescent pregnancy: Unmarried adolescents are likely 
to resort to unsafe methods of abortions, which increase 
risk of septicemia and mortality. As compared to adult 
pregnancy, they are also ata higher risk for pre-eclampsia, 
7 preterm labor and postpartum hemorrhage. Prolonged 

and obstructed labor are common in adolescent 
pregnancies and they are 2-4 times more likely to die 
during childbirth as compared to adult females. Neonatal, 
infant and child mortality rates are higher in children 
delivered to adolescent mothers. Fortunately, the 
prevalence of adolescent pregnancy [8%] is lower in the 


results of NFHS 4, due to schooling and knowledge about 
contraception. 


Lack of sex education: The majority of Indian youth do 
not get formal sex education in an effective way. Peers, 
books and magazines are their main sources of information 
about sex. Parents and teachers often fail to discuss issues 
like masturbation, safe sex, dating, abortion, HIV and 
sexually transmitted diseases. 


Environmental and Social Challenges 


Pollution: The incidence of asthma is increasing. There 
is Ongoing research into the role of electromagnetic 
exposure from communication devices in disorders like 
childhood leukemia, brain tumors and immune 
dysregulation. 


Medta: With easy availability of electronic media, 
adolescents are exposed to unsupervised information from 
all across the world. Adolescents often succumb to 
glamorous portrayal of tobacco or alcohol consumption, 
unrealistic expectations, physical aggression, destructive 
behavior and unprotected sex. Spending much of spare 
time indoors on social networking sites, teenagers are 
deprived of sunlight and physical activity and socially 
isolated. 


Peer pressure: Peer formation is a part of adolescent social 
development. Pressure for conforming to norms drives 
many of their actions and decisions, including risk taking 
behavior and initiation of substance abuse, 


Poverty: Adolescents belonging to poorer families are 
likely to have inadequate diets. Studies have shown that 
children belonging to poorer families had higher chances 
of having depression, anti-social behavior and engaging 
in drugs or sexual activity at earlier ages. 
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Illiteracy: Though the situation 1s improving Over the 
years, still 33% of Indian youth are not Pt Be 
their primary education. Female gender an . = om 
rural and poor background are the risk factors for 
illiteracy. 


Academic and emotional stress: Examinations cause 
significant physiological and psychological stress. Apart 
from change in body structure, various other factors like 
peer acceptance, discrimination, academic burden, 
parental expectations and changing social environments 
cause stress among youth. Switching from vernacular to 
English medium schools, long hours of school and tuitions 
are additional stress factors that are un-addressed. While 
most adolescents have adequate coping skills, some have 
serious adjustment problems resulting in psychological 
and somatic effects. 


Early marriage: Though the legal age for marriage in 
India is 18 years for girls (Table 5.2), many states still 
have the practice of childhood and early marriage. 
Almost 30% of Indian girls between the ages of 15 and 


19 years are married; the proportions are higher in rural 
areas. 


Discrimination: Young people are often treated as second 
class citizens, under the control of adults and often not 
involved in any decision making. Adolescent girls are 
often asked to limit their outdoor/extracurricular 
activities, confined to their houses and expected to do the 
household work. Gender-based discrimination is seen in 
education and even food distribution. 


Role of Health Care Provider 


A checklist for the adolescent clinic visit is provided in 
Table 5.3. During each visit, the following are important: 


Identifying risks: The physician needs to detect risk factors 
like obesity, hypertension, possible substance / drug abuse, 
behavioral and social problems and risky behavior, Subtle 
cues like sad or depressed mood, avoidance of eye contact, 
bruises or undue resistance to examination are the likely 
pointers towards physical or sexual abuse. 


i a 
Below 18 years kona fi 
Boys 21 years; girls 18 years: 


_ Table 5.2: Legal age definitions relevant to 
Definition of child ‘ 
Minimum age for marriage 


Responsibility for crime 12 years 
Juvenile criminal 12-18 years 
Compulsory free education 6-14 years 


Consumption of alcohol Beyond 18-25 years in 


different states (illegal in... 
some states and union - 


ae _. territories) | 
Employment in hazardous _ 


14 years 
occupation or, hotels icy), 
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"Fable 5.3: Chockllat for adolescent health visit 


History from parents and adolescent 
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History of prasanting problems 


Parontal concorns on growth, development 

Acadomic success; school absenteeism 

Dlot history including calcium, protein and iron intake; junk food 
Menstrual history; sleep problems 


History on separate questioning of adolescent 


Emotlonal probloms; rolationship with family and peers 


Outlook towards physical and sexual changes 
Involvement In rolatlonship or sexual activity 
Awareness about safa sex and contraception 
Specific problems related to sex organs 
Tobacco or other substance use 

Counsel and clear doubts on sensitive topics 


History on separate questioning of parents 


Relationship with family 


Level of communication on sensitive matters 


Physical examination 


Anthropometry 


Blood pressure, markers of obesity, acanthosis 
Sexual maturity rating 

Signs of malnutrition, anemia and vitamin deficiencies 
Signs of skin and genital infections 

Level of general hygiene 

Signs of trauma; abuse 

Signs of drug abuse or tobacco use 


Counseling 


Nutritional intervention 


Hygienic practices 
Building rapport between parents and adolescent 
Providing information and sources on sex education 


Investigations 


Hemoglobin level 


Blood sugar, lipid profile 
Genital swabs 
Ultrasound of ovaries 


Referrals 


Counselor 


Dietitian 

Psychiatrist 

Gynecologist 

Voluntary and confidential HIV testing 

Social services, child protection agencies, support groups 


Establishing rapport: Being empathetic and non- 
judgmental is the key to effective communication. Direct 
questioning of the adolescent is as importantas questioning 
the parents. Beginning the interview with icebreakers, use 
of open-ended non-sensitive questions and then moving 
to sensitive/targeted questions is helpful. 


Confidentiality: One may need to interview a young 
patient separately, as he/ she may not want to discuss 
sensitive topics in the presence of parents. While 
examining the genitalia, the doctor can ask patient S 
preference for presence of their parent inside the 
examination room. A boy may prefer his parents standing 
outside the exam room, whereas a girl may find it 
comforting, if her mother accompanies her during the 


examination. 


Consent: For a child who is less than 12 years, consent for 
examination or medical/surgical procedure is obtained 
from the parent or guardian. While an adolescent aged 
12-18 years can give consent for examination, consent for 
medical/surgical procedure can be given only after 
18 years, This also includes consent for medical termination 
of pregnancy, blood and organ donation. 


Nutritional intervention: Improving the nutritional status 
of adolescent girls helps in two ways, It breaks the cycle 
of malnutrition and low birth weight babies, and prevents 
long-term complications of the latter in future generations. 


Providing health information: The adolescent health visit 
is an excellent opportunity to talk to the parents and their 
adolescent about the pubertal changes. It is likely that they 
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have not received any formal sex education in school and 
need to be provided correct educational resources for the 
same. 


Referra! to social services, psychological evaluation and 
support; National Commission for Protection of Child 
Rights Act 2005 considers a person below 18 years as a 
‘child’. It is mandatory fora health care provider to report 
all cases of child abuse (even suspected) to the Chairperson 
of the Commission; the complaint can be lodged online 
or in writing. Doctors are protected in case of erroneous 
reporting but punishable, if they fail to report. Adolescents 
with special needs or victims of any kind of abuse need 
social and psychological support. 


Adotescent-friendly health services: Adolescents have 
diverse problems and special needs. The services include 
provision of reproductive health services, nutritional 
counseling, sex education and life skill education. 
Confidentiality, easy accessibility, friendly attitude and 
quick comprehensive health care delivery have made a 
positive impact on adolescent clients. ‘Adolescent 
reproductive and sexual health’ has been identified as a 
key strategy under RCH II programme. Adolescent 
friendly clinics are functional at many centers in the 
country. Box 5.1 lists the key services and interventions 
that should be provided for comprehensive care for 
adolescents. 


Management of sexual violence: This includes the 

following measures: 

i. Forensic examination and collection of blood or body 
fluid samples by trained staff. 

ii. Care of the injuries. 

iii. Prophylaxis against pregnancy: Two doses of 
levonorgestrel 12 hours apart, first dose being given 
within 72 hours of intercourse. 

iv. Prophylaxis against sexually transmitted infections 
includes a single oral dose of azithromycin 1 g along 
with cefixime 400 mg and metronidazole or tinidazole 
2 g, protects against syphilis, gonorrhea, Chlamydia and 
Trichomonas. Hepatitis B vaccination is recommended, 
if the person is not previously immunized. 

v. Prophylaxis against HIV requires referral to the 
nearest integrated counseling and testing center. 

vi. Psychological support includes counseling and 
referral to a psychiatrist. Informing concerned 
authorities or social services is important as patient 
may need shelter and legal help. A teen may not be 
willing to disclose this assault to his parents. 
Childline (1098) is a support service provided by 
Government of India focussed on child care and 
protection. 


Protection of Children from Sexual Offenses [POCSO] Act 
2012: The POCSO Act protects individuals below 18 years 
from sexual offense or harassment of any form, be it 
physical or pornographic. It also explicitly states that an 
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Box 5)1: Healthy adolescence: Package Of 


Healthy lifestyle 

e Healthy food 

© Exercise and Yoga 

¢ No to tobacco, alcohol, drugs 
* Safe conduct on road 


Vaccines 
¢ Papilloma virus, rubella 


Anemia 
* Prevention, detection 
for adolescent girls 


and management of anemia, especially 


Sexual health 

¢ Sexuality education 

* Menstrual hygiene 

° Marriage after 18 years, childbirth after 20 years 

¢ Counseling and services for comprehensive sexual and 
reproductive health, including contraception 


Mental health 

* Supportive family; counseling and peer/ family support in 
anxiety, depression 

¢ Prevention and management of hazardous and harmful 
substance use 

* Prevention of suicide and management of self-harm/suicide 
risk 

Violence prevention 

* Prevention and management of unintentional injury 

¢ Prevention of and response to sexual and other forms of 
gender-based violence 


Communicable and non-communicable diseases 
e Prevention, detection and treatment of communicable and 
non-communicable diseases 


Preparing for adulthood 
¢ Parenting skills, responsible husband, wife and father 


event of abuse must be informed to legal authorities; 
failing which, the knowing person [including the health 


care provider] is liable to legal actions including 
imprisonment. 


Contraception: A pediatrician should advocate for 
abstinence and delayed initiation of sex to adolescent 
patients. In case the adolescent is already sexually active, 
condom seems a better choice compared to other methods. 
Adolescents with disabilities or mental retardation are 
wrongly assumed to be at low risk for STIs and pregnancy. 
Parents of such children need to be counseled regarding 
these issues. 


Adolescent immunization: India has low coverage for 
booster doses of TT at 10 and 16 years. Papilloma virus 
vaccine is recommended for peripubertal girls (before 
initiation of sexual activity) for prevention of infection 
with human papillomavirus and cervical cancer. Parents 
need to be counseled thoroughly as the principle behind 
giving the vaccine might alarm them (Table 5,4), 
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Tetanus and diphtheria toxoids and ac 
(Tdap) vaccine [TT at 10 and 
Immunization Program] 


Papillomavirus 


ow-r»~- << 
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ellular pertussis 
15 years as per Universal 


_ Table 5.4: Immunization during adolescence 


10-12 years, and every 10 years thereafter — 


SIT I tr ie a a 
‘5 , 
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2 doses, if given between 9 and 14 years 


Influenza 


3 doses, if given beyond age 15 years 


Annually 


Catch-up vaccination is discussed in Chapter 10 


Transition to adult care: With better medical care, a large 
number of chronically ill or disabled children are surviving 
into adulthood. As the problems of these children are 
diverse, they need multidisciplinary care even in their 
adulthood. Transition to adult care is not mere transfer of 
the case to a different physician. Itisa gradual and planned 
process, Keeping in mind the abilities of the child to 
participate in self-care, taking responsibilities and decision 
making. The age at transfer is not fixed: a window of age 


14-18 years is used in some countries for a gradual 
transfer. 


GOVERNMENT INTERVENTIONS IN 
ADOLESCENT HEALTHCARE 


Kishori Shakti Yojana and SABLA Yojana aim to provide 
health, nutrition, education and vocational skills to 
adolescent girls. National Youth Policy believes in youth 
empowerment through education. Recognizing the 
contribution of adolescent care to maternal and child 


health, National Health Mission now follows 
Reproductive, Maternal, Neonatal, Child and Adolescent 
Health (RMNC+A) approach. Under this program, weekly 
iron and folic acid supplementation (WIFS) program 
provides 100 mg of iron and 500 1g folic acid with biennial 
deworming to all adolescents attending government 
schools. 
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COMPOSITION OF BODY FLUIDS a Se. 


The major component of body mass is water. The contri- 
bution of total body water to body weight varies with age, 
lean body weight and adiposity. Total body water (TBW) 
as a percentage of body weight declines from as high as 
90% in early fetal life to nearly 75-80% at the time of birth. 
Thereafter, it declines progressively to 60% by the end of 
the first year and remains so till puberty. Since adipose 
tissue has lower water content, therefore, adolescent 
females and overweight children have lower TBW as a 
percentage of body weight. 

Total body water is distributed in two major compart- 
ments, two-thirds is intracellular fluid (ICF) and one-third 
is extracellular fluid (ECF). Nearly one-fourth of ECF is 
distributed in the intravascular space (plasma water) and 
the remaining in the extravascular (interstitial) space 
(Fig. 6.1). The relative size of the two main compartments 
varies with age. Increase in extracellular fluid volume 
contributes to the increased TBW in neonates, especially 


preterm babies. 

The interstitial fluid component of extracellular fluid is 
actually a matrix, a collagen/gel substance that allows the 
interstitium to provide structural rigidity during extra- 


Interstitial fluid 


Non-water 









Intravascular 
volume 


Intracellular fluid 


Fig. 6.1: Body composition. Nearly 60% of the body weight Is 
water, Of this two-thirds Is intracellular, while the rest Is extracellular 
(ECF), which is distributed between the Interstitlal and intra- 
vascular compartments in 3:1 ratio 
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cellular volume depletion. The interstitial space, espe 
in skin and connective tissue, 1s an important reservoir oO 


extracellular fluid. 


Water Balance 


In the steady state, water balance represents the difference 


between water intake (including that generated from 
endogenous metabolism) and water losses (Fig. 6.2). Much 
of the water output involves obligatory losses in the urine, 
stool and, by evaporation from the moist surfaces of the 
skin and respiratory tract (insensible losses). The kidneys 
are the major regulators of water output with nearly two- 
thirds of daily water losses being urine. The obligatory 
renal water loss is directly related to solute excretion. The 
evaporative losses play an important role in thermo- 
regulation. In contrast to these insensible losses, sweat 
which is hypotonic (Na* concentration 35 to 65 mEq/L) is 
actually ‘sensible loss’. It also contributes to thermo- 
regulation and may reflect the majority of total daily loss 
of water in presence of high ambient temperatures or 
when endogenous heat production is enhanced, as with 
exercise or fever. 
fail are tinked $y acieacaltdar Husel velomne asad ar 
associated with dysregulated ak oa sogiarrabr obs: 
for volume regulation are pri : ti casio kage me 
aldosterone system and al sate Wee WON npeerte 
: natriuretic peptide, both of 

which affect Na* excretion. Besides this regulation of bod 
water is made possible by interplay of multi f eae 
factors, including vasopressin, prostag] ‘Ree 

; ' glandins, dopa- 
minergic receptors, a-adrenergic receptors, thirst 
mechanism and intrinsic renal properties. Ptors, 


Electrolyte Composition of Body Compartments 


The extracellular fluid compartm fev fat 

tration of sodium, chloride, naa ee ee 
Potassium, organic phosphates and Bite (Fig. ee 
predominant ICF osmoles. Because of vari bilit in ECF 
and ICF distribution, the serum Ses : a ee t 
necessarily reflect the total body content ape do . 
electrolyte. Permeability to ions varies in och eee 
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Fig. 6.2: Balance of water intake and | 
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Fig. 6.3: Electrolyte composition of Intracellular and extracellular fluid compartments 


the brain having the least and the liver the most per- 
meability. However, water readily crosses cell membranes 
to achieve an osmotic equilibrium between the two 
compartments. The balance and appropriate distribution 
of fluid within these spaces is maintained by the colloid 
oncotic pressure, membrane permeability and hydrostatic 
pressure. Plasma and interstitial fluid are rich in proteins, 
which determine plasma colloid oncotic pressure. 


Osmolality 


Osmolality (expressed as milliosmoles per kilogram of 
water, mOsm/kg) is the solute concentration of a fluid. 
Changes in osmolality can produce grave neurologic 
consequences and even death, primarily due to water 
movement into and out of the brain. To prevent this, the 
plasma osmolality, which is primarily determined by the 
plasma Nat concentration, is normally maintained closely 
between 1 and 2% of the normal (285 to 295 mOsm/kg) by 
appropriate variations in water intake and water excretion. 
This regulatory system is governed by different osmo- 
receptors in the hypothalamus that influence both thirst 


and the seeretion of antidiuretic hormone (ADH) (Fig. 6.4), 
Plasma osmolality can be measured directly using 
osmometers, as well as estimated indirectly as follows: 


Plasma osmolality = 2{Na"] + glare } blood wea nitrogen 


Measured values are generally higher than calculated 
values by up to 10 mOsm/kg and this difference is called 
osmolal gap. Increase in osmolal gap may occur due to 
increase in unmeasured osmoles. 


Normal Malntenance Fluld and 
Electrolyte Requirements 


The normal maintenance water requirement is equal to the 
insensible and urinary water losses, Holliday and Segar 
guidelines (1957) calculate maintenance fluid volumes to 
match electrolyte-froe water requirements from estimates 
of water of evaporation (heat dissipation) and caloric 
expenditure (heat production), They estimated a daily 
sodium requirement of 3 nilq/kg, potassium and chloride 
2 mEq/kg each and daily glucose requirement as 5 g/kg 
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osmoreceptors 


- 
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Hypothalamus 
Postorior 


pltultary Anterior 
pituitary 


ADH sacretion 


Free water reabsorption 





Decrease In GFR 





Decrease In blood 
volume 


Decrease in renal 
blood flow 


~ 


Renin 


Angiotensin |—— Angiotensinogen 
i Anglotensin-converting enzyme 
Angiotensin II 


In distal tubules and Adrenal 
collecting ducts Aldosterone release 
k Sodium and water 
Water Intake rerervON 
raduces osmolarity + —————————-» _ Restored blood volume 
Fig. 6.4: Regulation of sodium and water balance 

| Table 6.1: Maintenance fluid requirement in healthy children S Ss — a 

Body weight Per day Per hour 

0-10 kg 100 mL/kg 4 mL/kg 

10-20 kg 1000 mL for first 10 kg + 50 mL/kg for each kg beyond 10 kg 40 mL + 2 mL/kg for each kg beyond 10 kg 

>20 kg 1500 mL + 20 mL/kg for each kg beyond 20 kg 60 mL+ 1 mL/kg for each kg beyond 20 kg 


based on the electrolyte composition of human and cow 
milk and recommended 30 mEq/L sodium chloride (saline) 
for maintenance fluid in children. Maintenance I'V fluids in 
an unwell child may be initiated with 0.45% normal saline 
along with 5% dextrose and 20 mEq/L of potassium 
chloride (provided urine output is adequate). This 
composition may be modified according to the clinical state. 
The guidelines for maintenance volume (Table 6.1) assume 
average calorie expenditure in a healthy child. Fluid 
requirements change considerably in different clinical 
conditions (Table 6.2). 


IV fluid with osmolality lower than plasma osmolality 
can cause movement of free water from plasma to red 
blood cells leading to hemolysis. Therefore, infusing plain 


_ Table 6.2: Conditions that alter maintenance fluid needs 


' Increased fluid requirement 


Fever (10-15% per °C 
above 38°C) 
Radiant warmer, 
phototherapy 
‘Burns, sweating 
Physical activity; 
hyperventilation 
Diarrhea, vomiting 
Polyuria, renal 
concentrating defects 
Very low birth welght babies 
(large surface area) | 


Decreased fluid requirement 


Oliguria or anuria 
Humidified ventilator or 
incubator 
Hypothyroidism 


5% dextrose in water or 0.2% or 0.45% saline (without 
dextrose) should be avoided. There is considerable 
evidence that use of hypotonic fluids in sick hospitalized 
patients increases the risk of hyponatremia several fold. 
Normal saline (0.9%) can be safely administered in 
standard maintenance volume without risks of 
hypernatremia or fluid overload, except in patients who 
are fluid restricted (e.g. congestive heart failure, liver and 
renal failure) and those with renal concentrating defect 
(e.g. diabetes insipidus). Hypotonic fluid should only be 
used to achieve a positive free-water balance as in 
replacing renal or non-renal loss of electrolyte-free water. 


The ideal volume for maintenance fluid is debated. 
Conventional calculation using weight-based formulae 
often lead to overestimation of electrolyte-free water, and 
excess free water retention that predispose to 
hyponatremia. Therefore, it may be prudent to restrict 
maintenance fluids to 40-60%, especially in critically sick 
children. Fluids should be limited around 400 mL/m? in 
renal failure with oliguria. There is no single maintenance 
intravenous fluid which is suitable for all clinica] scenarios 
and maintenance fluid Prescriptions should be 
individualized. All children receiving IV maintenance 
fluid should be monitored with daily weight, fluid 
balance, clinical and biochemical parameters in cndee to 
maintain homeostasis. Additionally, maintenance IV 
fluids do not replace daily nutrient requirements and 
provide only 20% of daily calories (enough to avoid 
starvation ketoacidosis and diminish protein degradation). 
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f Table 6.3: Clinical assessment of dehydration eed “ 


No dehydration 
<5% in infants; 
<3% in older children 


Decrease in body weight 


Mental status 


Normal 
Thirst Normal 
Skin color and elasticity (turgor) Normal 
Sunken eyes Normal 
Mucous membrane Normal 
Pulse rate Normal 
Capillary refill 2-3 sec 
Blood pressure Normal 


Urine output Slightly decreased 


DEFICIT THERAPY 





The degree of volume depletion is assessed by physical 
examination (Table 6.3). The process of hypernatremia or 
hypertonicity decreases the severity of physical signs of 
volume depletion. All fluid lost should be replaced daily 
to maintain euvolemic state. Steps for providing fluids 
and electrolytes to volume depleted patients are: 


¢ Ifthe patient shows signs of shock, compensated shock 
or features of severe dehydration (Table 6.3), rapidly 
infuse isotonic fluids to restore intravascular volume. 
This is done by infusing 1 to 3 fluid boluses of isotonic 
saline or Ringer’s lactate, 20 mL/kg body weight. 

e Provide fluids to replace calculated/observed volume 
deficit. This is calculated as volume at the rate of 10 mL 
for each percentage weight loss. For example, in 
patients with moderate (some) dehydration, which is 
on an average 7.5% weight loss, the replacement 
volume is 75 mL/kg body weight. If the pre-dehy- 
dration weight is known, the volume of fluid needed 
is 1 liter for every kg of weight loss. 

© Provide fluid and electrolytes to replace the amounts 
lost in normal daily metabolism (maintenance fluids). 


* Provide enough fluid to replace ongoing losses of 

various body fluids (Table 6.4). 

While current literature does not advocate use of one 
type of fluid over another, there is a growing concern of 
hyperchloremic metabolic acidosis with fluid resuscitation 
with normal saline. Balanced fluids, such as Ringer's 


LL oe a A : PES PAE PT OEY 2 
“Table 6.4: Electrolyte composition of body fluids: _ ~hl 


‘Losses Nat Kt cr HCO; 
(mEq/L)... \(mEq/L) (mEq/L) (mEq/L) 

Gastric 60-100 5-20 90-130 0 

Small intestine 80-140 5-15 90-140 40 

Colon’ 60 30 40 15 

Pancreas. 135-145 5-10 70-90 95-120 

Diathea 10-90 10-60 90-190 40. 


~s 





f_ .- <-_ A ae 
Severe dehydration 
>10% in infants; 

>6% in older children 





Some dehydration 
5-10% in infants; 
3-—6% in older children 


Irritable Lethargic to comatose 
Increased Unable to drink 

Cool, pale; mild delay in turgor Cold, mottled; tenting 
Sunken Very sunken 

Dry Very dry 

Slightly increased Tachycardia 

3—4 sec >4 sec 

Normal Normal or low 
Decreased Oliguria, anuria 


lactate, that mimic plasma composition better than normal 
saline may be considered, especially in the setting of 
acidosis. 


SODIUM 


Physiology 


Sodium is the most abundant ion of the extracellular fluid 
compartment and is critical in determining extracellular 
and intracellular osmolality. Normal serum sodium 
concentration varies between 135 and 145 mEq/L. 
Extracellular sodium balance is determined by sodium 
intake relative to sodium excretion. Daily sodium 
requirement is 2 to 3 mEq/kg body weight although 
intakes are generally well in excess. The requirement 
varies with age. It is nearly two- to threefolds higher in 
term and very low birth weight preterm babies, a reflection 
of immaturity of renal tubular function and higher 
requirements for growth. Adult requirements decrease to 
1.5 mEq/kg/d. Urinary sodium excretion represents the 
majority of sodium losses and approximately equals the 
daily intake of sodium. Fractional excretion of sodium is 
generally less than 1% of filtered load. Extrarenal sodium 
losses can be significant via profuse sweating, burns, 
severe vomiting or diarrhea. 


A fall in blood pressure, decrease in sodium delivery 
to the macula densa, or sympathetic stimulation may 
activate the renin-angiotensin axis, generating angiotensin 
II. This results in increase in blood pressure and sodium 
retention caused by enhanced aldosterone secretion. The 
effective circulating volume refers to that part of the 
extracellular fluid that is in the arterial system and is 
effectively perfusing the tissues. The effective circulating 
volume usually varies directly with the extracellular fluid 
volume, and both are proportional to total body Na* 
stores. As a result, the regulation of Na* balance (by 
alteration in its urinary excretion) and maintenance of 
effective circulating volume are closely related. Sodium 


loading tends to produce volume expansion, whereas loss 
leads to volume depletion. 
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Hyponatremia 


Hyponatremia, defined as plasma sodium less than 
IAS mba / Lb, can result from excessive loss of sodium from 
ercessiVe sweating, Vomiting, diarrhea, burns and the 
administration of diuretics (Table 6.5), The most common 
cause of hyponatremia, however, is not a deficiency of 
total body sodium, but an excess of total body water, as 
in the syndrome of inappropriate antidiuresis (SIAD). 
SIAD is seen in association with pulmonary and cranial 
disorders and postoperatively. High levels of vasopressin 
or antidiuretic hormone (ADH) are secreted at a low 
threshold or continuously despite low osmolality. The 
presence of hyponatremia plus a urine osmolality higher 
than maximal dilution confirms the diagnosis. SIAD 
should be differentiated from cerebral salt wasting which 
is also associated with central nervous system disorders. 
In the latter, there is hypovolemic hyponatremia and high 
urinary sodium (>80 mEq/L) due to increase in blood 
levels of natriuretic factor(s). SIAD is characterized by 
euvolemia or mild volume expansion, inappropriate 
urinary concentration (urine osmolality >100 mOsm/kg), 
and high urine sodium (>20-30 mEq/L). In presence of 
elevated ADH levels, there is impaired ability to excrete 
free water with the urine osmolality exceeding that of 
plasma. The treatments are different, as cerebral salt 
Wasting requires replacement of urinary salt-water losses 
While SIAD is managed by fluid restriction. 
Hyperosmolality resulting from non-sodium molecules 
(hyperglycemia, mannitol overdose) draws water from the 
intracellular space to dilute the extracellular sodium 
concentration. Factitious hyponatremia, reported when 
hyperlipidemia (chylomicronemia) or hyperproteinemia 
coexist, is uncommon due to use of ion-selective electrodes. 
Patients are generally symptomatic when serum 
sodium concentration falls below 125 mEq/L or the decline 
is acute (<24 hours). Early features include headache, 


Table 6.5: Causes of hyponatremia 


-Hypovolemic hyponatremia (sodium loss in excess of free 
water) 


Renal loss: Diuretic use, osmotic diuresis, renal salt-wasting, 
adrenal insufficiency, pseudohypoaldosteronism 


Extrarenal loss: Diarrhea, vomiting, drains, fistula, sweat (cystic 
fibrosis), cerebral salt wasting syndrome, third-spacing 
(effusions, ascites) 


_Normovolemic hyponatremla (conditions that predispose 
‘to SIAD) , 


Inflammatory central nervous system disease (meningitis, 
encephalitis), tumors 

Pulmonary diseases (severe asthma, pneumonia) 

Drugs (cyclophosphamide, vincristine) 

Nausea, postoperative 


Hypervolemic hyponatremia (excess free water retention) 


Congestive heart failure, cirrhosis, nephrotic syndrome, acute 
or chronic kidney disease | 


iti ion. Advanced 
nausea, vomiting, lethargy and confusion A 


manifestations are seizures, coma, decorticate posturing, 
dilated pupils, anisocoria, papillederna, cardiac bith A on 
myocardial ischemia and central diabetes In P 
Cerebral edema occurs at levels of 125 mEq/L or !ess. 


Hypo-osmolality causes influx of water peter 
intracellular space, which results 1n cytotoxic ce a 
edema and increased intracranial pressure and can ead 
to brain ischemia, herniation and death. The brain 5 
primary mechanism in adapting to hyponatremia 15 the 
extrusion of intracellular electrolytes and organic 
osmolytes. Some of these organic osmolytes are excitatory 
amino acids, such as glutamate and aspartate that can 
produce seizures in the absence of detectable cerebral 
edema. Major risk factors for developing hyponatremic 
encephalopathy are young age, hypoxerma and neu rological 
disease. Children are at significantly higher risk than are 
adults for developing hyponatremic encephalopathy due 
to their relatively larger brain to intracranial volume ratio 
compared with adults. Hyponatremia in association with 
increased intravascular volume can result in pulmonary 
edema, hypertension and heart failure. Asymptomatic 
hyponatremia in preterm neonates is associated with poor 
growth and development, sensorineural hearing loss and 
a risk factor for mortality in neonates who suffered 
perinatal birth asphyxia. 


Treatment 


The first step is to determine whether hyponatremia is acute 
(<48 hours) or chronic (>48 hours), symptomatic or 
asymptomatic and evaluate the volume status. In 
hypovolemic hyponatremia with hypotension, volume 
resuscitation with normal saline takes precedence over 
treatment of hyponatremia even at the risk of sudden 
increase in serum sodium. Symptomatic hyponatremia 
requires early recognition and prompt mangement with 
IV boluses of hypertonic saline irrespective of the chronicity 
of hyponatremia. Close biochemical and clinical monitoring 
should be provided during management (Box 6.1). 


In asymptomatic cases, the underlying etiology needs 
to be evaluated and corrected. Losses due to renal or 
adrenocortical diseases are suggested by urinary sodium 
concentration of more than 20 mEq/L in the presence of 
clinically relevant volume depletion (Fig. 6.5). Chronic 
hyponatremia should be slowly corrected over 48-7? hours. 
Aggressive therapy with hypertonic saline in patients with 
chronic hyponatremia (where brain adaptation to hypo- 
osmolality is set in by extrusion of intracellular electrolytes 
and organic osmoles) can lead to osmotic demyelination 
syndrome. Patients who develop the demyelination 
syndrome show a biphasic course, with neurological 
improvement followed by deterioration 2-7 days ar 
manifested by mutism, dysarthria, lethargy, spastic 


quadriparesis and pseudobulbar palsy. In clinical practice, 


the distinction between acute and chronic hyponatremi 
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Fig. 6.5: Diagnostic approach to hyponatremia. U(Na*) urinary sodium, MEQ/L; T increased; | decreased 


Box 6.1: Treatment of hyponatremia 





* Treat hypotension first with 20 mL/kg of normal saline or 
Ringer's lactate 


¢ Symptomatic hyponatremia 

- 3-5 mL/kg 3% sodium chloride infused over 1 hour, 
monitor sodium hourly. 

- Aim for first hour of mangement is to increase serum 
sodium by 5-6 mEq/L with resolution of symptoms, 
indicating that patient is awake, alert, responding to 
commands with no headache and nausea 

- Continue 3% saline infusion till patient is asymptomatic 
and serum sodium approaches 130 mEq/L or rises 10 
mEq/L in 4-6 hours; monitor serum sodim 2-4 hourly 

- © Asymptomatic and chronic hyponatremia 

~ Treat underlying etiology 

~ Calculate Na* deficit (mEq/kg) = (130 - serum Na*) x’ 
0.6 x body weight (kg) 

~ Rise of serum sodium should not exceed 0.5 mEq/hour 
or 10 mEq/L in the first 24 hours and an additional 8 
mEq/L during every next 24 hours thereafter until the, 
serum sodium reaches 130 mEq/L. 

— Hypovolemia: Sodium deficit estimated is given as normal 
saline; WHO ORS rehydration solution is preferable for , 
patients able to accept orally 

~ SIAD: Fluid restriction; furosemide and oral salt. 
supplementation, if required ~ . 

— Hypervolemia: Sodium and fluid restriction, diuretics 

 _ Cerebral salt wasting: Fludrocortisone 


is often unclear at initial evaluation. Therefore, 
hyponatremia should be assumed as chronic and corrected 
gradually (<10-12 mEq/ L/day). 42 

In a volume expanded state, fluid restriction alone or 
in combination with diuretics is useful. Fluid restriction 
alone has no role in the management of symptomatic 
hyponatremia. Normal saline is also inappropriate for 
treating hyponatremic encephalopathy due to non- 
hemodynamic states of vasopressin excess, such as SIAD 
and postoperative hyponatremia, as it is not sufficiently 
hypertonic to induce reduction in cerebral edema. V, 
receptor antagonists or vaptans that block the binding 


of ADH to its V, receptor, are yet not recommended for 
treatment of hyponatremic encephalopathy. These agents 
may have a role in treating euvolemic hyponatremia from 
SIAD and hypervolemic hyponatremia in congestive 
heart failure. 


Hypernatremia 


Hypernatremia is defined as increase in serum sodium 
concentration to levels more than 150 mEq/L. It may be 
accompanied by the presence of low, normal or high total 
body sodium content. The major cause of hypernatremia 
is loss of body water, inadequate intake of water, a lack of 
antidiuretic hormone (ADH), or excessive intake of 
sodium (e.g. solutions with high sodium such as sodium 
bicarbonate) (Table 6.6). Diabetes insipidus may result from 
a deficiency of ADH or its end organ unresponsiveness. 

In the presence of an intact thirst mechanism, a slight 
increase in serum sodium concentration (3 to 4 mEq/L) 
above normal elicits intense thirst. The lack of thirst in 
the presence of hypernatremia in a mentally alert child 
indicates a defect in either the osmoreceptors or the cortical 
thirst center. The most objective sign of hypernatremia is 
lethargy or mental status changes, which proceeds to coma 
and convulsions. With acute and severe hypernatremia, 
the osmotic shift of water from neurons leads to shrinkage 
of the brain and tearing of the meningeal vessels and 
intracranial hemorrhage; slowly developing hypernatremia 
is generally well tolerated. The latter adaptation occurs 
initially by movement of electrolytes into cells and later 
by intracellular generation of organic osmolytes, which 
counter plasma hyperosmolarity. 


Treatment 


Treatment involves restoring normal osmolality and 
volume. The speed of correction depends on the rate of 
development of hypernatremia and associated symptoms 
(Box 6.2). Because chronic hypernatremia is well tolerated, 
rapid correction offers no advantage and may be harmful 
since it may result in brain edema. Usually, a maximum 
of 10% of the serum sodium concentration or about 











Table 6.6: Causes of hypernatremia 
Net water loss 
Pure water loss 
Insensible losses 
Diabetes insipidus 
Inadequate breastfeeding 
Hypotonic fluid loss 


Renal: Loop, osmotic diuretics, postobstructive, polyuric phase 
of acute tubular necrosis 


Gastrointestinal: Vomiting, nasogastric drainage, diarrhea: 
lactulose 

Hypertonic sodium gain 

Excess sodium intake 

Sodium bicarbonate, saline infusion 

Hypertonic feeds, boiled skimmed milk 

Ingestion of sodium chloride 

Endocrine: Primary hyperaldosteronism, Cushing syndrome 





Te) et Waal ((s@ligal=ialere) man eslimelicanle 


* Restore intravascular volume with 20 mL/kg normal saline 
over 20 min (repeat until intravascular volume restored) 
¢ Determine time for correction on basis of initial sodium 


concentration: 

Serum sodium level Time 
145-157 mEq/L 24 hours 
158-170 mEq/L 48 hours 
171-183 mEq/L 72 hours 
184-196 mEq/L 84 hours 


* Fluid for correction D5 N/3 to N/4 normal saline (with 
20 mEq/L KCl unless contraindicated) 


¢ Fluid rate: 1.25-1.5 times maintenance 


* Monitor serum sodium q 4 hourly; should not fall by >0.5 


mEgq/L/hour 
¢ Adjust fluid on basis of clinical status and serum sodium 
concentration; if child develops seizures (due to rapid’: 
correction) 3% NaCl (4-6 mL/kg over 30 min) is indicated.’ 
* Replace ongoing losses as they occur | 
¢ Identify and treat the underlying cause 


0.5 mEq/L/hr should be the goal rate of correction. Renal 
replacement therapy is indicated for concurrent renal 
failure and volume overload. 


POTASSIUM 
Physiology 


Potassium being a predominantly intracellular cation, its 
blood level is unsatisfactory indicator of total body stores. 
Normal serum concentration of potassium ranges between 
3.5 and 5 mEq/L. Common potassium-rich foods include 
meats, beans, fruits and potatoes. Gastrointestinal 
absorption is complete and potassium homeostasis is 
maintained predominantly through the regulation of renal 
excretion. The fractional excretion of potassium is about 
10%, chiefly regulated by aldosterone at the collecting duct. 
Renal adaptive mechanisms maintain potassium homeo- 


stasis until the glomerular filtration rate apse. id 
15-20 mL/min. Excretion is increased by ae es ish 
sodium delivery to the collecting duct (e.g. cone esos 
flow (e.g. osmotic diuresis), blood po anes 2 
glucocorticoids, ADH and delivery of negauvely reat 
ions to the collecting duct (e.g. bicarbona wes poe Es are 
the proportion of potassium excreted t eee eu 
increases, chiefly by the colon in exchange 

m. 
say te eee and insulin play important roles in 
potassium homeostasis. Insulin stimulated by fake 
ingestion increases uptake of potass!um lM muscle . : 
through increased activity of the sodium pump. High 
potassium levels stimulate its renal secretion via aldos- 
terone-mediated enhancement of distal expression of 
secretory potassium channels (ROMK). Insulin, beta- 
adrenergic stimuli and alkalosis enhance potassium entry 
into cells. The reverse happens with glucagon, G-adrener- 
gic stimuli and acidosis. 


Hypokalemia 


Hypokalemia is defined as a serum potassium level below 
3.5 mEq/L. The primary pathogenetic mechanisms result- 
ing in hypokalemia include increased losses, decreased 
intake or transcellular shift (Table 6.7). Vomiting, a 
common cause of hypokalemia, produces volume deple- 
tion and metabolic alkalosis. Volume depletion leads to 
secondary hyperaldosteronism, which enhances sodium 
resorption and potassium secretion in the cortical 
collecting tubules. Metabolic alkalosis also increases 
potassium secretion due to the decreased availability of 
hydrogen ions for secretion in response to sodium 
reabsorption. 

Regardless of the cause, hypokalemia produces similar 
signs and symptoms. Symptoms are nonspecific and 
predominantly are related to muscular or cardiac function. 
Severe hypokalemia (<2.5 mEq/L) may cause muscle 
weakness (neck flop, abdominal distension, ileus) and 
produce cardiac arrhythmias. Chronic hypokalemia is 
associated with interstitial renal disease of uncertain 
pathogenesis. Hypokalemia increases the risk of digoxin 
toxicity by promoting its binding to myocytes, potentiating 
its action and decreasing clearance. 


Treatment 


Patients should be evaluated to dete 
causes and determine whether j 
hypertension and acidosis or alkalosis 
may be a clue to primary hyperald 
stenosis, or the rarer forms of gen 
tension such as soupenttal adre 
corticoid remediable hypertens; 
Relative hypotension rake Stieingicc or Liddle syndrome. 


is su soon tug 
a tubular disorder such as Bartter or oe pact 80 
Therapy involves decr easing Ongoing losses (e.g- 


discontinuation of diuretics, “2-agonists), replenishing 


rmine the underlying 
t is associated with 
(Fig. 6.6). Hypertension 
osteronism, renal artery 
etically inherited hyper- 
nal hyperplasia, gluco- 
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Hypokalomla 


(serum K’ <3.5 mEq/L) 
’ 


Exclude spurious values 
'(8.g. cellular uptake In leukocytosis) 


Urine K’ <20 mEq/L, TTKG <a | 
(nonrenal cause) 


Gastrointestinal losses 
Diarrhea, small intestine 
drainage, villous adenoma 


Transcellular shift 


Insulin, B-adrenergic agonist, 
alkalosis, periodic paralysis 


Poor Intake 
Anorexia nervosa 





Table 6.7: Causes of hypokalemia 


Increased losses 

Renal 

Renal tubular acidosis (proximal or distal) 

Drugs (loop and thiazide diuretics, amphotericin B, 
aminoglycosides, corticosteroids) 

Cystic fibrosis 

Gitelman syndrome, Bartter syndrome, Liddle syndrome 
Ureterosigmoidostomy 

Mineralocorticoid excess (Cushing syndrome, hyperal- 
dosteronism, congenital adrenal hyperplasia (11 B-hydroxylase, 
17a-hydroxylase deficiency) 

High renin conditions (renin secreting tumors, renal artery 
stenosis) 


Extrarenal 


Diarrhea, vomiting, nasogastric suction, sweating 
Potassium binding resins (sodium polystyrene sulfonate) 


Decreased Intake or stores 


Malnutrition, anorexia nervosa 
Potassium-poor parenteral nutrition 


Intracellular shift e: 
Alkalosis, high insulin state, medications (B.-adrenergic 
agonists, theophylline, barium, hydroxychloroquine), refeeding 
syndrome, hypokalemic periodic paralysis, malignant 
hyperthermia, thyrotoxic periodic paralysis 


potassium stores (oral or intravenous administration of 
potassium chloride) and disease-specific therapy for the 
conditions such as Bartter and Gitelman syndrome (e.g. 
indomethacin, angiotensin-converting enzyme inhibitors) 
(Box 6.3). 


Hyperkalemia 


Hyperkalemia, defined as serum potassium level 
exceeding 5.5 mEq/L, is most commonly associated with 





RTA type 1,2 
Diabetic ketoacidosis 
Ureterosigmoid diversion 


Fig. 6.6: Diagnostic approach to hypokalemia. K* potassium; RTA renal tubular acidosis; TIKG transtubular potassium gradient 


| Metabolic acidosis | 


| 











— eae 
Spot urine potassium, serum and Urine K’ >20 mEq/L, TTKG >4 | 
| ~ "4 urine osmolality, TTKG | 


(renal K’ losses) 


| Metabolic alkalosis | 









|Hypertension | Normal, low 
‘blood pressure. 


—_——--- 


Primary hyperaldosteronism 
Congenital adrenal hyperplasia 
Liddle syndrome 





Diuretics 
Bartter and Gitelman 
syndromes 








c 





Box 6.3: Treatment of hypokalemia 





¢ IV supplementation 


Indication: Symptomatic patients, severe hypokalemia 

(<2.5 mEq/L), ECG abnormalities 

— Potassium chloride (15%; 2 mEq/mL,; 0.5-1 mEq/kg/ 
dose) given as IV infusion over 1-2 hr. Infusion rate 
should not exceed 1 mEq/kg/hr; concentration of 
potassium should not exceed 60 mEq/L (peripheral line) 
and 80 mEq/L (central line) 


* Oral supplementation 
— Dose: 2-4 mEq/kg/day in 3-4 divided doses 
— Potassium chloride (10%; 20 mEq/15 mL); potassium 
citrate used in renal tubular acidosis. Liquid preparations 
are bitter and may be diluted with juice or water 


¢ Stop and replace ongoing losses, volume resuscitation with | 


normal saline, correct hypomagnesemia, treat underlying 
etiology 


renal insufficiency, acidosis and diseases that involve 
defects in mineralocorticoid, aldosterone and insulin 
function. Sudden and rapid onset of hyperkalemia is one 


of the most serious electrolyte disturbances and result in 
severe cardiac arrhythmia. 


Factitious or pseudohyperkalemia can occur because 
of the practice of squeezing of extremities during phle- 
botomy or blood sampled from a limb being infused with 
potassium-containing fluid or hemolysis of a standing 
sample. Thrombocytosis and leukocytosis can also lead 
to false elevation of serum potassium levels. True hyper- 
kalemia is caused by one or more of three mechanisms: 
Increased potassium intake, extracellular potassium shifts 
and decreased excretion (Table 6.8). Increased potassium 
intake may result from inappropriate intravenous or oral 
potassium supplementation. Packed red blood cells have 
high concentrations of potassium that can lead to 
hyperkalemia. Acidosis results in transcellular potassium 





Table 6.8: Causes of hyperkalemia 


Decreased losses 

Renal failure 

Renal tubular disorders; Pseudohypoaldosteronism, urinary 
tract obstruction 

Drugs: ACE inhibitors, angiotensin receptor blockers, 
potassium sparing diuretics, NSAIDs, heparin 
Mineralocorticoid deficiency; Addison disease, 21-hydroxylase 
deficiency, 3()-hydroxysteroid dehydrogenase deficiency 


Increased intake 


Intravenous or oral potassium intake; packed red cells 
transfusion 


Extracellular shift 

Acidosis, low insulin state, medications (f-adrenergic blockers, 
digitalis, succinylcholine, fluoride), hyperkalemic periodic 
paralysis, malignant hyperthermia 

Cellular breakdown 


Tumor lysis syndrome, rhabdomyolysis, crush injury, massive 
hemolysis 


shift, but any cellular injury that disrupts the cell mem- 
brane (e.g. tumor lysis syndrome, rhabdomyolysis, crush 
injury, massive hemolysis) can cause hyperkalemia. 

Patients may report nausea, vomiting and paresthesias 
or nonspecific findings of muscle weakness (skeletal, 
respiratory), fatigue and ileus. Clinical manifestations are 
related to the effects of elevated potassium levels on cardiac 
conduction since they interfere with repolarization of the 
cellular membrane. ECG changes appear progressively 
with rising serum potassium and include tall, peaked 
T waves (5.5 to 6.5 mEq/L), prolonged PR interval, flat P 
waves, wide QRS complex (6.5 to 8.0 mEq/L), absent P 
waves, bundle branch blocks and eventually sine waves 
(>8.0 mEq/L). 

The transtubular potassium gradient (TTKG) accounts 
for the confounding effect of urine concentration on 
interpretation of urine potassium excretion. 

(urine potassium x serum osmolality ) 


TTIKG = 
(serum potassium x urine osmolality) 


This test cannot be applied when the urine osmolality 
is less than the serum osmolality. Normal TTKG varies 
between 6 and 12. It should rise to >10 in patients with 
hyperkalemia. A value <5 signifies in appropriate 
aldosterone effect. An increase in TIKG >7 after 
administration of physiologic dose of fludocortisone 
suggests mineralocorticoid deficiency; <7 suggests 
resistance. 


Treatment 


Hyperkalemia is a medical emergency, requiring prompt 
discontinuation of potassium-containing fluids and 
administration of medications that ensure stability of myo- 
cardial membrane, intracellular shift of potassium and 
enhance its elimination (Box 6.4). Continuous ECG moni- 
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Box 6.4: Tieainentonvoeralcrnld 
m-containing fluids and 





* Prompt discontinuation of potassiu 


_ 
medications that lead to hy perkalem! . 
¢ Stabilize myocardial cell membrane to prevent cardiac 


arrhythmia. Use IV 10% calcium gluconate Stee 
chloride), at 0.5-1 mL/kg over 5-10 minutes “ : ac 
monitoring. Discontinue, if bradycardia develop 

° Enhance cellular uptake of potassium Ss 
Regular insulin and glucose [V: (0.3 U regular insulin/g 
glucose over 2 hr) 
Sodium bicarbonate IV: 1 
20-30 minutes 
B-adrenergic agonists (salbutamo 
IV 

¢ Total body potassium elimination 
Sodium polystyrene sulfonate (Kayexalate) oral/ per 
rectal: 1 g/kg (max. 15 g/ dose) oral or rectal enema in 
20-30% sorbitol : 
Loop or thiazide diuretics (if renal function is maintained) 

* Hemodialysis: For severe symptomatic hyperkalemia, 
particularly in patients with impaired renal functions or 
tumor lysis 

¢ Primary or secondary hypoaldosteronism: Require 
maintenance steroids and mineralocorticoid supplements 


~2 mEq/kg body weight over 


|, terbutaline) nebulized or 


toring should be performed. Treatment should be 
individualized based upon the presentation, potassium 
level, and ECG changes. If the hyperkalemia is severe 
(potassium >7.0 mEq/L) or the patient is symptomatic 
with ECG changes, therapy should be initiated promptly 
with intravenous calcium gluconate, followed by sodium 
bicarbonate, insulin-glucose infusion and/or nebulized 
B,-agonists. Hemodialysis may be needed in the more 
refractory patients. Milder elevations (5.5-6.5 mEq/L) are 
managed with elimination of potassium intake, dis- 
continuation of potassium sparing drugs and treatment 
of the underlying etiology. Children with primary or 


secondary hypoaldosteronism require stress-dose steroid 
supplements and mineralocorticoids, 


CALCIUM 
ioe id 


Physiology 


Ninety-eight percent of body calcium is found in the 
skeleton which is in equilibrium with the extracellular 
concentration of calcium. Approximately 1 to 2% of bod 
calcium exists in the ECF for physiological functions like 
blood coagulation, cellular communication, exocytosis 
endocytosis, muscle contraction and neuromuiseilat 
transmission. Calcium affects the intracellular processes 
through its calcium-binding regulatory protein, aieauie 
Most of the filtered calcium is reabsorbed in the 
proximal tubule (70%), ascending loop of Henle (20%) and 
the distal tubule and collecting duct (5-10%) Factors that 
promote calcium reabsorption include parathormone 
(PTH), calcitonin, vitamin D, thiazide diuretics and 
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volume depletion. Volume ex 
intake and diuretics sych 
romote calcium excretion. 


| The intestine Serves asa long-term homeostatic mecha- 
nism for calcium. Although the major source of calcium 
is dietary, less than 15% of dietary calcium is absorbed, 
primarily in the ileum and jejunum by means of active 
transport and facilitated diffusion. Calcium is controlled 
primarily by major regulatory hormones, PTH, calcitonin 
and vitamin D. Additionally thyroid hormones, growth 
hormone, adrenal and gonadal steroids also have minor 
influences on calcium metabolism. 

Role of the calcium-sensing receptor. The calcium-sensing 
receptor (CaSR) isa G protein-coupled receptor, which 
allows the parathyroid chief cells, the thyroidal C cells 
and the ascending limb of the loop of Henle (renal tubular 
epithelial cells) to respond to changes in the extracellular 
calcium concentration. The ability of the CaSR to sense 
the serum calcium is essential for the appropriate 
regulation of PTH secretion by the parathyroid glands 
and for the regulation of passive paracellular calcium 
absorption in the loop of Henle. Calcitonin secretion and 
renal tubular calcium reabsorption are directly regulated 
by the action of calcium ion on its receptor. Ionized 
calcium acts through calcitonin, to inhibit its release from 


Pansion, increased sodium 
aS mannitol and frusemide 


Decreased plasma calcium 















bones, Decrease in extracellular calcium concentration, 
stimulates the CaSR in parathyroid glands, resulting in 
an increase in PTH secretion (Fig. 6.7). PTH increases 
distal renal tubular reabsorption of calcium within 
minutes and stimulates osteoclast activity, with release 
of calcium from the skeleton within 1-2 hours. More 
prolonged PTH elevation stimulates 1¢-hydroxylase 
activity in the proximal tubular cells, which leads to 1, 
25-dihydroxyvitamin D production. In the kidney, 
vitamin D and PTH stimulate the activity of the epithelial 
calcium channel and the calcium-binding protein (i.e. 
calbindin) to increase active transcellular calcium 
absorption in the distal convoluted tubule. These 
mechanisms help to maintain normal levels of serum 
calcium, 

Plasma calcium exists in three different forms: 50% as 
biologically active ionized form, 45% bound to plasma 
proteins (mainly albumin) and 5% complexed to phosphate 
and citrate. In the absence of alkalosis or acidosis, the 
proportion of albumin-bound calcium remains relatively 
constant. Metabolic acidosis leads to increased ionized 
calcium from reduced protein binding and alkalosis has 
the opposite effect. Plasma calcium is tightly regulated 
despite its large movements across the gut, bone, kidney 
and cells in the normal range of 9-11 mg/dL. 
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Fig. 6.7: Regulation of plasma calcium. Reduction in ionized calcium results In parathormone secretion, which through direct and 
indirect actions on the bones, intestine and the kidneys results in positive calcium balance. Calcitonin results in accretion of bone 


Mass, Discontinuous lines indicate inhibitory control 





me 7 | 








Because calcium binds to albumin and only the unbound 
(free or ionized) calcium is biologically active, the serum level 
must be adjusted for abnormal albumin levels. For every 
1 g/dL drop in serum albumin below 4 g/dL, measured 
serum calcium decreases by 0.8 mg/dL. Corrected calcium 
can be calculated using the following formula: 

Corrected Ca = 
[4— plasma albumin in g/dL] x 0.8 + measured serum calcium 


Alternatively, serum free (ionized) calcium levels can 
be directly measured, negating the need for correction for 
albumin. 


Hypocalcemia 


Hypocalcemia is defined as serum calcium less than 
8 mg/dL or ionized calcium below 4 mg/dL. The causes 
and algorithm for investigating the etiology are shown in 
Table 6.9 and Fig. 6.8. Hypocalcemia manifests as central 
nervous system irritability and poor muscular contractility. 
Newborns present with nonspecific symptoms such as 
lethargy, poor feeding, jitteriness, vomiting, abdominal 
distension and seizures. Children may develop seizures, 
twitching, cramps and rarely laryngospasm (Box 6.5). 
Tetany and signs of nerve irritability may manifest as 
muscular twitching, carpopedal spasm and stridor. Latent 
tetany can be diagnosed clinically by clinical maneuvers 
such as Chvostek sign (twitching of the orbicularis oculi 
and mouth elicited by tapping the facial nerve anterior to 
the external auditory meatus) and the Trousseau sign 
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Low serum calcium 


Correct for level of serum albumin; 
measure ionized calclum 


25(OH)D, low = 25(OH)D, normal 


Low 
| |Hypoparathyroidism]| | 
yroidism 





4 Essentlal Pediatrics ee a 


_— 


Table 6.9: Causes of hypocalcemia : - 
Neonatal: Early (within 48-72 hours atter wut) lg i 
days after birth) neonatal hypocalcemia, eee sh ; 
diabetic mother; neonates fed high phosphate 
of parathyrold glands, 
dohypoparathyroidism; 
tions of calcium 


Parathyroid: Aplasla or hypoplasia 
DiGeorge syndrome, idiopathic; pseu e 
autoimmune parathyroiditis; activating mu 
sensing receptors 


Vitamin D: Deficiency; resistance to peel action; acquired 
or inherited disorders of vitamin D metabolism 


Others: Hypomagnesemia; hyperphosphatemia oomebthars 
renal failure); malabsorption syndromes, metabolic alkalosis; 


hypoproteinemia; acute pancreatitis 


Drugs: Prolonged therapy with frusemide, corticosteroid or 
phenytoin 


Box. 6.5: Clinical features of a\yevelere |e iaalle 


* Carpopedal and muscle spasms 
¢ Tetany 

« Laryngospasm 

¢ Paresthesias 

e Seizures 


Irritability, depression, psychosis 
* Intracranial hypertension 
¢ Prolonged QTc interval 


Low 


Serum magnesium 


Low 
Correct hypomagnesemia 


Low 


+ 
25(OH)D, and 1,25(OH),D, levels 


1,25(OH).D, 


1,25(0H),D;low high 
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Fig. 6.8: Algorithm for evaluation of hypocalcemia. VDDR vitamin D dependent rickets 


ee ee oe 


| 


—_———__Fluld and Electrolytic Dieturbances 


(carpopedal spasm elicited by inflating a blood pressure 
cuff on the arm to a pressure above the systolic pressure 
for 3 min). ECG shows prolonged corrected QT interval 
(QTc) te more than 0.45 seconds. Cardiac function may be 
impaired because of poor muscle contractility. Prolonged 
hypocalcentia can present with features of rickets. 


Management 


Tetany, laryngospasm and seizures must be treated 
immediately with 2 mL/kg of 10% calcium gluconate, 
administered IV slowly under cardiac monitoring. Calcium 

luconate 10% (100 mg/mL) IV solution contains 
98 mg/mL (0.45 mEq/mL) elemental calcium; calcium 
chloride 10% (100 mg/mL) contains 27 mg/mL (1.4 mEq/ 
mL). Initially, 1V calcium boluses are given every 6 hr. 
Thereafter, oral calcium supplementation is provided at 
40-80 mg/kg/day. Oral calcium therapy is used in 
asymptomatic patients and as follow-up to intravenous 
([V) calcium therapy. Intravenous infusion with calcium- 
containing solutions can cause severe tissue necrosis; 
therefore, integrity of the IV site should be ascertained 
before administering calcium through a peripheral vein. 
Rapid infusion of calcium-containing solutions through 
arterial lines can cause arterial spasm and if administered 
via an umbilical artery catheter, intestinal necrosis. 
Magnesium administration is necessary to correct any 
hypomagnesemia because hypocalcemia does not respond 
until the low magnesium level is corrected. In patients 
with concurrent acidemia, hypocalcemia should be 
corrected first. Acidemia increases the ionized calcium 
levels by displacing calcium from albumin. If acidemia 1s 
corrected first, ionized calcium levels decrease. 

Calcium carbonate is an oral supplement providing 40% 
elemental calcium. Therapy with cholecalciferol is used 
in patients with vitamin D deficiency. Calcitriol, an active 
metabolic form of vitamin D (ie. 1,25-dihydroxychole- 
calciferol), is administered in liver or renal disease. 


Hypercalcemia | a 
H ‘4 is defined as a serum Ca cium level greate 
oan sahil, Because calcium metabolism eis) ‘ 
tightly controlled by the body, even mild pan = 
elevations should be investigated. Etiologies ; : yper 
calcemia vary by age and other factors (Ta e 6.10). 
Hypercalcemia is often asymptomatic, although eee anes 
symptoms at levels as low as 12 mg/ dL and bees ent ve 
values above 15 mg/dL. Such high values are, peated 
rarely encountered and present as Rt mt oe ; 
Neonates may be asymptomatic or may ae as 
hypotonia hypertension or seizures. Stiga a 
children ae summarized in Box 6.6 and in u oa etek 
malaise, headache, confusion, unsteady gait at ap let 
muscle weakness. Abdominal pain with re Cee 
Nausea, vomiting and constipation are 0 a pees 
Ectopic calcification can lead to symptoms of P ’ 


j “Table 6.10: Causes of hypercalcemia 

Neonates 

Neonatal primary hyperparathyroidism, secondary hyper- 
parathyroidism 

Familial hypocalciuric hypercalcemia 

Excessive supplementation of calcium | 
William syndrome, hypophosphatasia, idiopathic infantile 


hypercalcemia 


Older children 

Hyperparathyroidism (parathyroid adenoma, autosomal 
dominant hereditary hyperparathyroidism, multiple endocrine 
neoplasia type 1) 

Malignancies: Non-Hodgkin or Hodgkin lymphoma, Ewing 
sarcoma, neuroblastoma, Langerhans cell histiocytosis, 
rhabdomyosarcoma 

Granulomatous disease: Sarcoidosis, tuberculosis, Wegener 
disease, berylliosis 

Others: Vitamin D or A intoxication; thiazide diuretics; milk- 
alkali syndrome; dietary phosphate deficiency; subcutaneous 
fat necrosis; thyrotoxicosis; prolonged immobilization 


with epigastric pain and vomiting. Ectopic calcification can 
manifest as conjunctivitis or band keratopathy. Renal 
manifestations due to renal stones and nephrocalcinosis can 
progress to renal failure, and polyuria and polydipsia occur 
due to nephrogenic diabetes insipidus. 


Treatment 


The initial treatment of hypercalcemia involves hydration 
to improve urinary calcium excretion. Rapid lowering of 
serum calcium can be expected with isotonic sodium 
chloride solution, because increasing sodium excretion 
increases calcium excretion. Addition of a loop diuretic 
inhibits tubular reabsorption of calcium but attention 
should be paid to other electrolytes (e.g. magnesium, 
potassium) during saline diuresis. Bisphosphonates serve 
to block bone resorption and decrease serum calcium within 
a couple of days but have not been used extensively in 
children. Pamidronate and etidronate have been used in 
the treatment of hypercalcemia due to malignancy, 
immobilization and hyperparathyroidism but may cause 
mineralization defects. IV calcitonin may also be used with 
bisphosphonates. 

Peritoneal dialysis or hemodialysis can be used in 
extreme situations, particularly in patients with renal 
failure. Calcimimetics (cinacalcet hydrochloride) change the 


Box 6.6; Clinical features of hypercalcemia 


_ Lethargy, confusion, Bradycardia, systemic 


depression, coma hypertension, headache. 
_Hyporeflexia Nephrocalcinosis, 
- Muscle weakness ’ nephrolithiasis 4 
Constipation Reduced QTc interval «* ' 
Polyuria 4 me OTS Ae 


‘ 
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‘ oes ves and 
configuration of the CaSR in a manner that makes it more _ nonspecific T wave changes, U wa 


sensitive to serum calcium. Surgical intervention may be 
needed in patients with hyper-parathyroidism, particularly 
with recurrent renal stones or serum calcium levels higher 
than 12.5 mg/dL. Subtotal parathyroidectomy can be 
performed, or complete parathyroidectomy can be chosen 
with reimplantation of a small amount of tissue in the 


forearm. 


MAGNESIUM 





Physiology 


Magnesium is the third-most abundant intracellular cation 
predominantly located in muscle and liver cells. Most 
intracellular magnesium is bound to proteins; only 
approximately 25% is exchangeable. 

Magnesium plays a fundamental role in many functions 
of the cell, including energy transfer and storage and nerve 
conduction. Magnesium also plays important role in 
protein, carbohydrate, and fat metabolism, maintenance 
of normal cell membrane function and regulation of PTH 
secretion. 

Dietary sources include green leafy vegetables, cereals, 
nuts and meats. Absorption of magnesium takes place 
primarily in the small intestine and is inversely related to 
the amount of magnesium, calcium, phosphate and fat. 
PTH and glucocorticoids increase magnesium absorption. 
Absorption is diminished in presence of substances that 
complex with magnesium (free fatty acids, fiber, phytate, 
phosphate, oxalate); increased intestinal motility and 
calcium also decrease magnesium absorption. Vitamin D 
and PTH enhance absorption. Renal excretion is the 
principal regulator of magnesium balance. Reabsorption 
occurs chiefly in the thick ascending loop of Henle (70%) 
and to a smaller extent in the proximal (15%) and distal 
(5-10%) tubules. Fractional excretion of magnesium 
exceeding 4% indicates renal magnesium wasting. 


Hypomagnesemia 


Hypomagnesemia develops from decreased intake or 
more commonly increased losses which could be 
gastrointestinal (diarrhea, vomiting, nasogastric suction) 
or renal (chronic use of thiazide diuretics, recovery phase 
of acute tubular necrosis, Gitelman syndrome, familial 
hypomagnesemia-hypercalciuria-nephrocalcinosis), 
Symptomatic magnesium depletion (occurs at levels below 
1.2 mg/dL) is often associated with multiple biochemical 
abnormalities, including hypokalemia, hypocalcemia and 
metabolic acidosis. As a result, hypomagnesemia is 
sometimes difficult to attribute solely to specific clinical 
manifestations. Hypomagnesemia often leads to hypo- 
calcemia, possibly by inhibition of PTH activity. 
Neuromuscular manifestations of hypomagnesemia 
include muscle weakness, tremors, seizures, paresthesias, 
tetany, positive Chvostek sign, Trousseau signs and 
nystagmus. Cardiovascular manifestations include 


interval and arrhythmias. 


Treatment 


Therapy can be oral for pa! 
intravenous for patients W1 


tients with mild symptoms or 
th severe symptoms Or those 
unable to tolerate oral administration. Severe pile 
gnesemia is treated with slow aetna bape 2 
magnesium sulfate (50% solution) ata dose of ea Fie 3 
(2.5-5.0 mg/kg of elemental magnesium). e€ ees 
repeated every 6hr, fora total of 2-3 doses. Doses igs e 
reduced in children with renal insufficiency. Or eee 
ment should be given in the asymptomatic oe or ; oe 
requiring long-term replacement, preferab y ie a 
sustained-release preparation to avoid diarrhea. Jral 
magnesium preparation provides 5-7 mEq of magnesium 
per tablet. Two to four tablets may be sufficient for mild, 
asymptomatic disease while severe cases require Up to six 
to eight tablets, to be taken daily in divided doses. Patients 
with renal magnesium wasting may benefit from diuretics 
with magnesium-sparing properties, such as spironolactone 


and amiloride. 


Hypermagnesemia 

Serum magnesium >2.5 mg/dL is uncommon in children 
and may be seen in the setting of renal insufficiency, 
prolonged use of magnesium containing antacids or in 
neonates born to mothers given magnesium sulfate as a 
treatment for eclampsia. Symptoms of hypermagnesemia 
are nonspecific at lower levels: nausea, vomiting, 
flushing, lethargy, weakness and dizziness. At higher 
levels, deep tendon reflexes are depressed which may 
progress to coma and respiratory depression. Effects on 
the heart may result in prolongation of intervals on ECG 
or manifest as arrhythmias, complete heart block and 
asystole. 


Treatment 


In patients with mildly increased levels, the source of 
magnesium may simply be removed. Intravenous calcium 
directly antagonizes the cardiac and neuromuscular effects 
of excess extracellular magnesium, Dialysis may be used 
for patients with severe hypermagnesemia and renal 
impairment, or those with serious cardiovascular or 
neuromuscular symptoms. 


ACID-BASE DISORDERS 
Regulation of Acid-Base Equilibrium 


The body is sensitive to changes in blood 
disturbances in acid-base homeostasis ft thi in 
denaturation of proteins and inactivation of enzymes that 
may be potentially fatal, Strong mechanisms exist to 
regulate acid-base balance and maintain arterial PH (7.35 
to 7.45), pCO, (35 to 45 mm Hg) and HCO- | 
within a narrow range. peri ae Biase) 
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pH of body fluids is calculated using the Henderson- 
Hasselbach equation: 


PH = pK + log (HCOS/pCo,] 


where PK is the dissociation constant of the acid. 
Alteration in either serum bicarbonate concentration or 
the partial pressure of carbon dioxide causes acidosis (pH 
<7.35) or alkalosis (pH >7.45). Metabolic activity results in 
production of two types of acids, carbonic acid (a volatile 
acid, derived from carbon dioxide) and nonvolatile acids 
(including sulfuric acid, organic acids, uric acid and 
inorganic phosphates). Accumulation of H* ions of 
nonvolatile acids due to excess production or inadequate 
buffering, failure to excrete H* or loss of bicarbonate results 
in metabolic acidosis. If the reverse occurs, it results in 
metabolic alkalosis. The principle mechanism for carbon 
dioxide handling is by the lungs. Hyperventilation results 
in CO, washout and drop in arterial pCO, (respiratory 
alkalosis), hypoventilation has the opposite effect 
(respiratory acidosis). When only one primary acid-base 
abnormality occurs and its compensatory mechanisms are 
activated, the disorder is classified as simple acid-base 
disorder. A simple algorithm for defining simple acid- 
base disorders is shown in Fig. 6.9. When a combination 


|: 


of disturbances occurs, the disorder is classified as a mixed 
acid-base disorder. The latter are suspected when the 
compensation in a given patient differs from the predicted 
values in Table 6.11. 

In order to maintain body homeostasis, changes in pH 
are resisted by a complex system of intracellular and extra- 
cellular buffers that reversibly bind hydrogen ions and 
resist change in pH. In metabolic disorders, the 
extracellular buffers rapidly titrate the addition of strong 
acids or bases. Intracellular buffers chiefly accomplish the 
buffering of respiratory disorders. Secondary respiratory 
compensations to metabolic acid-base disorders occur 
within minutes and is completed by 12 to 24 hours. In 
contrast, secondary metabolic compensation of respiratory 
disorders begins more slowly and takes 2 to 5 days for 
completion. The compensatory mechanisms do not return 
the pH to normal until the underlying disease process has 
been appropriately treated. Extracellular buffers include 
bicarbonate and ammonia, whereas proteins and 
phosphate act as intracellular buffers. Hemoglobin is a 
powerful intracellular buffer because its negatively 
charged histidine moieties accept H*, normalizing the pH. 
Other proteins also have negative charges that can accept 
Ht. 
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Fig. 6.9: Algorithm for simple acid-base disorders 


Table 6.11: Compensation for primary acid-base disorders 


Disorder Primary event Compensation Expected Compensation 
Metabolic acidosis 4 [HCO3] + pCO, pCO, | by 1-1.5 mm Hg for 1 mEq/L J [HCO;] 
Metabolic alkalosis T [HCO3] T pCO, pCO, T by 0.5-1 mm Hg for 1 mEq/L T [HCO3] 
Respiratory acidosis F : 
Acute (<24 hours) T pCO, Prine (HCO5] T by 1 mEq/L for 10 mm Hg T pCco, 
Chronic (3-5 days) T pCO, [HCO;] [HCO5] T by 4 mEd/L for 10 mm Hg T pCO, 
Respiratory alkalosis. \ ‘ 
Acute (<24 hours) 4 pCOz | Napa) [HCO5] J by 1~3 mEq/L for 10 mm Hg 1 pCo, . 
Chronic (3-5 days) 4 pCOz [HCO5] [HCO5] J by 2-5 mEq/L for 10 mm Hg | pCO,» 
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Bicarbonate-carbonic acid buffer in the extracellular fluid, 
is the key buffer as carbon dioxide (CO,) can be shifted 
through carbonic acid (H,CO,) to hydrogen ions and 
bicarbonate (HCOS): 

H,0 + CO,< H,CO, @ H*+ HCO; 

Acid-base imbalances that overcome the buffer system 
can be compensated in the short-term by altering the rate 
of ventilation, which alters the pCO,. While this is a rela- 
tively weak buffer, itaccounts for 55% of the buffering capa- 
city because of its sheer abundance, When H* concentration 
increases the above reaction shifts to the left, more CO, is 
generated and exhaled from the lungs, moderating the 
change in pH. 


Renal Regulation of Acid-Base Bolance 


The kidneys are slower to compensate, but renal 
physiology has several powerful mechanisms to control 
pH by the excretion of excess acid or base. Kidneys are 
the principal regulators of bicarbonate mainly by two 
methods: (i) resorption of HCO; mostly in proximal 
convoluted tubules and (ii) excretion of H* and, therefore, 
generation of HCO;, primarily by the distal tubules and 
collecting ducts. In response to acidosis, tubular cells 
reabsorb more bicarbonate from the tubular fluid, 
collecting duct cells secrete more hydrogen and generate 
more bicarbonate, and ammoniagenesis leads to increased 
formation of renal ammonia (Fig. 6.10). In responses to 
alkalosis, the kidneys excrete more bicarbonate by 
decreasing hydrogen ion secretion from the tubular 
epithelial cells, and lowering rates of glutamine meta- 
bolism and ammonia excretion. 

Bicarbonate-carbonic acid in the kidney tubules: H* ions 
secreted from the tubular cells combines with luminal 
HCO; to form water and CO,. The CO, enters the tubular 
cell and combines with water, in presence of carbonic 
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Fig. 6.10: Renal regulation of acid-base disorders. 1 = bicarbonate-carbonic acid buffer; 2 = 
dihydrogen phosphate buffer; 3 = ammonia-ammonium buffer 
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ar cells, as follows: y, 
err Na,HPO ,— NaH,PO, + Na’. The weakly acidic 
sodium dihydrogen phosphate is excreted in the urine. 
Ammonia-ammonium buffer: In tubular cells, glutamine 


is converted to glutamic acid and ammonia, the reaction 
catalyzed by glutaminase. A 


mmonia is secreted in the 
lumen and combines with H* to form ammonium ions, 
which are excreted in urine. | 
Sodium-hydrogen exchange in the distal tubule; The distal 
tubular cells actively reabsorb Na‘; to maintain electro- 
neutrality, H* ions are exchanged. The latter combine with 
either monohydrogen phosphate or ammonia and are 
excreted. 


Anion Gap 


To achieve electrochemical balance, the number of 
negatively charged ions (anions) should equal the 
positively charged ions (cations). Measured plasma anions 
are chloride and bicarbonate, and the unmeasured anions 
include phosphates, sulfates and proteins (e.g. albumin). 
Under typical conditions, unmeasured anions exceed 
unmeasured cations; this is referred to as the anion gap 
and can be represented by the following formula: 


Anion gap = (Na*) - (Cl + HCO) 


The anion gap is normally 8 to 12 mEq/L. Whenastrong 
acid is added to or produced in the body, hydrogen ions are 
neutralized by bicarbonate, resulting in a fall in bicarbo- 
nate. These acids include inorganic (e. g. phosphate or 
sulfate), organic (e.g. ketoacids or lactate) or exogenous 
(e.g. salicylate) acids incompletely neutralized by bicar- 
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bonate. The accompanying unmeasured anion results in 
increased anion gap proportional to the fall in bicarbonate. 
In contrast, When the bicarbonate is lost from the body, no 
new anion 1S generated; therefore, there is a reciprocal 
increase in chloride ions (proportional to the fall in bicarbo- 
nate) resulting in normal anion gap. Hypoalbuminemiia is 
the most common cause of a low anion gap. Albumin 
represents about half of the total] unmeasured anion pool; 
for every decrease of 1 g/dL of plasmaalbumin, the plasma 
anion gap decreases by 2.5 mEq/L. 


Metabolic Acidosis 


Metabolic acidosis is an acid-base disorder characterized 
by a decrease in serum pH that results from either a loss 
in plasma bicarbonate concentration or an increase in 
hydrogen ion concentration (Table 6.12). Primary meta- 
bolic acidosis is characterized by an arterial PH of less 
than 7.35 due to a decrease in plasma bicarbonate in the 
absence of an elevated PaCO., If the measured PaCO, is 
higher than the expected PaCO,, a concomitant respiratory 
acidosis is also present (caused by a depressed mental 
state, airway obstruction or fatigue). Acutely, medullary 
chemoreceptors compensate for metabolic acidosis 
through increase in alveolar ventilation, which results in 


tachypnea and hyperpnea that washes off CO, and 
corrects pH. 


Calculation of plasma anion gap helps to classify 
metabolic acidosis into those with elevated anion gap (i.e. 
>12 mEq/L as in increased acid production or decreased 
losses) and those with normal anion gap (i.e. 8-12 mEq/L 


Table 6.12: Causes of metabolic acidosis 
Normal anion gap (hyperchloremic acidosis) 


Renal loss of bicarbonate 

Proximal (type 2) renal tubular acidosis, carbonic anhydrase 
inhibitors (e.g. acetazolamide), tubular damage due to drugs 
or toxins 

Gastrointestinal bicarbonate loss 

Diarrhea, ureteral sigmoidostomy, rectourethral fistula, fistula 
or drainage of small bowel or pancreas 

Decreased renal hydrogen ion excretion 

Renal tubular acidosis type 1 and type 4 (aldosterone 
deficiency) 

Potassium sparing diuretics 

Increased hydrogen chloride production 

Parenteral alimentation, increased catabolism of lysine and 
arginine 

Ammonium chloride ingestion 

Elevated anion gap 

Increased acid production/accumulation: Sepsis, shock, 
Poisonings (ethanol, methanol, ethylene glycol); inborn errors 
of metabolism 

Ketoacidosis: Diabetic ketoacidosis, starvation 

Exogenous acids: Salicylates, iron, isoniazid, paraldehyde 
Failure of acid excretion: Acute or chronic kidney disease 





as in gastrointestinal or renal loss of bicarbonate or when 
hydrogen ions cannot be secreted because of renal failure) 
(Table 6.12). 

Another useful tool in the evaluation of metabolic 
acidosis with normal anion gap is urinary anion gap. 

Urinary anion gap = urinary [Na*] + [K*] - [Cr] 

Urinary anion gap is negative in patients with diarrhea 
regardless of urinary pH, and urinary anion gap is positive 
in renal tubular acidosis. An elevated osmolal gap (>20 
mOsm/kg) with metabolic acidosis suggests the presence 
of osmotically active agents such as methanol, ethylene 
glycol or ethanol. 


Clinical Features 


Initially, patients with a metabolic acidosis develop a 
compensatory tachypnea and hyperpnea, which may 
progress if the acidemia is severe, and the child can present 
with significant work of breathing and distress (Kussmaul 
breathing). An increase in H* concentration results in 
pulmonary vasoconstriction, which raises pulmonary 
artery pressure and pulmonary vascular resistance. 
Tachycardia is the most common cardiovascular effect 
seen with mild metabolic acidosis. Cerebral vasodilation 
occurs as a result of metabolic acidosis and may contribute 
to an increase in intracranial pressure. Acidosis shifts the 
oxygen-hemoglobin dissociation curve to the right, 
decreasing hemoglobin’s affinity for oxygen. During 
metabolic acidosis, excess hydrogen ions move toward the 
intracellular compartment and potassium moves out of the 
cell into the extracellular space. Untreated severe 
metabolic acidosis may be associated with life-threatening 
arrhythmias, myocardial depression, respiratory muscle 
fatigue, seizures, shock and multiorgan failure. 


Treatment 


It is important to identify the cause of metabolic acidosis 
as most cases resolve with correction of the underlying 
disorder. The role of alkali therapy in acute metabolic 
acidosis is limited. It is definitely indicated in some 
situations, e.g. salicylate poisoning, inborn errors of 
metabolism, or in those with PH below or equal to 7.0 or 
[HCO ;] less than 5 mEq/L, as severe acidosis can produce 
myocardial dysfunction. The amount of bicarbonate 
required is 
Body weight (kg) x base deficit x 0.3. 

_ One mL of 7.5% sodium bicarbonate provides 0.9 mEq 
bicarbonate. The recommendation is to replace only half 
of the total bicarbonate deficit during the first few hours 
of therapy. This amount is given as continuous infusion 
over two hours. Rapid correction of acidosis with sodium 
bicarbonate can lead to extracellular volume expansion 
exacerbating pulmonary edema in patients with cardiac 
failure. In the latter, the rate of infusion should be slower 
If hypernatremia is a concern, sodium bicarbonate may 
be used as part of the maintenance intravenous solution. 
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During correction of acute metabolic acidosis, the effect 
of sodium bicarbonate in lowering serum potassium and 
ionized calcium concentrations must also be considered 
and monitored, Since bicarbonate therapy generates large 
amount of CO,, ventilation should increase proportion- 
ately otherwise this might worsen intracellular acidosis. 
The inability to compensate may be especially important 
in patients with diabetic ketoacidosis who are at risk for 
cerebral edema. In diabetic ketoacidosis, insulin therapy 
generally corrects the acidosis. 

In newborns, frequent administration of hypertonic 
solutions such as sodium bicarbonate have led to intracranial 
hemorrhage resulting from hyperosmolality and resultant 
fluid shifts from the intracellular space. Children with 
inherited metabolic abnormalities, poisoning, or renal failure 
may require hemodialysis. 

Mild to moderate acidosis in renal failure or renal tubular 
acidosis improves on oral alkali therapy, the dose being 0.5 
to 2 mEq/kg/day of bicarbonate in 34 divided doses. In 


cases of acidosis due to volume depletion, the volume deficit 
should be corrected. 


Metabolic Alkalosis 


Metabolic alkalosis (pH >7.45) is an acid-base disturbance 
caused by elevation in the plasma bicarbonate (HCO;) 
concentration in the extracellular fluid that results from a 
net loss of acid, net gain of base or loss of fluid with more 
chloride than bicarbonate. There are two types of 
metabolic alkalosis classified based on the amount of 
chloride in the urine, i.e. chloride-responsive or chloride 
resistant (Table 6.13), Chloride-responsive metabolic 
alkalosis shows urine chloride levels of less than 10 mEq/L 
and is characterized by decreased ECF volume and low 
serum chloride levels, such as occurs with vomiting or 
use of diuretics. This type responds to administration of 
chloride salt (usually as normal saline). Chloride-resistant 
metabolic alkalosis is characterized by urine chloride 
levels of more than 20 mEq/L. Primary aldosteronism is 
an example of chloride-resistant metabolic alkalosis and 
this type resists administration of therapy with chloride. 

The body compensates for metabolic alkalosis through 
buffering of excess bicarbonate and hypoventilation. Intra- 
cellular buffering occurs through sodium-hydrogen and 
potassium-hydrogen ion exchange, with eventual 
formation of CO, and water from HCO}. Within several 
hours, elevated levels of HCO; and metabolic alkalosis 
inhibit the respiratory center, resulting in hypoventilation 
and increased pCO, levels. This mechanism produces 
a rise in pCO, of as much as 0.7 to 1 mm Hg for each 
1 mEq/L increase in HCOJ. 


Clinical Features 


Signs and symptoms observed with metabolic alkalosis 
usually relate to the specific disease process that caused the 
acid~base disorder. Increased neuromuscular excitability 
(e.g. from hypocalcemia), sometimes causes tetany or 
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Table 6.13: Causes of metabolic alkalosis | 


Chloride responsive . : 

Gastric fluid loss (e.g. vomiting, nasogasiric STE iseivcl 
Volume contraction (e.g. loop OF thiazide diuretics, 

Congenital chloride diarrhea, villous adenoma 

Cystic fibrosis 
Post-hypercapnia syndrome (mechanicall 
with chronic lung disease) 


y ventilated patients 


Chloride resistant . 
Primary aldosteronism (adenoma, hyperplasia) 
Renovascular hypertension, renin secreting tumor 
Bartter and Gitelman syndromes 
Apparent mineralocorticoid Se ciodiaih 
orticoid remediable a 
Ee ert adrenal hyperplasia (11B- and 17a-hydroxylase 
deficiency) 
Liddle syndrome 
Excess bicarbonate ingestion 


seizures. Generalized weakness may be noted, if the patient 
also has hypokalemia. Patients who develop metabolic 
alkalosis from vomiting can have symptoms related to 
severe volume contraction, with signs of dehydration. 
Although diarrhea typically produces a hyperchloremic 
metabolic acidosis, diarrheal stools may rarely contain 
significant amounts of chloride, as in the case of congenital 
chloride diarrhea. Children with this condition present at 
birth with watery diarrhea, metabolic alkalosis, and hypo- 
volemia. Weight gain and hypertension may accompany 


metabolic alkalosis that results from a hypermineralo- 
corticoid state. 


Treatment 


The overall prognosis in patients with metabolic alkalosis 
depends on the underlying etiology. Prognosis is good 
with prompt treatment and avoidance of hypoxemia. Mild 
or moderate metabolic alkalosis or alkalemia rarely 
requires correction. For severe metabolic alkalosis, therapy 
should address the underlying disease State, in addition 
to moderating the alkalemia. The initial target pH and 
bicarbonate level in correcting severe alkalemia are 
approximately 7.55 and 40 mEq/L, respectively. 
Therapy with diuretics (e.g. furosemide thiazides) 
should be discontinued. Chloride-responsive metabolic 
alkalosis responds to volume resuscitation and chloride 
repletion. Chloride-resistant metabolic a 
more difficult to control. As with correction 
or acid-base imbalance, the goal is to prevent life-threatenin 
complications with the least amount of correction i 
For persistent severe metabolic alkalosic ; 
of fluid overload, wherein saline eine aes : 
use of HCl or ammonium chloride may be conaldlered 
Acetazolamide may help patients with chloride-resistant 
metabolic alkalosis provided GER is adequate. Correction 
of metabolic alkalosis in patients with renal failure i 
require hemodialysis or continuous renal ceplacernent 


lkalosis may be 
of any electrolyte 
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therapy with a dialysate that contains high levels of 
chloride and low HCO;. 


Respiratory Acidosis 


Respiratory acidosis occurs when the alveolar ventilation 
falls or when carbon dioxide production is increased, so 
that the arterial partial pressure of carbon dioxide (PaCO,) 
is elevated above the normal range (>45 mm Hg) leading 
toa blood pH lower than 7.35 (Table 6.14). pCO, is directly 
proportional to carbon dioxide production and inversely 
proportional to alveolar ventilation. The kidneys compen- 
sate for respiratory acidosis by increasing HCO; reabsor- 
ption, a process that begins in 6-12 hours but takes 
3-5 days for maximal compensation. 

The kidneys increase excretion of hydrogen ions (pre- 
dominantly in the form of ammonium) that increases the 
plasma bicarbonate concentration by approximately 
3.5-4 mEq/L for every 10 mm Hg increase in CO,. 


Clinical Features 


Patients with acute respiratory acidosis frequently demon- 
strate air-hunger with retractions and use of accessory 
muscles. Neurologic findings include anxiety, disorien- 
tation, confusion and lethargy followed by tremors, som- 
nolence or coma at higher pCO,. Hypercapnic neurologic 
changes are reversible with no residual effect. Cardio- 
vascular findings include tachycardia, bounding arterial 
pulses and in severe cases hypotension. 


lreatment 

The goal of therapy is to correct or compensate for the 
underlying pathologic process. Failure to consider a mixed 
acidosis can lead to missed therapies and diagnosis. 
Assisted ventilation is required in many cases. 


Respiratory Alkalosis 


Respiratory alkalosis occurs in the setting of a primary 
decrease in pCO, as a consequence of hyperventilation 


Table 6.14: Causes of respiratory acidosis 


Decrease in alveolar ventilation 


Depressed central respiratory drive 
Acute paralysis of the respiratory muscles . 
Acute or chronic parenchymal lung and airway diseases 


Progressive neuromuscular disease 3 
Worsening scoliosis (restrictive lung disease) 


High carbon dioxide production and inability to increase 
minute ventilation 
Extensive burn injury 


Malignant hyperthermia 
Fever 


(Table 6.15), In a child, this may result from high fever, 
sepsis, mild bronchial asthma, central nervous system 
disorders or overventilation of an intubated child in 
intensive care setting. In acute respiratory alkalosis, 
titration is done by intracellular buffers. Renal compen- 
sation begins within several hours and takes several days 


for the maximal response. 


Clinical Features 

Patients primarily have clinical manifestations of the 
underlying disorder. Alkalosis, by promoting the binding 
of calcium to albumin, can reduce the fraction of ionized 
calcium in blood which may manifest as feeling of tingling, 
paresthesias, dizziness, palpitations, tetany and seizures. 
Therapy is directed towards the causal process. 


Table 6.15: Causes of respiratory alkalosis 


Hypoxia and hypoxemia 

High altitude or low fraction of inspired oxygen, anemia, 
hypotension or lung disease 

Pulmonary disorders 

Pulmonary edema, embolism, airway obstruction, pneumonia, 


interstitial lung disease 
Mechanical ventilation (ventilatory rate or tidal volume too high) 


Extrapulmonary disorders (severe respiratory alkalosis) 
Stress, neurologic disease (stroke, infection, trauma, tumor) 
Medications: Catecholamines, progesterone, methylxanthines, 
salicylates, doxapram, nicotine 

Hyperthermia, hepatic encephalopathy, sepsis, recovery from 
metabolic acidosis 
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FOOD 


Our food is made up of essential, natural substances called 
nutrients. Human body needs over 50 nutrients ona daily 
basis to stay healthy. Nutrients are categorized as 
macronutrients including carbohydrates, proteins, fat; and 
micronutrients such as vitamins, minerals and trace 
elements. 

Macronutrients are needed in large quantities and are 
referred to as the energy yielding components of diet, i.e 
they breakdown into simpler compounds to provide 
energy. 

Micronutrients are needed in small quantities, but are 
very essential to keep us healthy. They do not yield energy 
but have a protective role and are needed to enhance 
immunity. Micronutrients are discussed in detail in 
Chapter 8. 

All nutrients work together to maintain overall health. 
Each of these nutrients is required in a specific amount by 
the body. The deficiency and excess of nutrients can be 
harmful, leading to a variety of complex diseases. 

Carbohydrates, proteins and fats comprise macro- 
nutrients and contribute to energy intake by humans as 
shown in Table 7.1. 


Carbohydrates 


Carbohydrates are the main source of energy in the Indian 
diet. Carbohydrates contribute to taste, texture and bulk 
to the diet. They are essential for digestion and assimilation 
of other foods. Lack of carbohydrates (less than 30%) in 
the diet may produce ketosis, loss of weight and 
breakdown of proteins. 


Carbohydrates are divided into simple carbohydrates 


"Table 7.1: Energy content of macronutrients | 
Nutrient Energy (kcal) pe ; ar on ; 
Carbohydrate 4 kcal 
Protein 4 eal 
Fat 9 kcal 


Fiber and water 0 kcal 
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(monosaccharides and disaccharides such as glucose and 
fructose found in fruits, vegetables and honey, sucrose in 
sugar and lactose in milk) and complex carbohydrates 
(oligosaccharides and polysaccharides such as starch in 
cereals, millets, pulses and root vegetables). 

The main source of energy in the body is glucose 
derived from starch and other sugars present in the diet. 
Glucose is used as a fuel by the cells and is converted to 
glycogen by liver and muscles. Excess carbohydrates are 
converted to fat. 


Fiber: Fiber determines the quality of carbohydrates. 
Dietary fibers are also called "non-digestible or unavailable 
carbohydrates" as they are not digested by the enzymes 
in the gut. They have very little nutritional value but are 
essential for the normal functioning of the gut, elimination 
of waste, bile acid binding capacity and for maintaining 
the growth of normal intestinal microflora, 
Polysaccharides such as cellulose, hemicelluloses, 
pectin, gums, mucilage and lignin are some examples of 


fiber, mainly provided by cereals, millets, vegetables and 
fruits. 


Requirements: As much as 55-60% of total energy intake 
should come from carbohydrates. 


Proteins 


Protein is the second most abundant substan 
after water. They are required for the growth 
of tissues in the body; formation of digestive juices 
hormones, plasma proteins enzymes vitcasine, 
hemoglobin; as buffers to maintain acid-base equilibrium 
in the body; and as an alternate source of chien for the 
body. Proteins are made of amino acids. Amino os th é 
can be synthesized in the body are called non-es S — 
amino acids, while essential amino acids Saris sentia 
supplied in the diet. quire to be 

Essential amino acids include leucine, is 
methionine, phenylalanine, threonine, { 
valine. Histidine and arginine are essent 
because the rate of their synthesis is 
sustaining growth. 


ce in the body 
and synthesis 


Oleucine, lysine, 
Typtophan and 
al during infancy 

Inadequate for 
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Protein quality: Food proteins differ in their nutritional 
quality depending on their amino acid profile and 
digestibility. Cereal grains are deficient in lysine, threonine 
or tryptophan, whereas pulses are rich in lysine but are 
limited in sulfur-containing amino acids, mainly 
methionine. When cereals are taken in combination with 
the pulses, the deficiency in one is made good by an excess 
in other; thereby improving the overall quality of proteins 
in food. 

Egg protein has the highest nutritive value and is 
therefore taken as the reference protein, and the value of 
others is expressed as relative to the egg (taken as 100%). 

Generally, animal proteins have a higher biological 
value than the plant proteins. The nutritive value of a 
mixture of two proteins may be higher than the mean of 
the two because of mutual complementary effects. 


Requirements: Nearly 10-12% of the total energy should 
be provided from protein sources. An intake of 8% 
proteins may be sufficient for food having a higher content 
of animal proteins or high value proteins in the diet. 


Fats 


Fats function as structural elements of the cell membranes, 
act as vehicle for absorption and transport of fat-soluble 
vitamins (A, D, E and K) and are precursors of 
prostaglandins and hormones. Fats are made of fatty acids 
and dietary fats are mixture of largely triglycerides, small 
proportion of phospholipids and cholesterol. 

Fatty acids are classified into 3 groups: Saturated fatty acids 
(SFAs), monounsaturated fatty acids (MUFAs) and 
polyunsaturated fatty acids (PUFAs) (Fig. 7.1). Humans 
can synthesize SFAs and MUFAs besides obtaining them 
from diet, but PUFAs cannot be synthesized in the body 
and have to be provided through diet. 
¢ Saturated fatty acids (SFA) consisting of straight, even 

numbered chains of 4-24 carbon atoms. They are 
classified as short (C<10), medium (C12:0 and C12:0) 
or long (C16:0-C24:0) chain fatty acids based on carbon 
chain length. The degree of saturation determines 
whether the fat is solid or liquid at room temperature— 
more the saturation, harder and more solid is the fat. 


Simple lipids 
Saturated fatty acids Unsaturated fatty acids 
Ghee, butter, coconut oil 


‘Monounsaturated fatty acids 
Olive oil, palm oil 
groundnut oil, mustard oil 






Polyunsaturated fatty acids 
Corn oil, soya bean oil, 
sunflower oil 










Linoleic acid 
Linolenic acid 


Fig. 7.1: Classification of fats 





* Unsaturated fatty acids (MUFAs and PUFAs) have 
double bonds in cis or trans configuration. Double 
bonds in cis configuration are nutritionally good, while 
in trans configuration (trans fatty acids) are bad for 
health. Thus, trans fats are a type of unsaturated fats. 
These occur naturally in small quantity. Artificial trans 
fats are created when hydrogen is passed through 
liquid vegetable oils to make them more solid 
(‘vanaspati’). Such fats are used in household cooking 
as well as in snack foods (packaged baked food, 
samosas, mathris, kachoris, pizzas, burgers, French 
fries, etc.). Trans fats increase the risk of coronary artery 
disease due, in part, by increasing levels of low density 
lipoproteins (LDL) and lowering high density 
lipoprotein (HDL). Hence, trans fat intake is best 
avoided. 

* PUFAs are grouped into two series, namely, linoleic 
acid (LA, C18:2n-6) and alpha-linolenic acid (ALA, 
C18:3n-3) depending on the position of double bond. 
LA and ALA are long chain dietary essential fatty acids. 
LA gets metabolized to arachidonic acid (AA), while 
ALA to eicosapentaenoic acid (EPA), docosapentaenoic 
acid (DPA) and docosahexaenoic acid (DHA). 
Medium chain triglycerides (MCT) are an immediate 

source of energy as they are transported directly from the 
small intestine to liver by portal vein and burned 
immediately to produce energy. MCT improves endurance 
performance, promotes fat burning, spares muscle 
glycogen, increases metabolic rate, maintains muscle mass 
and lowers blood cholesterol level. Supplementation with 
MCT is used in the dietary management of cystic fibrosis, 
obesity, pancreatic insufficiency, AIDS, epilepsy, gallstones, 
high blood cholesterol levels, fat malabsorption, intestinal 
lymphangiectasia, and are used as energy supplements in 
athletes. Sources of MCTs are coconut oil, palm kernel oil, 
butter (15% of MCT). Prolonged use of MCTs alone leads 
to essential fatty acid (EFA) deficiency. 


Long chain triglycerides (LCT) provide essential fatty 
acids (EFAs) and require carnitine to produce energy. 
MCT and LCT should be ideally used in combination to 
prevent EFA deficiency. 


Essential fatty acids (EFAs) cannot be synthesized in 
the body and have to be supplied through dietary fat. EPA 
and DHA are important components of gray matter of 
the brain and improve intellectual performance. 
Deficiency of EFA leads to cessation of growth, alopecia, 
diarrhea, impaired wound healing, decreased calcium 
absorption, decreased calcium deposits in bones and 
decreased bone strength. It is recommended that ALA (n- 
3 fatty acid) content of the diet should be about 0.5% of 
the total calories or 1.0-1.5 g/day. 


Cholesterol is the component of cell membrane, helps 
the body produce steroid hormones and bile acids. 


Requirements: Fats are major source of energy in diet. In 
normally growing children, about 25-30% of energy intake 


| 7 Ei 








Essential Pediatrics 





should be derived from fat which includes 10-15% 
invisible fat. However, in malnourished children, up to 
45% of calories can be safely provided from fat. 


Invisible fat: Fat present naturally in our food but cannot 
be seen and separated from food such as milk and milk 
products, egg and meat, nuts contain good amount, while 
cereals, pulses, vegetables and fruits contain negligible 
amount. 


Visible fat: Fat which is used for cooking or added while 
cooking such as edible vegetable oils and ghee. 

To provide a healthy balance of visible fat, daily diet 
should provide <7% saturated fat, 10% polyunsaturated 
fat and rest 13% should be derived from monounsaturated 
fats. A minimum of 3% energy should be derived from 
linoleic acid and 0.3% from linolenic acid. 

There is no single oil/fat with the ideal composition; it 
is recommended to use blend of two or more vegetable 
oils, 


Energy 


Energy needs of children are computed keeping in mind 
the increase in body size, high metabolic rate that regulates 
body temperature and maintains high level of activities, 
and marked developmental changes in organ function and 
composition. 

Energy requirements vary through childhood because 
of variations in growth rate and physical activity. 
Although growth rate slows in toddlers, their activity 
levels are high, and appetite and food intake tends to be 
erratic. In older children, growth is more constant but 
energy needs vary within and between individuals. 
During adolescence, energy needs increase due to rapid 
growth and development. 

There are three critical periods in early life of a young 
child with regards to energy requirements: Around 
6 months when complementary feeding is initiated, 
between 1 and 2 years when physical activity is increased 
and between 10 and 12 years for girls and 15-18 years for 
boys when puberty is attained. 

Calculation of energy requirement should account for 
the level of physical activity and the energy required 
allowing for optimal growth. For children with normal 


Table 7.2: Simple calculation of daily energy requirements for 
children 


At 10 kg body weight 
Weight >10 kg—20 kg 


1000 kcal 

1000 kcal + 50 kcal for each kg 
above 10 kg, e.g. fora 15 kg child, 
requirement will be 1250 kcal 
1500 kcal + 20 kcal for each kg 
above 10 kg, e.g. for a 30 kg child, 
requirement will be approximately 
1700 kcal 


Weight >20 kg 


body weights, the energy requirements are calculated 


roughly as shown in Table 7.2 


DIETARY STANDARDS 
Infants and children have higher requirements of nutrients 
than adults. While adults need nutrients for ee 
constant body weight and functions, infants : Idren 
require nutrients not only for peace u oH for 
promoting and supporting their rapid rate of growth and 
development. 

A range of acceptable or 
established for almost all 
different ages, which are recognized as recommended 
dietary allowances (RDA). 


safe intake levels have been 


Recommended Dietary Allowances (RDAs) 


RDAs are nutrient specific and technical in nature. These 
are formulated based on the current knowledge of 
nutritional requirements of different age and sex groups 
depending on anthropometry (weight, height), body 
composition, climate and environment, physical activity, 
physiological status and body demands. All these factors 
lead to differences in food intake and nutrient requirements. 


Summary of Recommended Dietary Allowances (RDA) - 


for energy and protein revised in 2010 is shown in 
Table 7.3. 


Nutritive Value of Some Common Foods 


Table 7.4 portrays energy, protein, carbohydrates and fat 
composition of common Indian food items and portions. 


Table 7.3: Daily energy and protein requirements at different 
ages 


Group 


Age Energy Protein 
(kcal/d) (g/d) 
Infants 0-6 months 90 kcal/kg/d  —- 1.2 g/kg/d 
6-12 months = 80 kcal/kg/d ~ —S_1.7 g/kg/d 
Children 1-3 years 1050 17 
4-6 years 1350 20 
7 -9 years 1700 30 
Boys 10-12 years 2200 40 
Girls 10-12 years 2000 40 
Boys 13-15 years 2750 54 
Girls 13-15 years 2300 52 
Boys 16-17 years 3000 62 
Girls 16-17 years 2450 56 
Adult male Sedentary 2300 60 
Adult female Sedentary 1900 55 


Adapted from Nutrient Requireme 
Allowances for Indians, ICMR 2010 
places] 


nts and Recommended Dieta'y 
(Values have been rounded off at 


the important nutrients at q 


Re. 
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Table 7.4: Approximate nutritive value of common food items : 7 
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Food items 


Raw edible Household Energy Protein Carbohydrate Fat 
amount measures (cooked) (kcal) (9) (g) (9) 
(g or mL) or portion 
Milk and milk products 
Human milk 100 mL - 65 1.1 7.4 3.4 
Milk (cow) 100 mL Y2 glass 73 3.2 4.9 4.4 
Milk (buffalo) 100 mL % glass 107 3.6 8.3 6.5 
Paneer (home made—cow milk) 30 g 1 small piece 76.5 5.5 3.5 4.5 
Curd (homemade—cow milk) 100 mL 1 small cup 62 3.2 3.2 4.0 
Meat and poultry 
Chicken, thigh, skinless 100 g 1 serving 200 18.0 - 14.0 
Meat (flesh) 100 g 4 pieces 135 20.0 - 6.0 
Fish (rohu) 100 g 2-3 pieces 100 20.0 . 2.4 
Egg whole (hen) 45g 1 No. 74 5.0 - 6.0 
Egg white (from 1 egg) 25g : 11 4.0 . 0.01 
Egg yolk (from 1 egg) 20g : 60 3.2 : 5.2 
Cereals and millets 
Chapati 25 g wheat flour 1 medium size 80 2.5 16.0 0.3 
Bread (white) 30 g maida 1 big slice 72 2.5 14.5 0.5 
Wheat daliya/suji/sevian 25 g raw 1 katori cooked 80 2.5 16.0 0.3 
Rice 25 9g raw 1 katori cooked 90 2.0 19.5 0.1 
Biscuits 10g 2 nos 50 1.0 7.0 2.0 
Cake 30g 1 small piece 129 1.8 18.0 5.5 
Sago/arrowroot/corn flour 259 5 tsp 88 - 22.0 - 
Millet grains (bajra, jowar, jau, 259 5 tsp 94 3.0 16.0 2.0 
oats, kottu, etc.) 
Khichri [raw rice 20 g plus 25 g raw 1 katori cooked 85 3.0 18.0 0.1 
raw dal 5 g (4:1)] (100 g) 
Pulses 
Dhooli dals (moong/arhar, etc.) 25 g raw 1 katori 80 6.0 14.0 0.3 
Sabut dals (Rajma/Chana, etc.) 25 g raw cooked 70 5.0 10.0 1.0 
Soyabean (white) 25 g raw (100-125 g) 95 10.0 2.5 5.0 
Vegetables 
Green leafy and seasonal 100 to 125g ¥% katori cooked 25 2.0 2.5 0.6 
vegetables (spinach, bathua, 
bhindi, cauliflower, beans, etc.) . 
Root vegetables (includes arbi, 1009 1 small size 60 1.5 13.0 0.2 
sp a 100g 1 katori 80 7.0 13.0 0.1 
eas fresh 

Low carb vegetables (Lauki/ 100g Ye katori 10 0.53 aap a8 
tori/ tinda/kaddu/cucumber) 
see 250 a Se 
Almond/walnuts/ 299 -do- 150 si 65 4 0.0 
Cashew nuts 25g “do- AnD fe ; 
bak 100g 1 small 110: 1.5 25.0 0.5 
Banana ; 1 medium ‘70 0.6 13.0 1.7 
Mango/chikoo/apple 100 g = 10 70 0.2 
Guava/pear/orange 100 g 1 medium > 35 05 50 02° 
Kharbooja/papaya 100g 2 PIECRE = 25 ae | a0 ost 
Tomato/water melon 100g. A few pieces Ls 





(Contd...) 
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Table 7.4: Approximate nutritive value of common food items (Contd...) 
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Carbohydrate Fat 





Food items Raw edible Household measures Energy Protein (a) (9) 
amount (cooked) or (kcal) (9) 
(g or mL) portion 
Fats and olls ; 5.0 
Refined oil/ghee 5 mL/g 1 tsp 45 = 40 
Butter 5g 1 tsp 36 : 5.0 
Coconut oil 5 mL 1 tsp 42 : 7 
Sugars : 
Sugar 5g 1 levelled tsp 20 9.0 . 
Honey/jam 5 q 1 levelled tsp 16 . 4.0 : 
Jaggery 59g 1 tsp 18 4.5 
Drinks 
Sugarcane juice 100 mL Y2 glass 60 - 15.0 : 
Coconut water 100 mL % glass 14 0.2 3.0 0.1 
Soft drinks 100 mL ¥ glass 37 - 9.2 : 
Processed dairy products 
Full cream milk 100 mL % glass 90 3.5 5.0 6.2 
Toned milk 100 mL % glass 58 3.2 4.5 3.0 
Double toned milk 100 mL Ye glass 48 3.0 5.0 2.0 
Skimmed milk 100 mL Yz glass 33 3.0 5.0 - 
Dahi (plain)/Curd 100 mL 1 cup 75 3.7 5.0 4.5 
Buttermilk (lassi-plain) 100 mL Y2 glass 32 2.0 2.0 2.0 
Sweet lassi 100 mL Y% glass 95 2:5 15.5 2.5 
Salted lassi 100 mL Y2 glass 32 1.8 2.0 1.8 
Cottage cheese 30 g 1 small pe 93 5.5 0.7 7.5 
Ice cream 100 mL 1 small cup 180 4.0 23.0 8.0 
100 mL 1 small cup 113 5.0 12.0 5.0 


Ice cream (sugar free) 
kcal: Kilocalories; tsp: Tea spoon 
NB: Some approximations made in values of nutrient contents 


Adapted from: 
1. Indian Food Composition tables, NIN, ICMR, 2017 


2. Compilation of Food Exchange list (Technical series 6), Lady Irwin College, Delhi University, 2017 


3. For processed foods, nutritional facts are taken from the packets 


BALANCED DIET 


Balanced diet is defined as nutritionally adequate and 
appropriate intake of food items that provide all the 
nutrients in required amounts and proper proportions, to 
ensure normal growth, development and disease free 
optimum health amongst children and adolescents. Wide 
variety and combination of foods are used to formulate 
balanced diet for various categories of people to meet their 
needs as per nutritional standards (RDA). 

In order to plan nutritionally adequate balanced diet 
as per RDA, "food group system" is used that converts 
quantitative nutrient data into food-based information. 

Based on major content of nutrients, foods are 
conventionally placed into 5 groups: (i) Cereals, millets 
and cereal grains; (ii) Pulses, legumes and nuts; (iii) Milk, 
egg and flesh foods; (iv) Vegetables and fruits; (v) Fats 
and sugar. Food groups differ in their nutrient quality and 
quantity and hence while planning a diet, inclusion of one 


or more food items from each of these groups is essential 
to label a diet as ‘balanced’, 

The nutrient characteristics of c 
depicted in Table 7.5. Omran apege £58 

Cereals, millets and pulses are the major source of most 
nutrients in Indian diet. Milk provides good quality 
protein and calcium and hence is an essential item of our 
diet. Eggs, flesh foods and fish enhance the quality of diet 
but Indians are predominantly vegetarian society and 
most of our nutrients are derived from cereal/pulse and 
milk based diets. Oils and nuts are calorie rich esas and 
are useful in increasing the calorie density. Vegetables and 
fruits provide protective substances Such as vitami 
minerals, fiber and antioxidants. ere ee 


In a normal balanced Indian diet, reco 

, mmend d = 
nutrients as a proportion of total energy intake should be 
carbohydrates (55-60%), fats (25-30%) and Foteine 
(10-12%). : : 


S fx 
> 


ee 





(ee 


Foods 
Milk and milk products 


Egg (hen) 


Chicken 
Fish 


Cereals grains and 
products 


Pulses, peas, beans 


Table 7.5: Nutritional characteristics of common food Items 


Main nutrients 


Protein, fat, calcium, phosphorus, 
vitamin B, 


Protein, fat, phosphorus, riboflavin 
Protein, phosphorus 
Protein, fat, calcium, vitamin B,, 


Carbohydrate, fiber, folic acid, 
vitamins B, and B,, phytates, iron 


Carbohydrate, protein, folic acid, 


calcium, fiber, vitamins B, and Ba, 

iron, phosphorus 
Protein (35%), fiber, fat (40%), 
calcium, iron, zinc, copper, 
magnesium, selenium, folic acid, 
potassium, all B vitamins, 
carotenoids, fiber, isoflavones 
Carotenoids, folic acid, calcium, 
fiber, vitamin C 


Carotenoids, folic acid, calcium 


Soya bean 


Seasonal vegetables 
Green leafy vegetables 


Root vegetables Carbohydrate (chiefly starch) 


Fruits Carbohydrate, potassium 


Nuts Energy, protein, fat and B vitamins 


Other characteristics 


Provide high quality protein lactose and saturated fats; lack 
in iron and vitamin C 


Provide high quality protein and vitamin B,.; lacks in 
carbohydrates and vitamin C; contains saturated fats 
and is rich in cholesterol 


Provides high quality protein and all B vitamins; does not 
provide carbohydrate, fat and iron 


Lacks in carbohydrates; good source of high quality protein and 
fat containing omega-3 fatty acids 


Good source of energy; has poor quality protein that lacks in 
lysine; provides negligible amounts of unsaturated fat; phytates 
hinder the absorption of iron 


Good source of energy; contain proteins of lower quality that 
lack in methionine; provides negligible amount of unsaturated 
fat; absorption of iron is hindered by phytates 


Source of high quality protein (twice of that in pulses) and 

fat (three times that in pulses); contains polyunsaturated, 
monounsaturated and saturated fats; vegetarian source of 
omega-3 fatty acids; deficient in sodium and vitamin C and 

B,.; phytates hinder the absorption of iron and calcium 

Good source of carbohydrates in the form of roughage and fiber 
that provide bulk in diet; deficient in proteins and fat 

Good source of soluble fiber; deficient in protein and fat 

fiber, vitamin C, iron, riboflavin 

Good source of energy; deficient in protein, fat and folic acid; 
carrots are a rich source of carotene, potatoes provide 

vitamin C; tapioca is rich in calcium 

Good source of fiber and roughage; deficient in proteins, fat and 


folic acid; juicy fruits have high potassium content: banana is a 
good source of energy but poor source of potassium 


Groundnuts are particularly rich in thiamine and nicotinic acid 





Adapted from The 2010 recommendations of the National Institute of Nutrition (ICMR), Hyderabad on the Nutritive Value of Indian Foods 


NORMAL BALANCED DIET FOR VARIOUS AGE GROUPS 


Exclusive Breastfeeding (Q-6 monihs of age) 


An infant should be exclusively breastfed till six months 
of age. During this phase, additional food or fluids are 
not required as breast milk is nutritionally complete for 
the child's growth and development; it protects from 
infections and strengthens immune system. Breastfeeding 
issues are discussed in Chapter 8. 


Complementary Feeding (6 months onwards) 


After six months of age, breast milk alone is not enough 
to make an infant grow well. Complementary feeding 
refers to food which complements breast milk and ensures 
that the child continues to have enough energy, protein 
and other nutrients to grow normally. 

Complementary feeding is started six months of age 
(180 days), while continuing breastfeeding. 

Breastfeeding is encouraged up to two years of age or 
more in addition with normal food. Key recommendations 


for breastfeeding and complementary feeding are given 
in Table 7.6. 


Between 6 and 12 months, child goes through a major 
food transition that depends on several cardinal factors, 
essential to be considered in feeding the child. 


Factors to be Considered while 
Planning Food for Young Child 


Energy density: Most of our traditional foods are bulky 
and a child cannot eat large quantities at a time. Children 
have low stomach capacity. Hence, it is important to give 
small energy-dense feeds at frequent intervals to ensure 
adequate energy intakes by the child. 

Energy density of foods given to infants and young 
children can be increased without increasing the bulk by 
adding: RO ee deat 
e Oil or ghee: Fat is a concentrated source of energy and 

increases energy content of food without increasing the 

bulk. The false belief that a young child cannot digest 
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Age (months) 
Up to 6 months 


6 to 12 months 


12 months to 2 years 


2 years and older 
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_ Table 7.6: Counseling for feeding of Infants and children a 
Food 
Breastfeed as often as the child wants, day and night, at least 8 times in 24 hours 


Do not give any other foods or fluids, not even water 
Remember: Continue breastfeeding even if the child is sick 


Breastfeed as often as the child wants 

Complementary feedings: Give at least one katorl serving at atime of mashed r 
sweetened undiluted milk; or mashed roti, rice, bread mixed in thick dal with a 
with added oil or ghee ' 
Add cooked vegetables in these servings or use sevian, dalla, halwa, kheer prepar ed in milk or any cereal 
porridge cooked in milk, or mashed boiled or fried potatoes 

Offer banana, biscuit, cheeku, mango or papaya as snacks in between the serving 

Frequency: 3-4 times per day if breastfed; 5 times per day if not breastfed as 
Remember: Keep the child in your lap and feed with your own hands; wash your own and cnild's hands 
with soap and water every time before feeding 


oti/bread/biscuit mixed in 
dded ghee/oil; or khichri 


Breastfeed as often as the child wants; offer food from the family pot }) | 

Give at least 1% katori serving at a time of mashed roti/rice bread mixed in thick dal orkhichri with added 
ghee or oil vAC ANT an Co, 
Add cooked vegetables in the servings, or mashed roti/rice/bread/biscuit mixed in sweetened undiluted 
milk, or sevian, dalia, halwa or kheer prepared in milk or any cereal porridge cooked in milk, or mashed 
boiled/fried potatoes 

Frequency: 3-5 times a day 

Offer banana, biscuit, cheeku, mango or papaya as snacks in between the servings 

Remember: Sit by the side of child and help him to finish the serving; wash your child's hands with soap 
and water every time before feeding 


Give family food as 3-4 meals each day 
Twice daily, also give nutritious snacks between meals, e.g. banana, biscuit, cheeku, mango, or papaya 
Remember: Ensure that the child finishes the serving; teach your child to wash his hands with soap and 


water every time before feeding 


fat is not true. A young infant can digest fat present in 
breast milk as well as all other foods like cereals and 
pulses. Sugar and jaggery are also rich in energy though 
not as high in calories as fat but can easily be added in 
infant foods. 
Thickening the gruel: Thin gruels do not provide enough 
energy. A young infant particularly during 6-9 months 
requires thick but smooth mixtures. For instance, 
advising dal ka paani as a complementary food recipe is 
absurd. Infant should be given medium thickness gruel 
of 'dal' with added oil instead. 

e Amylase rich foods (ARF) such as malted foods reduce 
the viscosity of the foods and therefore the child can 
eat more quantities at a time. (Malting is germinating 
whole grain cereal or pulse, drying and then grinding). 


Often the energy needs of the child are not well 
appreciated by caregivers. A child between the age of 
1 or two years of age needs as musch as 50% the nutrition 
required by an adult. 


Nutrient density of the feed can be ensured by including 
a variety of foods in order to meet all the nutrients. Even 
as early as 9 months, infants need small portions of food 
items from all food groups to be included in their diet 


to ensure intakes of all macronutrients and micro- 
nutrients. 


Amount of feed: At6 months of age, feed should be started 
with small amount as much as 1-2 teaspoons and the 
quantity is increased gradually as the child gets older and 
starts to accept food better. Child should be given time to 
adapt gradually to larger quantities from teaspoon to table 
spoon and then to a katori. 


Consistency of feed: Infants can eat pureed, mashed and 
semi-solid foods beginning at six months. By 8 months, 
most infants can also eat "finger foods" (snacks that can 
be eaten by children alone). By 12 months, most children 
can eat the same types of foods as consumed by the rest 
of the family. As the child grows older, he should be 
shifted to more appropriate foods suitable for his age. Help 
children to accept the usual family food gradually which 
is safely prepared and fed. 


Frequency of feeding: Anaverage healthy breastfed infant 
needs complementary foods 3-4 times per day at 6-8 
months of age and 3-4 times per day at 9-11 months and 
4-5 times at 12-24 months of age, with additional 
nutritious snacks such as a piece of fruit, offered 1-2 times 
per day or as desired. Snacks are defined as foods eaten 


Nutrition 


between meals, usually convenient and easy to prepare. 
If energy density or amount of food per meal is low, or 


the child is no longer breastfed, more frequent meals may 
be required. 


Hygiene: Good hygiene and proper food handling should 
be practiced to prevent children from infections and 
malnutrition. Simple hygiene practices include: (a) Washing 
hands before food preparation and eating, (b) Serving 
freshly cooked foods (cooked should not be kept for 2- 
3 hours), (c) Using clean utensils and covered properly, 
(d) Using clean cups and bowls when feeding children, 
and (e) Avoiding use of feeding bottles. 


Planning Diet for Individual Child 


In clinical practice, it is imperative to plan diets for 
different conditions among children with various ages, 
both healthy and sick. In this exercise, it is important to 
ensure the right balance of macronutrients and food 
groups. A sample diet plan for 1000 kcal is shown in 
Table 7.7. This can serve as a template to plan diets of 


lower or higher energy content by varying amounts of 
ingredients. 


UNDERNUTRITION 


Undernutrition is a set of conditions that result from 
inadequate consumption, poor accretion or excessive loss 
of nutrients. Overnutrition includes overweight and 
obesity, and is caused by overindulgence or excessive 
intake of nutrients, or pathological conditions. 

Malnutrition refers to deficiencies, excesses or 
imbalances in a person's intake of energy and/or nutrients 
(WHO). Thus, malnutrition connotes both undernutrition 
as well as overnutrition. In practice, however, often the 
terms malnutrition and protein energy malnutrition (PEM) 
are used interchangeably with undernutrition. 


Table 7.7: A 1000 kcal sample, balanced diet plan based on the food measures. The fo 


in multiple meals and snacks 


In this chapter, we will focus on undernutrition among 
children less than 5 years of age. 


Consequences of Undernutrition 

Undernourished children have higher risk of infections and 
mortality. Undernutrition Is associated with 35% of under-5 child 
deaths. Undernutrition is strongly associated with shorter adult 
height, poor lean weight, less schooling, low cognition, reduced 
economic productivity and, for women, lower offspring 
birthweight. Low birthweight and undernutrition in childhood 
are Important risk factors for diabetes mellitus, hypertension 
and dyslipidemias in adulthood, 


Underweight, Stunting and Wasting 


Undernutrition has three subgroups: Underweight, wasting 
and stunting (Table 7.8 and Fig. 7.2) 

An underweight child has low-weight-for-age. It means 
that the weight of this child is less than minus 2 standard 
deviations (-2SD) on the WHO Growth Standard for her/ 


his age. An underweight child could be wasted or stunted, 
or both. 


Stunting denotes low-height-for-age. The height (or length) 
of a stunted child is below minus 2 standard deviations 
(<—2SD) at her/his age on the WHO Growth Standard. A 


stunted child is short for her/his age. Stunting indicates 
chronic undernutrition. 


Wasting implies low-weight-for-height. A child whose 
weight for her/his actual height is less than minus 2 
standard deviations (<—2SD) at her/his age on the WHO 
Growth Standard has wasting. A wasted child has a thin 
appearance. Wasting indicates acute undernutrition as 
result of recent food deficit or an acute illness such as 
diarrhea. 


Growth charts based on WHO Growth Reference 
Standards are given in Chapter 2. 


od portions are to be spread over 24 hours. 


Food Amount/ready to eat portion Energy (kcal) Protein (g) 
Cow’s milk/curd 1 glass milk (200 mL) plus Yz katori curd (50 mL milk) 180 8.0 
Pulses 25 g raw dal (1 katori cooked ) 80 6.0 
Cereals wheat/rice 100g 

4 chapatis (100 g wheat flour) OR 

2 chapatis (50 g wheat flour) p/us 2 katoris rice cooked (50 g grain) OR 

2 chapatis (50 g wheat flour) plus 1 katori cooked suji (25 g wheat flour) 

plus 1 katori rice cooked (25 gm raw grain) 340 9-10g 
Vegetables 150 q 
Green/seasonal 100 g (1 katori cooked) o5 20 
Potato 50 g (1/2 katori cooked)) 30 1.0 
Fruit (banana) 100g 110 1.5 
Oil/ ghee (4 tsp) 20 mL {in cooking plus added) 180 : 
Sugar (3 tsp) 15 g (in cooking plus added) 60 . 
Total ~1000 kcal ~28 q 


* Note-Energy from protein 11-12% in this sample diet 
* tsp: Tea spoon 
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Fig. 7.2: Appearance of undemourlshed children 
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Fig. 7.3: Trends In undernutrition In India: proportion of under-5 


children with underweight, stunting and wasting. Source; 
National Family Health Surveys 3 (2005-06) and 4 (2015-16)] 


Underweight 


Table 7.8: Classification of undernutrition | a 4 


Classification Criteria As per WHO 
growth standards 
Underweight Low-weight-for-age Weight-for-age less than 


minus 2 SD (<—2 SD) 


Stunting Low-height* (or length) 
for-age minus 2 SD (<-2 SD) 
Wasting Low-weight-for-height Weight-for-height less 


than minus 2 SD 
(<-2 SD) 


“‘Length’ in the first two years of life 
SD: Standard deviation 


The term ‘edematous malnutrition’ is used if edema is 
also present in an underweight child. Clinical classification 
of undernutrition as marasmus, kwashiorkor and 
marasmic kwashiorkor is also helpful (discussed below). 


Epidemiology 


Childhood undernutrition is an underlying cause in an 
estimated 45% of all deaths among under-5 children. 
According to the National Family Health Survey (NFHS) 
4, carried out in 2015-16, 36% of India's children under 
the age of five are underweight, 38% are stunted and 21% 
are wasted (Fig. 7.3), Comparable figures for 2005-06 were 
43%, 48% and 20%, respectively. There has been a slow 
reduction in undernutrition in the country over the years, 
especially stunting. Yet we continue to have the highest 
burden of childhood undernutrition in the world. 

Undernutrition rates are highest among the scheduled 
tribes and scheduled caste families, Proportion of 
underweight children in rural areas (38%) is higher than 
urban areas (29%). 


Height*-for-age less than Moderate stunting 


Sub-classification 
Moderate underweight 


As per WHO Reference Standard 
Weight-for-age below minus 

2 SD and up to minus 3 SD (<—2 SD 
to —3 SD) 

Weight-for-age minus 3 SD (<—3 SD) 
Height*-for-age below minus 2 SD 
and up to minus 3 SD (<-2 SD to 
—3 SD) 

Height*-for-age below minus 

3 SD (<-3 SD) 

Weight-for-height below minus 

2 SD and up to minus 

3 SD (<-2 SD to -3 SD) 


Weight-for-height below minus 
3 SD (<—3 SD) 


Severe underweight 


Severe stunting 


Moderate wasting 


Severe wasting 


During the first six months of life, 20-30% of children 
are already undernourished, often because they were born 
low birthweight. The proportion of undernutrition and 
stunting starts rising after 4-6 months of age (Fig. 7.4). 


After 6 months of age, breast milk alone is not enough to 
meet the energy requirement of the child, and therefore solid 
food (complementary feeding) mustbe introduced, in addition 
to continuing breastfeeding. This often does not happen. 

It is estimated that only 10% of children between the 
age of 6-24 months have adequate nutritional intake 
(NFHS 4). Most children in the country are thus 'nutrition 
hungry’ in this critical phase of life. In addition, the child 
becomes more prone of infections, Particularly diarrhea 
due as she becomes mobile and puts unhygienic objects 
into mouth and ingests unhygienic food products. 


Late introduction of complementary feeding and 
inadequate food intake leads to increasing predisposition 
to undernutrition. The proportion of children who are 
stunted or underweight increases rapidly with the child's 
age until about 18-24 months of age (Fig. 7.4), 
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Fig. 7.4: Proportion of malnourished children according to age (National Family Health Survey 4, 2015-16) 


Importance of fetal life and the first two years of life (the first 
1000 days ‘window’) for linear and brain growth. 

Length at 2 years is the predictor of adult height and 
productivity. Brain achieves a near adult size by two years 
of age. It is practically impossible to reverse the height 
and brain growth deficit after 2 years of age with nutrition 
and other interventions; it is simply too late. 

Thus, nutrition during the first 1000 days since 
conception, encompassing pregnancy and the first 2 two 
years of life, is of profound importance for realizing the 
physical and intellectual potential. Nutritional corrections 
after two years will not change these outcomes. 

Hence, ensuring optimum nutrition of the mother 
before and during pregnancy, and optimum feeding of 
children in the first 2 years of life (including breastfeeding 
for first 2 years, and adequate solid feeding after 6 months 
of age) is absolutely crucial in human life. 


Determinants 


The causes of malnutrition could be viewed as immediate, 
underlying and basic as depicted in Fig. 7.9. 


The immediate determinants of a child's nutritional 
status work at the individual level. These include low 
birthweight, illnesses (particularly infections such as 
diarrhea and pneumonia) and inadequate dietary intake. 


Finally, the underlying determinants are influenced by 
the basic determinants. These include the socioeconomic 
Status and education level of the families, women's 
empowerment, cultural taboos regarding food and health, 
access to water and sanitation, etc. Access to safe water 
and sanitation, will reduce a significant proportion of 
undernutrition. 


Three cardinal determinants of undernutrition 


1.Low birth weight: Infants born small often remain 
undernourished. About 20% childhood undernutrition is 
attributable to fetal growth restriction. 

2. Infections: Diarrhea, pneumonia and other infections consume 
energy and hamper growth. Diarrhea causes nutrient loss in 
stools. About 25% childhood undernutrition is attributable to 
diarrhea, pneumonia and other infections. 

3.Low food intake: Inadequate breastfeeding, delayed 
complementary feeding and insufficient food intake means 


less energy and protein available for growth. This underlies 
about 55% of childhood undernutrition. 


Clinical Syndromes of Undernutrition 


Moderate and severe malnutrition is associated with one 
of classical syndromes, namely, marasmus, kwashiorkor, 
or with manifestations of both. Another classification, the 


severe acute malnutrition (SAM) is used in the program 
setting. 


Marasmus 


Marasmus is characterized by severe form of wasting. 

There is marked wasting of fat and muscle as these tissues 

are consumed to make energy. Acute starvation or acute 

illness over a borderline nutritional status precipitates this 
form of undernutrition. Sever marasmus is a typical form 
of severe acute malnutrition (SAM). 

* The main sign is severe wasting. The child appears very 
thin (skin and bones) and has no fat. There is severe 
wasting of the shoulders, arms, buttocks and thighs 
(Fig. 7.6). 

¢ The loss of buccal pad of fat creates the aged or wrinkled 
appearance that has been referred to as monkey facies 
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Fig. 7.5: Determinants of a child's nutrition status 


(Fig. 7.6a). Baggy pants appearance refers to loose skin 
of the buttocks hanging down (Fig. 7.6b), Axillary pad 
of fat may also be diminished 

e Affected children may appear to be alert in spite of their 
condition 

e There is no edema 


Kwoshlorkor 


Uncommon in India now, it usually affects children aged 

1-4 years. The main sign is pitting edema, usually starting 

in the legs and feet and spreading, in more advanced cases, 

to the hands and face. Because of edema, children with 

kwashiorkor may look healthy so that their parents view 

them as well fed. 

© General appearance: Child may have a fat sugar baby 
appearance. 

e Edema: It ranges from mild to gross and may represent 
up to 5-20% of the body weight. 

¢ Muscle wasting: It is always present. The child is often 
weak, hypotonic and unable to stand or walk. 

¢ Skin changes: The skin lesions consist of increased 
pigmentation, desquamation and dyspigmentation. 
Pigmentation may be confluent resembling flaky paint 
or in individual enamel spots. The distribution is 
typically on buttocks, perineum and upper thigh. 
Petechiae may be seen over abdomen. Outer layers of 
skin may peel off and ulceration may occur. The lesions 
may sometimes resemble burns. 

¢ Mucous membrane lesions: Smooth tongue, cheilosis and 


angular stomatitis are common. Herpes simplex 
stomatitis may also be seen. 





Fig. 7.6: A child with severe acute malnutrition. Note the 


(a) dull, lustreless, sparse hair; temporal hollow 
pad of fat; anxious look; (b) Loose folds of 
region giving a ‘baggy pant’ appearance 


Ing; loss of buccal 
skin In the gluteal 
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Hair: Changes include dyspigmentation, loss of 
characteristic curls and sparseness over temple and 
occipital regions. Hair lose their lustre and are easily 
pluckable, A flag sign which is the alternate bands of 
hypopigmented and normally pigmented hair pattern 
is seen when the growth of child occurs in spurts, 
Mental changes: Includes unhappiness, apathy or 
irritability with sad, intermittent cry. They show no 
signs of hunger and it is difficult to feed them. 


Neurological changes: Changes such as tremors are seen 
during recovery, 

Gastrointestinal system: Anorexia, sometimes with 
vomiting, is the rule. Abdominal distension is 
characteristic. Stools may be watery or semisolid, bulky 
with a low pH and may contain unabsorbed sugars, 
Anemia: Nutritional anemia is almost always associated. 
Cardiovascular system: The findings include cold, pale 
extremities due to circulatory insufficiency and are 
associated with prolonged circulation time, bradycardia, 
diminished cardiac output and hypotension. 

Renal fiurction: Glomerular filtration and renal plasma 


flow are diminished. There is aminoaciduria and 
inefficient excretion of acid load. 


Marasmic Kwashlorkor 


[It is a mixed form of undernutrition and manifests as 
edema occurring in children who may or may not have 


other signs of kwashiorkor and have varied manifestations 
of marasmus. 


severe Acute Malnutrition (SAM) 


This special classification is recommended by WHO for 
identifying and managing children with life threatening 
undernutrition in public health programme settings. 
Children with SAM have a mix of features of marasmus 
and kwashiorkor. 

Severe acute malnutrition (SAM) among children 
6-59 months of age is defined by WHO and UNICEF as 
any of the following three criteria: 

i. Weight-for-height below -3 standard deviation 
(<-3SD) on the WHO Growth Standard; or 
li. Presence of bipedal edema, or 
iii. Mid upper arm circumference (MUAC) below 11.5 cm. 

Ina child below 6 months of age, the MUAC is not used 
as a criterion. 

Children with SAM have a high risk of death. In 
addition to debilitating undernutrition, they often have 
Serious infections such as diarrhea, pneumonia, sepsis, 
malaria and skin infections. They require urgent attention. 


MANAGEMENT OF MALNUTRITION 


MANAGEMENT OF MALNUTRITION 


The management of malnutrition depends on its severity. 
While mild to moderate malnutrition can be managed on 
ambulatory basis, severe malnutrition is preferably 


managed in hospital. The management of low birth weight 
infants is discussed in Chapter 8. 


Mild and Moderate Malnutrition 


Mild and moderate malnutrition make up the greatest 
portion of malnourished children and account for >80% 
of malnutrition associated deaths. It is, therefore, vital to 
intervene in children with mild and moderate malnutrition 
at the community level before they develop complications. 

The mainstay of treatment is provision of adequate amounts 
of protein and energy; at least 150 kcal/kg/day should be given. 
Nutritious home food is recommended. The ICDS 
programme provides extra ration for such children. 

In order to achieve these high energy intakes, frequent 
feeding (up to seven times a day) is often necessary. 
Because energy is so important and because carbohydrate 
energy sources are bulky, oil is usually used to increase 
the energy in therapeutic diets. Nutrient-dense foods 
enable children to consume and maximize the absorption 
of nutrients in order to fulfil their requirements of energy 
and all essential nutrients. 

According to WHO, animal-source foods are more 
likely to meet the amino acid and other nutrient needs of 
recovering children. Milk and eggs are excellent animal 
origin foods for children. Plant-source foods, in particular 
legumes or a combination of cereals and legumes, also 
have high-quality proteins, although they may also 
contain some anti-nutrients such as phytates, tannins or 
inhibitors of digestive enzymes, which may limit the 
absorption of some micronutrients, particularly minerals. 

It is recognized increasingly that a relatively small 
increase over normal protein requirements is sufficient 
for rapid catchup growth, provided energy intake is high. 
A protein intake of 3 g/kg/day is sufficient. Milk is the most 
frequent source of the protein used in therapeutic diets, 
though other sources, including vegetable protein 
mixtures, have been used successfully. Adequate minerals 
and vitamins should be provided for the appropriate 


duration, The best measure of the efficacy of treatment of mild 
and moderate malnutrition is weight gain. 


severe Acute Malnutrition (SAM): 
Children 6 to 59 Months 


The World Health Organization has developed guidelines 
for the management of severe acute malnutrition (SAM) 
and these have been updated in 2013. Guidelines are 
mainly for children of more than 6 months of age. 

Once a child, 6 months or older, is diagnosed as SAM, 
she/he should be thoroughly assessed by a physician for 
complications by looking for severe edema (+++), lack of 
appetite, medical complications on clinical examination 
(e.g. severe anemia, pneumonia, diarrhea, dehydration, 
cerebral palsy, tuberculosis, HIV, heart disease etc.) and 
danger signs according to IMNCI algorithm (Fig. 7.7). If 
any of these are present, it is classified as complicated 
SAM, and the child is referred for inpatient management. 
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months ofage ~ 










Presence of 
1. Weight-for-height below —3 standard deviation 
(<-3SD) on the WHO Growth Standard; OR 

2. Presence of bipedal edema; OR 
3. Mid-upper arm circumference (MUAC) below 
11.5 cm (age 6 mo or more) 







Assess for the following complication 


1. Servere edema (+++); OR 

2. Low appetite (failed appetite test), OR 
3, Medical complications, OR 

4. One or more danger sign as per IMNCI 









No Yes 


~ Complicated SAM 


Uncomplicated SAM 
Supervised home “Inpatien nanagement 
management in a facility 


Fig. 7.7: Approach to child with severe acute malnutrition 












If the above mentioned signs are absent, the child has 
uncomplicated SAM and can be managed in the outpatient 
setting with care at home (Fig. 7.7). Good appetite is 
critically important in home care of the child with SAM 
because oral intake of adequate energy dense food is the 
fundamental requirement for recovery. 


Supervised Home Management of Uncomplicated SAM 


Children with uncomplicated SAM can be managed at 

home provided: 

¢ Family is counseled and fully engaged. 

¢ Community health worker(s) and peer counselors are 
involved to support the family. 

¢ Supply of adequate home food and ready to use 
therapeutic food (RUTF), if possible. 

¢ Periodic monitoring for growth and medical condition 
can be ensured, 


Table 7.9: Composition and nutrition value of the standard ready to use therapeutic food (RUTF) em 


Composition 
Peanut paste 30% 
Sugar 29% 
Milk solids 20% 
Vegetable oi] 18% 


With added mineral mix', vitamin mix, emulsifier and antioxidant 
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Mainstay of home management 1s nutritional 
rehabilitation with high energy food. This beets 
adequate home foods prepared form locally available 
cereals and pulses, sugar, oil, milk and/or aes ox, 
ensuring 175 cal/kg body weight/day. Ready to use 
therapeutic food (RUTF), which avoids cumbersome 
preparation of recipes at home is a practical option. The 
available evidence shows that recovery rates are higher 
with RUTE than home food based regimens even when 
families are well supported. 

RUTF is an energy dense, mineral and vitamin enriched 
food that has greatly improved the management of SAM. 
The composition of RUTF is shown in Table 7.9. The RUTF 
is made of peanut paste, sugar, milk solids and vegetable 
oil with added minerals and vitamins. RUTF has a pasty, 
smooth consistency, and good taste. It is easy for the child 
to eat and digest. RUTF can be locally produced or be 
commercially available. 

Caregiver should wash hands and utensils used for 
feeding. Breastfeeding should be continued, if the child is 
breastfed. The caregiver lovingly engages the child, talks 
to her, plays with her and makes feeding exercise an 
interactive affair. In addition, the child should be provided 
sensory stimulation (play, physical activity, laughter, 
exposure to colors and shapes, storytelling, massage, etc.). 

Optimum home management of a child with SAM is 
not possible without effective support by the health 
worker. Families will invariably need close facilitation and 
guidance by the health worker (ASHA ANM or AWW). 
A home contact every day initially, and then twice a week 
is essential (Panel 1). 

The child should be monitored by health workers for 
signs of undernutrition (weight, height, MUAC, edema, 
anemia, etc.) every week. 

In addition to nutrition, every child on SAM treatment 
should receive the following interventions: an antibiotic 
course (amoxicillin for 5 days), mega dose of vitamin 
(100 000 units) in the presence of clinical deficiency 
(xerophthalmia, Bitot's spots or keratomalacia), and 
albendazole single dose (for children over 2 years of age). 
(It may be noted that RUTF contains appropriate 
supplements of minerals and vitamins). The child should 


a | 
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Food value per 100 g 


Energy 543 kcal 
Nutrients 

Protein 159 
Lipids 35g 
Carbohydrates 43g 


‘Minerals per 100 g: Calcium 400 mg, phosphorus 400 mg, potassium 1100 mg, magnesium 110 mg, sodium <290 mg, iron 10 mg, zinc 12 mg, 


copper 1.5 m, iodine 100 yg, selenium 30 yg. 


Vitamins per 100 g: vitamin A 0.9 mg, vitamin D, 18 yg, vitamin K 21 yg, vitamin E 27 pg, vitamin C 54 mg, vitamin B, 0.5 mg, vitamin B. 1.8 mg, 
vitamin B, 0.7 mg, vitamin B,» 1.6 ug, niacin 5.8 mg, Ca-D pantothenate 3 mg, folic acid 225 yg, blotin 70 yg. 
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Panel 1: Summary of supervised home management of a child 
with uncomplicated SAM 


|, Nutrition therapy 


* What to feed: Initially home foods or RUTF; later home 
foods. Continue breastfeeding 


* How much to feed: Enough to provide 175 kcal/kg/day 
* How often to feed: 6-8 tines a day 


* How to feed: Lovingly, actively; ensuring hyglene 
\|, Other treatments 


* Oral amoxicillin for 5 days 
* Mega dose vitamin A, if obvious Signs of vitamin A deficiency 
* Albendazole 400 mg single dose 
* Age appropriate vaccines 
(ll. Sensory stimulation 
* Play, physical activity, interaction 
\V. Supervision and support 


* Home visits by health workers, initially daily, later twice a 
week; more if necessary 


* Involve a peer counselor, a volunteer woman friend/ 
neighbor to support the family 
* Ensure supply of RUTF 
V. Monitoring by health workers (ASHA/AWW/ANM) 
* Assess intake, solve feeding issues 
* Evaluate for medical problems: treat/refer 
* Assess growth weekly 


be provided all the due vaccines as per national immuniza- 
tion schedule. 

Nutritional rehabilitation of a child with SAM would 
require 3-5 months, Hence, home contacts are extremely 
important. After completion of treatment, the child should 
be followed up in the Anganwadi regularly. 


Management of Complicated SAM In Hospital 


All children with complicated SAM should be hospitalized. 
The government has established nutrition rehabilitation 
centres (NRCs) in all states, 


The child with severe malnutrition has a complex 
backdrop with dietary, infective, social and economic 
factors underlying the malnutrition. A history of events 
leading to the child's admission should be obtained. 
Socioeconomic history and family circumstances should 
be explored to understand the underlying and basic 
causes. Particular attention should be given to: Diet (before 
the current illness) including breastfeeding. Malnutrition 
may be the presentation of HIV infection. 


Physical features of malnutrition as described above 
should be looked for, Following clinical features should 
be particularly looked for: Fever, hypothermia (temperature 
<35.5°C), signs of dehydration, shock (cold hands, slow 
capillary refill, weak and rapid pulse), anemia, eye signs 
of vitamin A deficiency, localizing signs of infections 
(pneumonia, skin infections, diarrhea, tuberculosis), signs 
of HIV infection, mouth ulcers and skin changes of 
kwashiorkor. 

The general treatment involves 10 steps in two phases: 


° The initial stabilization phase focuses on restoring 
homeostasis and treating medical complications and 
usually takes 2-7 days of inpatient treatment. 


¢ The rehabilitation phase focuses on rebuilding wasted 
tissues and may take several weeks. 


The 10 essential steps and the time frame are shown in 
Fig. 7.8 and Table 7.10. 





Steps Stabilization Rehabilitation 
Days 1-2 Days 3-7 Weeks 2-6 
1. Hypoglycemia —_——S——_ 
2. Hypothermia ——————— 
3. Dehydration ae 
4, Electrolytes eee eee 
5. Infection Se ae i 
No iron With iron 


6. Micronutrients 

7. Initiate feeding 

8. Catch-up growth 
9, Sensory stimulation 


10. Prepare for follow-up 


Fig. 7.8: The time frame for Initiating and achieving 10 steps 


| oo 
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Table 7.10: Summary of the management of severe malnutrition 


Hypoglycemia Blood glucose level <54 mg/dL or 3 mmol/L 
If blood glucose cannot be measured, assume hypoglycemla 
Hypoglycemia, hypothermia and Infection generally occur as a triad 


Treatment 
Asymptomatic hypoglycemia 
Give 50 ml of 10% glucose or sucrose solution orally or by nasogastric tube followed by first feed 
Feed with starter F-75 every 2 hourly day and night 
Symptomatic hypoglycemia 
Give 10% dextrose IV 5 mi/kg 
Follow with 50 ml of 10% dextrose or sucrose solution by nasogastric tube 
Feed with starter F-75 every 2 hourly day and night 
Start appropriate antibiotics 
Prevention 
Feed 2 hourly starting immediately 
Prevent hypothermia 
Hypothermia Rectal temperature less than <35.5°C or 95.5°F or axillary temperature less than 35°C or 95°F 
Always measure blood glucose and screen for infections in the presence of hypothermia 
Treatment 
Clothe the child with warm clothes; ensure that the head is also covered with a scarf or cap 
Provide heat using overhead warmer, skin contact or heat convector 
Avoid rapid rewarming as this may lead to disequilibrium 
Feed the child immediately 
Give appropriate antibiotics 
Prevention 
Place the child’s bed in a draught free area 
Always keep the child well covered; ensure that head is also covered well 
May place the child in contact with the mother’s bare chest or abdomen (skin-to-skin) 
Feed the child 2 hourly starting immediately after admission 
Difficult to estimate dehydration status accurately in the severely malnourished child 
Assume that all severely malnourished children with watery diarrhea have some dehydration 
Low blood volume (hypovolemia) can coexist with edema 
Treatment 
Use reduced osmolarity ORS with potassium supplements for rehydration and maintenance 
Amount depends upon how much the child wants, volume of stool loss, and whether the child is vomiting 
Initiate feeding within two to three hours of starting rehydration; use F-75 formula on alternate 
hours along with reduced osmolarity ORS 
Be alert for signs of overhydration 
Prevention 
Give reduced osmolarity ORS at 5-10 mL/kg after each watery stool, to replace stool losses 
If breastfed, continue breastfeeding 
Initiate refeeding with starter F-75 formula 


Electrolytes Give supplemental potassium at 3-4 mEq/kg/day for at least 2 weeks 
On day 1, give 50% magnesium sulfate (equivalent to 4 mEq/mL) IM once (0.3 mL/kg; maximum of 2 mL). 
Thereafter, give extra magnesium (0.8—-1.2 mEq/kg daily) 
Excess body sodium exists even though the plasma sodium may be low; decrease salt in diet 


Infection Multiple infections are common; assume serious infection and treat 
Usual signs of infection such as fever are often absent 
Majority of bloodstream infections are due to gram-negative bacteria 
Hypoglycemia and hypothermia are markers of severe infection 
Treatment 
Treat with parenteral ampicillin 50 mg/kg/dose 6 hourly for at least 2 days followed by oral 
amoxicillin 15 mg/kg 8 hourly for 5 days; and gentamicin 7.5 mg/kg or amikacin 15-20 mg/kg IM or IV once 


daily for 7 days 





Dehydration 


(Contd...) 


Nutrition 


SS 
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“Table 7.10: Summary of the management of severe malnutrition (Contd..) “sr 


\f no Improvement occurs within 48 hours, change to IV cefotaxime (100-150 mg/k 
ceftriaxone (50-75 mg/kg/day 12 hourly) 


g/day 6-8 hourly) or 


If other specific infections are Identified, give appropriate antibiotics 


Prevention 


Follow standard precautions like hand hyglene 


yeen 


Give measiles vaccine, If the child Is >6 months and not immunized, or if the child is >9 months and had 


vaccinated before the age of 9 months 


Micronutrients 


Use up to twice the recommended dally allowance of various vitamins and minerals 


On day 1, give vitamin A orally (if age >1 year, give 2 lakh IU; age 6-12 months, give 1 lakh IU; age 


0-5 months, give 50,000 IU) 


Folic acid 1 mg/day (give 5 mg on day 1) 


Zinc 2 mg/kg/day 
Copper 0.2-0.3 mg/kg/day 


initiate feeding 


lron 3 mg/kg/day, once child starts gaining weight; after the stabilization phase 
Start feeding as soon as possible as frequent small feeds 


If unable to take orally, initiate nasogastric feeds 
Total fluid recommended is 130 mL/kg/day; reduce to 100 mL/kg/day, if there is severe edema 


Continue breastfeeding ad /ibitum 


Start with F-75 starter feeds every 2 hourly 


lf persistent diarrhea, give a cereal based low lactose F-75 diet as starter diet 


Catch-up growth 


If diarrhea continues on low lactose diets give, F-75 lactose free diets (rarely needed) 
Once appetite returns in 2-3 days, encourage higher intakes 


Increase volume offered at each feed and decrease the frequency of feeds to 6 feeds per day 


Continue breastfeeding ad libitum 


Make a gradual transition from F-75 to F-100 diet 
Increase calories to 150-200 kcal/kg/day, and proteins to 4—6 g/kg/day 


Sensory stimulation A cheerful, stimulating environment 


Add complementary foods as soon as possible to prepare the child for home foods at discharge 


Age appropriate structured play therapy for at least 15-30 min/day 
Age appropriate physical activity as soon as the child is well enough 


Tender loving care 
Prepare for follow-up 
Failure to regain appetite by day 4 


Failure to start losing edema by day 4 


Presence of edema on day 10 


Primary fallure to respond is indicated by: 


Failure to gain at least 5 g/kg/day by day 10 
Secondary fallure to respond is indicated by: 


Failure to gain at least 5 g/kg/day for consecutive days during the rehabilitation phase 


Step 1: Treat/Prevent Hypoglycemia 


All severely malnourished children are at risk of hypo- 
glycemia (blood glucose level <54 mg / dL or 3 mmol/ L), 
hence blood glucose should be measured immediately at 
admission. If blood glucose cannot be measured, one must 
assume hypoglycemia and treat. | | 
Hypoglycemia may be asymptomatic or symptomatic. 
Symptomatic hypoglycemia manifesting as lethargy, 
unconsciousness, seizures, peripheral circulatory failure 
or hypothermia is more common in marasmus, where 
energy stores are depleted or when feeding 1s infrequent. 
For correction of asymptomatic hypoglycemia, 50 mL 
of 10% glucose or sucrose solution (1 rounded teaspoon 
of sugar in 314 tablespoons of water) should be en coal 
or by nasogastric tube followed by the Hetee mae 
correction of symptomatic hypoglycemua, 5 mL/kg of 10% 


dextrose should be given intravenously. This should be 
followed with 50 mL of 10% dextrose or sucrose solution 
by nasogastric tube. Blood glucose levels must be 
estimated every 30 min till the glucose level becomes 


normal and stabilizes. Once stable, the 2 hourly feeding 
regimens should be started. 


Feeding should be started with starter F-75 (Formula 75 
which is a WHO recommended starter diet for severe acute 
malnutrition containing 75 kcal/100 mL of feed (described 
later) as quickly as possible and then continued 2-3 hourly 
day and night (initially a quarter of the 2 hourly feed should 
be given every 30 min till the blood glucose stabilizes). Most 
episodes of symptomatic hypoglycemia can be prevented 
by frequent, regular feeds and the child should be fed 
regularly throughout the night. Hypoglycemia, hypo- 
thermia and infection generally occur as a triad. 














Step 2: Treat/Prevent Hypothermia 


All severely malnourished children are at risk of 
hypothermia due to impairment of thermoregulatory 
control, lowered metabolic rate and decreased thermal 
insulation from body fat. Children with marasmus, 
concurrent infections, denuded skin and infants are at a 
greater risk. Hypothermia is diagnosed, if the axillary 
temperature is less than 35°C or 95°F, It can occur in 
summers as well. 

The child should be rewarmed providing heat using 
radiation (overhead warmer) or conduction (skin contact) 
or convection (heat convector). Rapid rewarming may lead 
to disequilibrium and should be avoided. 


In case of severe hypothermia (temperature <32°C), 
warm humidified oxygen should be given followed 
immediately by 5 mL/kg of 10% dextrose IV or 50 mL of 
10% dextrose by nasogastric route (if IV access is difficult). 
If clinical condition allows the child to take orally, warm 
feeds should be given immediately or else the feeds should 
be administered through a nasogastric tube, If there is feed 
intolerance or another contraindication for nasogastric 
feeding, maintenance IV fluids (prewarmed) should be 
started. 

In a hypothermic child, hypoglycemia must be looked 
for and managed. The child's temperature should be 
monitored every 2 hours till it rises to more than 37.5°C. 
Temperature monitoring must be ensured especially at 
night when the ambient temperature falls. 

In most cases, hypothermia may be prevented by 
frequent feeding. Therefore, the child should be fed 
immediately and subsequently, every 2 hourly. All 
children should be nursed in a warm environment, clothed 
with warm clothes and covered using a warm blanket. 
The head should also be covered well with a scarf or a 
cap. The child could also be put in contact with the 
mother's bare chest or abdomen (skin-to-skin) as in 
kangaroo mother care to provide warmth. Besides these 
measures, hypothermia can also be prevented by placing 
the child's bed in a draught free area away from doors 
and windows, minimizing exposure after bathing or 
during clinical examination and keeping the child dry 
always. 


Step 3: Treat/Prevent Dehyaration 


Dehydration tends to be overdiagnosed and its severity 
overestimated in severely malnourished children. Loss of 
elasticity of skin may either be due to loss of the 
subcutaneous fat in marasmus or loss of extracellular fluid 
in dehydration. In dehydration, the oral mucosa feels dry 
to the palpating finger gently rolled on the inner side of 
the cheek, Presence of thirst, hypothermia, weak pulses 
and oliguria are other signs of dehydration in severely 
malnourished children. It is important to recognize that 
low blood volume (hypovolemia) can coexist with edema. 
Since estimation of dehydration may be difficult in 
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it i that 
dren, it is safe to assume t 
severely malnourished chil . Me a etialen: 


all patients with watery diarrhea . ; 
WHO lays down following guidelines FOr treating 

dehydration with ORS in children with SAM: 

* Children with severe acute malnutrition who present 
with some dehydration or severe dehydration but who 
are not in shock should be rehydrated slowly using ORS 
for malnourished children. 

e Full-strength, standard W 
sayeralion solution (75 mmol/L of sodium) should 
not be used for oral or nasogastric rehydration in 
children with severe acute malnutrition who present 
with some dehydration or severe dehydration. 

* Give either half-strength standard WHO low- 
osmolarity oral rehydration solution with added 
potassium and glucose, unless the child has cholera or 
profuse watery diarrhea. Dissolve one sachet of 
standard WHO low-osmolarity oral rehydration 
solution in 2 L water (instead of 1 L). Add 1 level scoop 
of commercially available combined minerals and 
vitamins mix1 or 40 mL of mineral mix solution, and 
add and dissolve 50 g of sugar. 

As the combined minerals and vitamins mix and 
mineral mix solution are not available, the alternative is 
to dissolve one sachet of standard WHO low-osmolarity 
oral rehydration solution in 2 L water (instead of 1 L), 
add 50 g of sugar (sucrose) and 45 mL of syrup potassium 
chloride (10% solution in a sugarless base). 

ORS is given orally or by nasogastric tube at 5-10 mL/ 
kg/h up to a maximum of 12 hours. Thus, dehydration 
should be corrected slowly over a period of 12 hours. 

Intravenous therapy should be given only for severe 
dehydration and shock or if the enteral route cannot be 
used. The exact amount actually depends on how much 
the child wants, volume of stool loss and whether child is 
vomiting. Ongoing stool losses should be replaced with 
approximately 5-10 mL/kg of the ORS after each watery 
stool. The frequent passage of small unformed stools 
should not be confused with profuse watery diarrhea as 
it does not require fluid replacement. 

Breastfeeding should be continued during the 
rehydration phase. Refeeding must be initiated with 
starter F-75 within 2-3 hours of starting rehydration. The 
feeds must be given on alternate hr (e.g. 2,4, 6 hours) with 
reduced osmolarity ORS (composition as described above) 
(hr 1, 3, 5). Once rehydration ls complete, feeding must be 
continued and ongoing losses replaced with ORS. 

The progress of rehydration should be 
half hourly for first 2 hours and then nontiy partie 
he hours. seen rate, er Sel: rate, oral mucosa, urine 

equency or volume and frequen - 
heck be monitored. Mency of stools and vomiting 

_ One must be alert for signs of overhydration (increase 

in respiratory rate by 5/minute and pulse rate by 15/ 

minute, increasing edema and periorbital puffin ess); 


HO low-osmolarity oral 
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which can be dangerous and may lead to heart failure, 
In case of signs of overhydration, ORS should be stopped 
immediately and child reassessed after one hour. On the 
other hand a decrease in the heart rate and respiratory 
rate (if increased initially) and increase in the urine 
output indicate that rehydration is proceeding, The 
return of tears, a moist ora] mucosa, less sunken eyes 
and fontanelle and improved skin turgor are also 
indicators of rehydration. Once any four signs of 
hydration (child less thirsty, passing urine, tears, moist 
oral mucosa, eyes less sunken, faster skin pinch) are 


present, ORS for rehydration must be stopped and 
continued to replace the ongoing losses. 


--vere dehydration with shock: Itis important to recognize 
severe dehydration in malnourished children, Severe 
iehydration with shock is treated with intravenous fluids. 
ideally, Ringer lactate with 5% dextrose should be used 
as rehydrating fluid. If not available, half normal saline 
(N/2) with 5% dextrose or Ringer lactate alone can be 
used. After providing supplemental oxygen, the 
rehydrating fluid should be given at a slow infusion rate 
of 15 mL/kg over the first hour with continuous 
monitoring of pulse rate, volume, respiratory rate, 
capillary refill time and urine output. 

If there is improvement (pulse slows, faster capillary 
refill) at the end of the first hour of IV fluid infusion, a 
diagnosis of severe dehydration with shock should be 
considered and the rehydrating fluid repeated at the same 
rate of 15 mL/kg over the next hour. This should be 
followed by reduced osmolarity ORS at 5-10 mL/kg/hr, 
either orally or by nasogastric tube. Patients should be 
monitored for features of overhydration and cardiac 
decompensation. 


Septic shock: If at the end of the first hour of IV 
rehydration, there is no improvement or worsening, septic 
shock must be considered and appropriate treatment 
Started. 


Step 4: Correct Electrolyte Imbalance 


In severely malnourished children excess body sodium 
exists even though the plasma sodium may be low. 
Sodium intake should be restricted to prevent sodium 
overload and water retention during the initial phase of 
treatment. Excess sodium in the diet may precipitate 
congestive cardiac failure. ial as 

All severely malnourished children have oe 
of potassium and magnesium, which may vant wees 
Or more to correct. Severely malnourt ahed-< nif “ vaith 
develop severe hypokalemia and clinically ma i as 
Weakness of abdominal, skeletal and a espe ney 
Muscles. This may mimic flaccid pire Yc ineelan 
cardiography may show ST depression, T wa meets 
and presence of U waves. If serum Speaaerian : Santa ue 
or <3.5 mEq/L with ECG changes, correct 


started ot 0.3-0.5 miq/kpg/hr Infualon of potassium 
chloride in Intravenous flulds, preferably with continuous 
monttoring, of the HCG. 


Once severe hypokalemia Is corrected, all severely 
Malnourlshed children need supplemental potassium at 
3—4 mUiq/kp/day for at least 2 weeks, Potasslum can be 
given as syrup potassium chloride; the common 
preparation avallable has 20 mEq of potasslum/15 mL. 


On day 1, 50% magnesium sulfate (equivalent to 
4 mEq/mL) should be given at 0.3 mL/kg to a maximum 
of 2 mL Intramuscularly, Thereafter, 0.8-1,2 mEq/kg 


magnesium should be given orally as a supplement mixed 
with feeds, 


Step 5: Treat/Prevent Infection 


Infection may not produce the classical signs of fever and 
tachycardia in severely malnourished children. Instead, 
severe infection may be associated with hypothermia. 
Localizing signs of infection are often absent. The most 
common sites for infection are the skin, the alimentary 
tract, the respiratory tract (including the ears, nose and 
throat) and the urinary tract. Majority of the infections 
and septicemia are caused by gram-negative organisms. 
Therefore, all severely malnourished children should be 
assumed to have a serious infection on their arrival in 
hospital, In addition, hypoglycemia and hypothermia are 
considered markers of severe infection in children, 

The following investigations are done for identifying 
infections: (i) Hb, TLC, DLC, peripheral smear, (ii) 
urinalysis and culture, (iii) blood culture, (iv) chest X-ray, 
(v) Mantoux test, (vi) gastric aspirate for AFB, (vii) 
peripheral smear for malaria (in endemic areas), and (viii) 
CSF examination (if meningitis is suspected). 


All children with suspected infection should be treated 
with broad spectrum parenteral antibiotics; ampicillin and 
gentamicin or amikacin (Table 7.11), Antimalarial and 
antituberculous treatment should only be given when the 
particular conditions are diagnosed. 


Response to treatment will be indicated by resolution 
of initial symptoms and signs of infection, if any. 
The child's activity, interaction with parents and appetite 
should improve. If there is no improvement or 
deterioration of the symptoms/signs of infection, the 
child should be screened for infection with resistant 


bacterial pathogens, tuberculosis, HIV and unusual 
pathogens. 


Prevention of hospital acquired infection: The health care 
personnel should follow standard precautions. The 
effectiveness of hand hygiene should be emphasized to 
all health care providers, attendants and patients. It is 
essential that adequate safety measures are taken to 
prevent the spread of hospital acquired infections, since 
these children are at higher risk of acquiring infections 
due to their compromised immune status. 
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Table 7.11: Recommended antibiotics for Infections in severely malnourished children Ps j 


Type of infection Recommended antibiotics 





No obvious infections or 
complications 
Infected child or complications 


8 hourly for 5 days 


Pet) k 
Oral cotrimoxazole (5 mg/kg 12 hourly of trimethoprim) or oral amoxicillin 10 mg/kg 


ee s; 
IV ampicillin 50 mg/kg/dose 6 hourly and IV gentamicin 5-7 mg/kg/day In 3 2 doses; add 


; ; revise 
IV cloxacillin 100 mg/kg/day 6 hourly if staphylococcal infection 's suspected; rev! 
therapy based on the culture sensitivity report 


For septic shock or no 
improvement or worsening 
Meningitis in initial 48 hr 
Dysentery 


Add third generation cephalosporin, |.e. IV cefotaxime 100 mg/kg/day § hourly 


IV cefotaxime 200 mg/kg/day IV 6 hourly with IV amikacin 15 mg/kg/day heey P 
Ciprofloxacin 20 mg/kg/day in 2 divided doses; IV ceftriaxone 50 mg/kg/day Te NOUry, 


child is sick or has already received nalidixic acid 


Step 6; Correct Micronutrient Deficiencies 


All severely malnourished children have vitamin and 
mineral deficiencies. Micronutrients should be used as an 
adjunct to treatment in safe and effective doses. Up to 
twice the recommended daily allowance of various 
vitamins and minerals should be used. Although anemia 
is common, iron should not be given initially due to danger 
of promoting free radical generation and bacterial 
proliferation. It should be added only after a week of 
therapy when the child has a good appetite and starts 
gaining weight. 

Vitamin A deficiency is not an infrequent association 
and is an important cause of blindness caused by 
keratomalacia. Vitamin A should therefore be given to all 
severely malnourished children on day 1 at 50,000 TU, 
100,000 IU and 200,000 IU for infants 0-5 month, 6-12 
months and children >1 year of age unless there is definite 
evidence that a dose has been given in the last month. In 
presence of xerophthalmia, the same dose should be 
repeated on the next day and 2 weeks later. Children 
>1 year but weighing <8 kg should receive half the age 
related dose. In presence of clinical evidence of 
xerophthalmia the administration of vitamin A should be 
considered an emergency as the changes may progress to 
keratomalacia within hours. 

Children with SAM receiving F-75, F-100 or RUTF 
complying with WHO specifications do not need vitamin 
A supplementation because these preparations already 
contain sufficient vitamin A. 

Vitamin K should be administered in a single dose of 
2.5 mg intramuscularly at the time of admission. Daily 
multivitamin supplements containing thiamine 0.5 mg/ 
1000 kcal, riboflavin 0.6 mg/1000 kcal and nicotinic acid 
(niacin equivalents) 6.6 mg/1000 kcal should be given. It 
is better to give a formulation that is truly multivitamin 
(e.g. one that has vitamin A, C, D, E and B,,). Folic acid 
1 mg/day (5 mg on day 1), zinc 2 mg/kg/day and copper 
0.2-0.3 mg/kg/day should be given daily. Iron 3 mg/kg/ 
day should be added once child starts gaining weight, after 
the stabilization phase. 

Emergency treatment of severe anemia: If a severely 
malnourished child has severe anemia with a hemoglobin 


less than 4 g/dL or between 4 and 6 g/dL but with © 


respiratory distress, a blood transfusion should be given 
with whole blood 10 mL/kg bodyweight slowly over 
3 hours. Furosemide should be given at the start of the 
transfusion. If the severely anemic child has signs of 
cardiac failure, packed cells rather than whole blood 
should be transfused. 

The hemoglobin concentration may fall during the first 
week of treatment. This is normal and no transfusion 
should be given. In mild to moderate anemia, iron should 
be given for two months to replete iron stores but this 
should not be started until after the initial stabilization 
phase has been completed. 


Step 7: Initiate Refeeding 


Feeding should be started as soon as possible with a diet 
which has osmolarity less than 350 mOsm /L; lactose not 
more than 2-3 g/kg/day; appropriate renal solute load 
(urinary osmolarity <600 mOsm/L); initial percentage of 
calories from protein of 5%; adequate bioavailability of 
micronutrients and low viscosity. The preparation should 
be easy to prepare and socially acceptable and there 


should be facilities for adequate storage, cooking and 
refrigeration. 


Start cautious feeding: The suggested starter formulae 
are usually milk based, such as starter F-75 diet 
(containing with 75 kcal/100 mL). The protein content is 
0.9 g of protein/100 mL. Feeding should be started with 
F-75 as soon as possible as frequent small feeds. If child 
is unable to take orally with a cup and spoon ae takes 
<80% of the target intake, nasogastric feeds should be 
initiated. Breastfeeding should be continued ad libitum. 
ae aa could be started on cereal based diets 
One should begin with 80 kcal/k 
increase to 100 kcal/kg/day. To 
start with 2 hourly feeds of 11 m 
are essential. The volume of feed 
while decreasing the frequenc 
calories are increased only afte 
increased volume of feeds, 


g/day and gradually 
fulfill this, one should 
L/kg/feed. Night feeds 
S are increased gradually 
y of administration. The 
t the child can accept the 
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Table 7.12: Starter diets 
Diet contents (per 100 mL) 


F-75 Starter F-75 Starter (cereal based) F-75 Starter (cereal based) 

: Example: 1 Example: 2 
Cow milk or equivalent (mL) 30 30 25 
(approximate measure of one katori) (1/3) (1/3) (1/4) 
Sugar (g) 9 6 3 
(approximate measure of one level teaspoon) (1%) (1) (1/2) 
Cereal: Powdered puffed rice* (g) - 2.5 6 
approximate measure of one level teaspoon) (3/4) (2) 
Vegetable oil (g) 2 25 3 
‘approximate measure of one level teaspoon) (1/2) (1/2) (3/4) 
Water: Make up to (mL) 100 100 100 
=nergy (kcal) 75 75 75 
rotein (g) 0.9 1.1 1.2 
Lactose (g) 1.2 1.2 1.0 


‘Powdered puffed rice may be replaced by commercial precooked rice preparations (in same amounts). 


Wherever feasible, actual weighing of the constituents should be carried out. Household measure should be used only as an alternative, as they 
ay not be standardized. 


rhe above charts give the composition for 100 mL diet. Wherever, there is a facility for refrigeration, 1 liter diet could be prepared by multiplying 
ine requirement of each constituent by 10. 


Step 8: Achieve Catch-up Growth with F-100 Diet and RUTF 


For catch-up growth, energy and protein intake has to be 
enhanced further; F-75 diet (F-75 kcal/100 mL) would not 
be enough. Starter F-75 feeds should be gradually replaced 
with feeds which have a higher calorie density (100 kcal/ 
100 mL) and have at least 2.5-3.0 g protein/100 mL. These 
feeds are called F-100 diets or Catch-up diets (Table 7.13). 

Once appetite returns, increasing intakes of F-100 
should be encouraged. It is recommended that each 
successive feed is increased by 10 mL until some is left 
uneaten. The frequency of feeds gradually decreased to 
6 feeds/day and the volume increased till the child is being 


Table 7.13: Catchup diets 





Diet contents s hn up Pes up 
sich: : 

(per 100 mL) (cereal based) 

Cow milk/toned dairy milk (mL) ; a es 

(approximate measure of one katori) (3/4) : 5 

Sugar (g) er (1/2) 

(approximate measure of one ( 

level teaspoon) 7 

Cereal: Puffed rice (g) ‘. (2) 

(approximate measure of one 


level teaspoon) 9 D) 
Vegetable oil (g) 


(approximate measure of one (1/2) (1/2) 
level teaspoon) 100 100 
Water to make (mL) 401 100 
Energy (kcal) 2.9 2.9 
Protein (g) 3.8 3 
Lactose (g) 


offered 200 mL/kg/day of F-100 diet. Breastfeeding 
should be continued Ad libitum. 

Once the child achieves rapid weight gain, F-100 should 
be changed to RUTF and gradually to home food. 

The daily amount of RUTF to be consumed varies 
according to body weight as follows: 3-4.9 kg: 105-130 g; 
5-6.9 kg: 200-260 g; 7-9.9 kg: 260-400 g and 10-14.9 kg: 
400-460 g. This amount is to be given along with plenty 
of water in 2-3 hourly feeds. The child should continue to 
receive other foods and breastfeeding during medical 
nutrition therapy with RUTEFE. 

Home foods should be added as soon as possible to 
prepare the child for home foods at discharge. They should 
have comparable energy and protein concentrations once 
the catchup diets are well tolerated. Khichri, dalia, banana, 
curd-rice and other culturally acceptable and locally 
available diets can also be offered liberally. 


Special diets for diarrhea: For children with persistent 
diarrhea, who do not tolerate low lactose diets, lactose 
free diet can be started. In these diets, carbohydrates (rice, 
sugar and glucose) can be given in varying proportions 
according to the patients’ individual tolerance to achieve 
optimal balance between osmolarity and digestibility. 


Monitoring progress during treatment: If there is a good 
weight gain of >10 g/kg/day, the same treatment should 
be continued till recovery. If there is a moderate weight 
gain of 5-10 g/kg/day; food intake should be checked 
and the children should be screened for systemic infection. 
Incase of poor weight gain of <5 g/kg/day possible causes 
like inadequate feeding, untreated infection, psychological 
problems and coexisting infections like tuberculosis and 
HIV should be looked for and managed appropriately. 
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step 9; Provide Sensory Stimulation and 
Emotional Support 


Delayed mental and behavioral development often occurs 
in severe malnutrition. In addition to the above 
management, one should encourage a cheerful, 
stimulating environment; structured play therapy for at 
least 15-30 min/day; physical activity as soon as the child 
is well enough and tender loving care. 


Step 10; Prepare for Follow-up 


Ideally, 6-8 weeks of hospitalization is required for 
optimum recovery. SAM children admitted to hospital can 
be transferred to outpatient care when their medical 
complications have settled, edema, is resolving and they 
have a good appetite, they are consuming adequate RUTF, 
and are clinically well and alert. 

The decision to transfer children from inpatient to 
outpatient care should be determined by their clinical 
condition and not on the basis of specific anthropometric 
outcomes such as a specific mid-upper arm circumference 
or weight-for-height/length. 

National guidelines recommend treatment for 
helminthic infections should be given to all children with 
SAM before discharge. Give a single oral dose of 
Albendazole 200 mg of for children aged 12-23 months, 
400 mg for children aged 24 months or older. 


Post-Discharge Care at Home 


A child with SAM may be considered to have completed 

treatment when: 

° There is no edema for at least 2 weeks, plus 

¢ Weight-for-height (or length) reaches -2 SD or higher 
on WHO Growth Standard or mid-upper-arm 
circumference is more than 12.5 cm 

After discharge, the principles of care are the same for 
supervised home care of uncomplicated SAM (as above). 
This is a very important phase and full support needs to 
be extended to the family by involving the frontline 
workers and community. The treatment of the child is not 
complete till the weight-for-height and MUAC reaches 
normal range (see below), 

The caregiver should be advised to bring child back 
for regular follow-up checks, ensure booster immuni- 
zations, make sure that vitamin A is given every 6 months, 
feed frequently with energy and nutrient dense foods and 
give structured play therapy. 

Until the above is reached, the child must be under 
constant care at hospital and/or home by a frontline health 
team. Support to the family must be continued during this 
phase and after discharge from treatment. 


Severe Acute Malnutrition: Under 6 Months of Age 


Infants less than 6 months of age with SAM and any of 
the following complicating factors should be admitted for 
inpatient care: 
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a. Any serious clinical condition or medical complication 
as outlined for infants who are 6 months of age or older 
with severe acute malnutrition, — . 

b. Recent weight loss or failure to gain weight; | 

c, Ineffective feeding (attachment, positioning and 
suckling) directly observed for 15-20 min, ideally ina 
supervised separated area; 

d. Any pitting edema; : 

ef: Ae seiedieal or social issue needing more detailed 
assessment or intensive support (e.g. disability, 
depression of the caregiver, OF other adverse social 
circumstances); 

Infants less than 6 months of age with SAM should 
receive the same general medical care as infants with 
severe acute malnutrition who are 6 months of age or 
older: 

a. Infants with severe acute malnutrition who are 
admitted for inpatient care should be given parenteral 
antibiotics to treat possible sepsis and appropriate 
treatment for other medical complications such as 
tuberculosis, HIV, surgical conditions or disability; 

b. Infants with severe acute malnutrition who are not 
admitted should receive a course of broad-spectrum 
oral antibiotic, such as amoxicillin, in an appropriately 
weight adjusted dose. 

Feeding approaches for infants who are less than 
6 months of age with severe acute malnutrition should 
prioritize establishing, or re-establishing, effective 
exclusive breastfeeding by the mother. 

Infants who are admitted: 

a. Should be breastfed where possible and the mothers 
should be supported to breastfeed the infants. If an 


infant is not breastfed, support should be given to the 
mother to re-lactate 


b. Should also be provided a supplementary feed: 


supplementary suckling approaches should, where 
feasible, be prioritized; for infants with severe acute 
malnutrition but no edema, expressed breast milk 
should be given, and, where this is not possible, 
commercial (generic) infant formula or F-75 or diluted 
F-100 may be given (prepared F-100 should be further 
diluted by adding 30% water), either alone or as the 
supplementary feed together with breast milk; and for 
infants with severe acute malnutrition and edema, 
infant formula or F-75 should be given asa supplement 
to breast milk; 

c. Should not be given undiluted F-100 at any time (owing 
to the high renal solute load and risk of hypernatremic 
dehydration); prepared F-100 should be further diluted 
by adding 30% water. 

d. If there is no realistic prospect of being breastfed, should 
be given appropriate and adequate replacement feeds 
such as commercial (generic) infant formula, with 
relevant support to enable safe preparation and use, 
including at home when discharged. 











e, Assessment of the physical and mental health status of 
mothers or caregivers should be promoted and relevant 
treatment or support provided 
Infants less than 6 months of age with SAM and have 


been admitted to inpatient care can be transferred to 
outpatient care when: 


a. All clinical conditions or medical complications, 


including edema, are resolved, and 


= infant has good appetite, is clinically well and alert, 
an 


b. 


. Weight gain on either exclusive breastfeeding or 
replacement feeding is satisfactory, e.g. above the 
median of the WHO growth velocity standards or more 
than 5 g/kg/day for at least 3 successive days, and 

. The infant has been checked for immunizations and 
other routine interventions, and 


. The mother or caregiver is linked with needed 
community-based follow-up and support 
For infants who are less than 6 months of age with 
severe acute malnutrition and who do not require 


inpatient care, or whose caregivers decline admission for 
assessment and treatment: 


a. Counseling and support for optimal infant and young 


child feeding should be provided, based on general 
recommendations for feeding infants and young 
children, including for low-birth-weight infants; 

. Weight gain of the infant should be monitored weekly 

to observe changes; 

c. If the infant does not gain weight, or loses weight while 
the mother or caregiver is receiving support for 
breastfeeding, then he or she should be referred to 
inpatient care; 

d. Assessment of the physical and mental health status of 
mothers or caregivers should be promoted and relevant 
treatment or support provided. 


Preventing Undernutrition 


Since childhood undernutrition is multifactorial, it can 
only be prevented through interventions across sectors. 
Action is required at the individual and societal level 
(Panel 2). Health and wellbeing of girls, women and 
children must be ensured. Underlying social determinants 
such poverty, illiteracy, discrimination and social 
insecurity must be addressed. Convergence of health 
programs (antenatal care, facility birth, home based 
newborn care, immunization, IMNCI, etc.) with ICDS 
initiatives (feeding counseling, supplementary nutrition 
and preschool education) must converge. 


Integrated Child Development Services (ICDS) 


The ICDS program seeks to directly reach out to children, 
below AS especially from vulnerable groups and 
remote areas. The Scheme provides an integrated 
approach for converging basic services through 
community-based workers and helpers. The services are 


Panel 2: Preventing undernutrition In children 


Individual Level Action 

Mother 

* Care of the adolescent girl 

Childbirth after 20 years 

* Spacing between pregnancies 

* No more than 2 children 

* lron and folic acid to ensure good hemoglobin 

Antenatal checks as per national program 

Additional food and micronutrients (especially Iron and folic 

acid) in pregnancy 

Child 

* Initiation of breastfeeding within one hour 

* Exclusive breastfeeding for first 6 months, continuing till 
2 years or more 

Special support to low birth weight babies for breastfeeding 

and kangaroo mother care 

¢ Complementary feeding introduction at 6 months 


Optimum intake of food that is balanced, energy-dense and 
of good quality 


* Hygiene, handwashing 

Full immunization especially, measles, BCG, rotavirus, 
H. influenzae and pneumococcal 

Prompt treatment of diarrhea with ORS and zinc 

Prompt treatment of pneumonia and other illnesses 
Growth monitoring and periodic checks 

Adolescent girls: Future mothers 

* Optimum nutrition 

¢ Education in parenting and mothercraft 

* Marriage after 18 years of age 


Society Level Action 

* Safe water and sanitation 

* Aculture of good nutrition 

* Maternity and child care leave to enable women to breastfeed 
and to take care of infants and children 

Creches for children of working women 

Promoting breastfeeding at workplace 


Cash support to pregnant and lactating women (as being 
provided by the government) 


Socio-economic development, high income, equity 
Education of women and men 

Women's empowerment 

Food security at the household level 

Nutrition promoting agriculture 


provided at a center called the 'Anganwadi’. A package 

of six services is provided under the ICDS Scheme: 

a. Supplementary nutrition for mother and the child. The 
norms are given in Table 7.14. 


b. Immunization of pregnant women and infants as per 
the national program. 

c. Nonformal preschool education. Stimulating learning. 

d. Health check-up. This includes health care of children 
less than six years of age, antenatal care of expectant 
mothers and postnatal care of nursing mothers. These 
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Table 7.14: Norms for supplementary nutrition in ICDS 7 


Beneficiaries Energy __ Protein | 
kcal (g) 

Children (6 to 72 months) 500 12-15 

Severely malnourished children (SAM) 800 20-25 

(6 to 72 months) 

Pregnant women and lactating mothers 600 18-20 


Source: http://icds-wed.nic.in/icds/icds.aspx 


services are provided by the ANM and medical officers 

under the RCH programme. The various health services 

include regular health check-ups, immunization, 
management of malnutrition, treatment of diarrhea, 
deworming and distribution of simple medicines. 

e. Referral services. During health check-ups and growth 
monitoring, sick or malnourished children are referred 
to the primary health center or its subcenter. 

f. Nutrition and health education. Healthy behaviors and 
detection and treatment of sickness. 

Under the POSHAN Abhiyaan, a flagship mission of 
the Prime Minister launched in February 2018, a new 
impetus has been given to nutrition program. The goals 
for this three-year mission are to: 
¢ Reduce stunting in children (0-6 years) @ 2% per annum 
e Reduce under-nutrition (underweight prevalence) in 

children (0-6 years) @ 2% per annum 
© Reduce low birth weight (LBW) @ 2% per annum 
© Reduce prevalence of anemia amongst young children 

(6-59 months) @ 3% per annum 
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¢ Reduce prevalence of anemia amongst women and 
adolescent girls (15-49 years) @3% per annum 
Under the POSHAN (PM's Overarching Scheme for 
Holistic Nutrition) Abhiyaan the focus is on health and 
nutrition in first 1000 days of life, convergence across 
sectors (including Swachh Bharat and Health), IT driven 


tracking of beneficiaries apart from growth monitoring. 
A major thrust of the mission will be to create an 
unprecedented Jan Andolan for nutrition and health. 
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Micronutrients In 
Health and Disease 


Vitamins are organic compounds, required in small 
amounts, for maintenance of health and normal growth that 
are not synthesized in the body and must be obtained from 
the diet. They can be categorized into fat-soluble (A, D, E, 
K) and water-soluble forms (B complex vitamins, C and 
folate). The former control protein synthesis at either 
transcriptional or post-transcriptional level and perform 
diverse biochemical functions, as hormones (e.g. vitamin 
D), antioxidants (e.g. vitamin E) and regulators of tissue 
growth and differentiation (e.g. vitamin A). Several 
vitamins (e.g. B complex vitamins) function as precursors 
for enzyme cofactor biomolecules (coenzymes) that act as 
catalysts and substrates in metabolism. Breast milk is 
deficient in vitamins D and K and exclusively breastfed 
infants must be supplemented with these vitamins (Box 8.1). 

Certain minerals are essential to support biochemical 
processes involved in cell structure and function. 
Important minerals include calcium, chloride, cobalt, 
copper, iodine, iron, magnesium, manganese, molybdenum, 
nickel, phosphorus, potassium, selenium, sodium, sulfur 
and zinc. The amount required varies from >100 mg/day 
(major minerals including sodium, potassium, chloride, 
calcium, magnesium and phosphorus) to <100 mg/day 
(trace minerals including iron, copper, zinc). Ultra-trace 
minerals are required in miniscule amounts (<1 mg/ day). 
Marginal or severe imbalances in trace elements are risk 
factors for several diseases. In addition to deficiencies of 
iron and iodine, features of deficiency of copper, zinc and 
selenium are recognized. 






Box 8.1: Breast milk and vitamins 


Breast milk is the complete food for infants. However, breast 
milk is deficient in vitamins D and K. , 
Breast milk contains only 30-40 IU/L of vitamin D, whereas 
the RDA is higher. Exclusively breastfed babies require vitamin 
D supplementation in the dose of 400 IU/day to prevent 
rickets. ! a 
Vitamin K is produced by the gut microflora. It may take 
sometime for a newborn gut to be colonized by bacteria and 
start producing the vitamin, All babies should receive vitamin 
K at birth to prevent hemorrhagic disease of the newborn. | 
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Intakes of micronutrients recommended by the National 
Academy of Science 2006 are available at www.nap.edu. 

Intakes proposed by the Indian Council of Medical 
Research in 2010 are listed in Table 6.1 and are also 
available at icmr.nic.in/ final RDA-2010.pdf 


FAT-SOLUBLE VITAMINS 


Vitamin A 


Vitamin A (retinol) is derived from natural plant pigments 
called carotenoids (provitamin A) that are converted to 
retinol in the body and stored as retinol palmitate in the 
liver. Retinol is further converted to the active forms of 
vitamin A: Retinal and retinoic acid. 

Being a fat-soluble vitamin, vitamin A is absorbed as a 
part of chylomicrons. 





Physiological Functions 


Retinol is converted to retinal which plays an important 
role in vision especially night vision. Within the eye, 11- 
cis-retinal, an isomer of retinal, is bound to rhodopsin (rod 
cells) and iodopsin (cones). As light enters the eye, 11-cis- 
retinal is isomerized to the all-trans form. The all-trans- 
retinal dissociates from the opsin ina series of steps called 
bleaching. This isomerization induces a nervous signal 
along the optic nerve to the visual center of the brain. 
Subsequently, the all-trans-retinal is recycled and 
converted to 11-cis-retinal form via a series of enzymatic 
reactions. Deficiency in vitamin A inhibits the reformation 
of rhodopsin and leads to night blindness. Retinal and its 
derivative retinoic acid bind to intracellular receptor, 
regulate gene expression and induce the synthesis of 
proteins involved in growth and cell differentiation. 
Retinol is also required for production of glycoproteins 
and mucus and helps to maintain the integrity of epithelial 
tissues. Vitamin A deficiency leads to drying of epithelial 
surfaces and excessive keratin formation of the surface. 


Sources 


Carotenoids (provitamin A) are found in green and yellow 
plants including carrots, dark-green leafy vegetables, 








squash, oranges and tomatoes. f-carotene is the major 
carotenoid found in plants. Animal sources such as liver, 
shark/cod liver oil, egg yolk, whole milk and butter are 
good sources of preformed vitamin A (retinol). Many 
processed foods and infant formulas are fortified with 
preformed vitamin A. 


Recommended Daily Allowance 


The recommended daily allowance of vitamin A is as 
follows: (i) infants 300-400 jg; (ii) children 400-600 pg; 
(ili) adolescents 750 pg. 

1 pg retinol = 3.3 international units (TU) of vitamin A. 
Hence, 30 mg retinol = 100,000 IU vitamin A 


Vitamin A Deficiency 


Mild vitamin A deficiency manifests with follicular 
hyperkeratosis of the skin that consists of rough skin with 
raised hyperkeratotic patches resembling goosebumps. 
Defective dark adaptation is a characteristic early clinical 
feature, resulting in night blindness. The ocular epithelium 
becomes dry (xerophthalmia) (Table 8.1) and hyper- 
keratinized with the appearance of small foam-like silvery 
lesions on the conjunctiva (Bitot spots) (Fig. 8.1). More 
severe deficiency leads to hyperkeratinization of the 
cornea with the appearance of corneal opacity, which can 
progress to ulceration and infection (keratomalacia) 
(Fig. 8.2). Loss of mucosal integrity of the respiratory, 
gastrointestinal tracts and impaired immunity predispose 
children to severe systemic infections especially measles. 
In developing countries, vitamin A deficiency is the 
leading cause of blindness in preschool children. 

Malnourished children and those with fat malabsorption 
(celiac disease and liver disease) are predisposed to 
vitamin A deficiency. 

Laboratory tests show mild leukopenia and serum 
retinol level of 15 pg/dL or less (normal 20 to 80 pg/dL). 


Treatment of vitamin A deficiency: Specific treatment 
consists of oral vitamin A at a dose of 50,000 IU, 100,000 
IU and 200,000 IU in children aged <6 months, 6-12 
months and >1 year, respectively. The same dose is 
repeated next day and 4 weeks later. Alternatively, 
parenteral water-soluble preparations are administered 
in children with persistent vomiting or severe 
malabsorption (parenteral dose is half the oral dose for 
children above 6-12 months and 75% in <6 months old). 
Clouding of the cornea ina child with vitamin A deficiency 


| Table 8.1: WHO classification of xerophthalmia 
Primary signs Secondary signs 
X1A Conjunctival xerosis XN Night blindness 
X1B Bitot's spots XF Fundal changes 
X2 Corneal xerosis XS Corneal scarring 
X3A Corneal ulceration (<1/3 of cornea) 

X3B Corneal ulceration (>1/3 of cornea) 
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Fig. 8.1: Bitot spot showing foamy frothy sharply demarcated 
whitish spot on the temporal side of bulbar conjunctiva, this is 
formed by keratinization of the epithelium and accumulation 
of mucus, bacteria and debris on the surface, and is a classic 
sign of vitamin A deficiency (Courtesy: Dr Vanathi, RP Centre, 
AllIMS) 
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Fig. 8.2: Bilateral keratomalacia in a child with protein energy 
malnutrition and severe vitamin A deficiency precipitated by 
an episode of pneumonia, Note the bilateral corneal 
opacification and corneal perforation in the left eye. 


is an emergency and requires parenteral administration 
of 50,000 to 100,000 IU (15 to 30 mg retinol). In case of 
keratomalacia, local treatment with antibiotic drops and 
ointment and padding of the eye enhances healing. 


Prevention: Under the National Vitamin A Pr 
Programme, sponsored by the Minis 
Family Welfare, children between 1 
previously given oral doses of 200,000 Il vitamin A every 
six months. Evaluation studies since then revealed 
inadequate coverage in most states. Currently, vitamin A 
is given only to children less than three years old since 


they are at greatest risk and the administration of the first 
two doses is linked with routine immunization to improve 


ophylaxis 
try of Health and 
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the coverage. Hence, a dose of 100,000 IU is given with 
measles vaccine at 9 months and 200,000 IU with the DPT 
booster at 15-18 months. In endemic areas, 3 more doses 
are administered at 24, 30 and 36 months, Dietary 
improvement is necessary to prevent vitamin A deficiency, 
Children with measles and severe malnutrition should 


receive vitamin A at 100,000 IU, if <1-year-old and 200,000 
[U, if older. 


Coarotenemia 


Beta-carotene is an important precursor of vitamin A in 
vegetable-based diets; 10 yg fi-carotene has the biological 
potency of 1 pg retinol. Excessive dietary intake of carotene 
containing foods, most commonly carrots and carrot- 
containing products, can lead to deposition of carotenoids 
in keratin and subcutaneous fat. At high plasma levels, 
yellow pigmentation (carotenemia) shows in superficial 
skin (face, palms and soles), but not in sclerae. The color 


returns to normal within 2-6 weeks of discontinuing 
intake of carrots, 


Hypervitaminosis A and Teratogenicity 


Vitamin A toxicity occurs ingesting more than 50,000 IU/ 
day of vitamin A for several months in the form of fish 
liver oil, therapeutic vitamin preparations or, in 
adolescents, as retinol or retinoic acid for acne. Acute 
manifestations include pseudotumor cerebri (vomiting, 
irritability, bulging fontanel, diplopia, headache). Patients 
with chronic hypervitaminosis may have anorexia, dry 
skin, alopecia, painful joints and hepatosplenomegaly. 
Vitamin A is teratogenic, if taken in high doses in early 
gestation. The WHO recommends that vitamin A in 
take during pregnancy should not exceed 3000 pg daily 
or 7500 pg every week. 


Vitamin D 


Vitamin D, the 'sunshine vitamin’, is produced in the 
upper layers of the skin on exposure to solar ultraviolet B 
(UVB) radiation. Under normal conditions, endogenous 
synthesis of vitamin D is sufficient to meet the body's 
needs. However, when endogenous production is low, 
due to a variety of factors, diet becomes an important 
source of the vitamin. 


Metabolism and Mechanism of Action 


There are two forms of vitamin D: Vitamin D, 
(ergocalciferol, made in plants) and D, (cholecalciferol, 
made in animals). Vitamin D, is synthesized from 
7-dehydrocholesterol in the dermis after exposure to UVB 
solar irradiation of wavelength 290-315 nm. It is then 
bound to vitamin D-binding protein and transported to 
the liver. Vitamin D can also be derived from the diet from 
either plant (vitamin D,) or animal (vitamin D,) sources, 
Dietary vitamin Dis readily absorbed from the duodenum 
by an active transport system and incorporated into 


chylomicrons and transported to the liver, Being a fat- 
soluble vitamin, vitamin D absorption is decreased in 
conditions of fat malabsorption such as chronic 
pancreatitis, cystic fibrosis, etc. 

In the liver, the enzyme 25a-hydroxylase hydroxylates 
vitamin D, and D, to form 25-hydroxyvitamin D, [250HD, 
or ergocalcidiol] and 25-hydroxyvitamin D, [250HD; or 
cholecalcidiol], respectively. This biochemical step 1s 
substrate dependent and occurs without any negative 
feedback control. 250HD (predominantly in the form of 
cholecalcidiol) is then released into the bloodstream and 
has a biological half-life of approximately 3 weeks. Due 
to its long half-life, serum cholecalcidiol level is considered 
the biochemical marker for vitamin D status in the body. 

Cholecalcidiol (25OHD,) undergoes further hydroxyla- 
tion in the kidneys by the enzyme 1o-hydroxylase to form 
1,25-dihydroxyvitamin D, (1,25(OH),D,] or cholecalcitriol. 
Cholecalcitriol is the active form of vitamin D and affects 
calcium homeostasis through its action on the intestine, 
kidney and bones. In the intestine, it increases absorption 
of calcium by inducing the formation of calcium transport 
proteins and intracellular calcium-binding protein 
(calbindin) in the enterocytes. In the kidney, cholecalcitriol 
enhances calcium resorption in the renal tubules by a similar 
mechanism. It decreases the activity of renal 1-a- 
hydroxylase enzyme via feedback inhibition, and stimulates 
renal 24-hydroxylase enzyme activity (that inactivates both 
calcidiol and calcitriol), In the bone, calcitriol helps in 
stimulating osteoclast activity and proper mineralization 
of bone. Thus, the overall effect of cholecalcitriol in the body 
is to increase serum levels of calcium. 

The activity of renal 1a-hydroxylase enzyme is affected 
by other factors as well: Both parathyroid hormone and 
low serum phosphate levels increase the activity of 1-ca- 
hydroxylase, whereas the hormone fibroblast growth 


factor-23 (FGF-23), produced by bone, decreases its activity 
(Fig. 8.3). 


SOUICES 


The dietary sources of vitamin D include fish and fish oils, 
ege yolk and some plants. However, natural diet contains 
very little vitamin D and adequate endogenous production 
or dietary supplementation is essential to prevent 
deficiency. 

Adequate vitamin D synthesis in the skin depends on 
various factors including time spent outdoors and the 
amount of clothing. The dermal pigment melanin 
decreases the amount of UVB rays that reach the epidermal 
layers containing the substrate, 7-dehydrocholesterol. 
Hence, individuals with dark skin require more duration 
of sun exposure to make the same amount of vitamin D. 
Moreover, the amount of UVB radiation reaching the skin 
depends on the time of the day, latitude, season, cloud 
cover and presence of air pollutants. Excessive exposure 
to sunlight does not increase vitamin D production as 
previtamin D, is degraded into inert products such as 


1. 
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Fig. 8.3: Vitarnin D metabolism. Serum levels of fibroblast growth factor-23 are elevated in response to increased serum phosphate 


and also inhibit the production of parathormone 


lumisterol-3 and tachysterol-3, and vitamin D, photo- 
isomerizes to suprasterol and inert products. 


Vitamin D Requirements 


The daily requirement of vitamin D is 10 pg (400 IU) per 
day in infants and 15 pg (600 IU) per day in children 
>1 year age. When endogenous production is inadequate, 
vitamin D needs to be supplied through dietary supplemen- 
tation. 

The risk factors that predispose to vitamin D deficiency 
include limited exposure to sunlight, full body clothing, 
dark skin, debilitation, living at high latitudes, disability 
and predominant indoor living. 

Breast milk is a poor source of vitamin D containing 
only 30-40 IU per liter and exclusively breastfed infants 
are at high risk of developing vitamin D deficiency and 
rickets unless supplemented. Therefore, exclusively 
breastfed babies should receive 400 IU of supplemental 
vitamin D per day. Formula milk has 400 IU of vitamin D 
per litre and children getting less than 1 litre formula per 
day also require supplementation. Pregnant and lactating 
mothers should receive 600 IU of vitamin D per day in 
order to meet their daily requirements. 


Rickets 


Rickets is a disease of growing bone. It is derived from 
the word ‘wrickets' meaning 'twisted' referring to the 
characteristic bony deformities or ‘bow legs’ of rickets. The 
most common cause of rickets is a nutritional deficiency 
of vitamin D and less commonly, a dietary deficiency of 
calcium or phosphorus. 


Pathophysiology: Vitamin D deficiency leads to 


hypocalcemia which stimulates the parathyroid gland to 


secrete parathormone (PTH). Increased PTH levels 


stimulate osteoclastic activity of bone and help restore the 
blood calcium levels to normal. However, PTH leads a 
concomitant loss of phosphate from the kidney leading to 
low serum phosphate levels. 

Under normal conditions of growth, the cartilaginous 
growth plate undergoes mineralization by enchondral 
calcification. In this process, the chondrocytes 


hypertrophy and then undergo apoptosis followed by . 


mineralization. Adequate amount of phosphate is essential 
for the apoptosis of the chondrocytes. In the absence of 
adequate phosphate, the chondrocytes continue to 
hypertrophy and this leads to the characteristic swellings 


at the growth plates. Mineralization of the bone is also” 
decreased leading to osteomalacia and bending of weight . 


bearing bones. 


| Osteomalacia is a term used for decreased mineraliza 
tion of the bony matrix and is seen both in children and 


adults, whereas rickets is i 
, 3 a disease nes. 
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administration of vitamin D, recent reports suggest that 
it is becoming increasingly common in exclusively 
breastfed infants particularly those who not get vitamin 
supplements. Apart from poor dietary intake and 
insufficient exposure to sunlight, vitamin D deficiency 
may result from various malabsorption syndromes, 
chronic liver disease and use of anticonvulsant drugs. 
Anticonvulsant drugs and antitubercular drugs (isoniazid, 
rifampicin) induce hepatic cytochrome P450 oxidase that 
ieads to conversion of 250HD, into its inactive metabolites. 

As mentioned, nutritional rickets may also occur 
secondary to severe dietary deficiency of calcium that can 
occur with or without concomitant vitamin D deficiency. 
Dietary deficiency of phosphate is rare due to the 
widespread availability of phosphate in the diet but may 
occur in preterm babies who have high phosphate 
requirements for growth. 


_linical features: The classical features of rickets include 
swellings of the wrist and ankles and leg deformities in 
the form of bow-legs (genu varum) or knock-knees (genu 
valgum) (Fig. 8.4). From head to toe, the following signs 
may be seen: Frontal bossing, delayed closure of anterior 
fontanelle, craniotabes (soft skull bones), delayed dentition 
and beaded appearance of the anterior costochondral 
junctions (rachitic rosary). A depression (termed Harrison 
sulcus) may be evident along the lower border of the chest 
at the site of insertion of the diaphragm which appears 
due to the pull of the diaphragm on the weakened chest 
wall. Apart from this, other features of rickets include 
hypocalcemic seizures, muscle weakness, hypotonia, 
failure to thrive and irritability (due to bony pains). There 





Fig. 8.4: A 5-year-old child with rickets with mild frontal bossing, 


Wide wrists and bow legs 
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is an increased risk of fracture even with minimal trauma. 
Pelvic deformities can develop including outlet narrowing 
which can be troublesome for females at a later age by 
increasing the risk of obstructed labor. 


Evaluation: The initial evaluation of rickets includes 
serum biochemistry and radiographs of the wrists and/ 
or knee joints. Serum levels of calcium may be normal or 
low, serum phosphate will be low and alkaline phosphatase 
high. Radiologic changes are characteristically seen at the 
metaphysis. The first change is loss of normal zone of 
provisional calcification adjacent to the metaphysis seen 
as a blurring or a frayed appearance of the metaphyseal 
margin (fraying). Cartilage hypertrophy leads to widening 
of the growth plate giving the appearance of cupping and 
widening of metaphyseal ends (splaying) (Fig. 8.5). 
Weight-bearing and stress on uncalcified bone gives rise 
to bowing of limbs. Eventually, a generalized reduction 
in bone density is seen (osteopenia). 

The diagnosis of vitamin D deficiency is based on low 
circulating levels of 250HD). Values above 20 ng/mL are 
considered normal, between 10 and 20 ng/mL are 
insufficient and below 10 ng/mL are indicative of 
deficiency (Table 8.2). 


Management: Treatment of nutritional rickets requires 
administration of high doses of vitamin D, Previously, oral 
bolus doses of vitamin D (also called Stoss therapy) were 
preferred which consisted of 60,000 IU of vitamin D daily 
or on alternate days to reach a maximum total dose of 
6,00,000 IU. There is now consensus to use lower daily 
doses of 2000 IU, 3000-6000 IU, and 6000 IU for infants 
below 12 months, 1-12 years and more than 12 years, 





Fig. 8.5: Radiograph of wrist in 4-year-old boy with rickets. Note 
widening, cupping and fraying at the metaphyseal ends of 
forearm bones 
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Table 8.2: Vitamin D levels in serum 
25-hydroxyvitamin D level (ng/mL) 


Deficient Less than 10 
Insufficient 10-20 

Optimal 20-60 

High 60-90 

Toxic Greater than 90 


respectively, for a duration of 12 weeks, followed by a 
maintenance dose of 400-600 IU/day (Table 8.3). Higher 
doses can be given as oral bolus dose (Stoss therapy) in 
patients with suspected noncompliance to daily therapy. 
Oral calcium supplements (30-75 mg/kg/day) should be 
given to all patients for 2 months. Following adequate 
therapy, most patients with vitamin D deficiency rickets 
show radiological evidence of healing (Fig. 8.6) within 
4 weeks. Reduction in blood levels of alkaline phosphatase 
and resolution of clinical signs occur slowly. The X-ray 
and blood biochemistry should be rechecked after 
completion of therapy. If radiologic healing cannot be 
demonstrated, despite adequate therapy, patients should 
be evaluated for refractory rickets (Fig. 8.7). 


Prevention: For prevention of rickets, all infants from birth 
to 12 months of age should get 400 IU/day, independently 
of their mode of feeding. Beyond 12 months of age, all 
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Fig. 8.7: Biochemical evaluation of a child with refractory rickets 








Hypervitaminosis D 
Excessive vitamin D due to over-dosage can result in 

hypervitaminosis D (serum levels >100 ng/mL). This can 
result in hypercalcemia and hypercalciuria increasing the 
risk of renal stones. Other manifestations of hypercalcemia 
include anorexia, vomiting, hypertension, renal 
insufficiency and failure to thrive. Such an “epidemic of 


children and adults need to meet their nutritional 
requirement for vitamin D through diet and/or 
supplementation, which is at least 600 IU/day (15 ug). 


hypercalcemia” was reported in England in the 1950s due 
to high dose vitamin D supplementation (between 2,000 
and 3,000 IU/day) given for several months. 


iy Refractory Rickets 
Rickets that does not respond to the usual treatment of 
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vitamin D therapy. It can be broadly classified into two 
categories: Defects in vitamin D metabolism and low 
phosphate disorders. Figure 8.7 outlines the approach to 


’ 
A, a case of refractory rickets. 
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“~~ > -~ * Table 8.3: Treatment doses of vitamin D for nutritional rickets. 


Daily dose for 90 days, IU Single dose, IU Maintenance daily dose, IU 


Age 

3 months 2,000 NA 400 
3-12 months 2,000 50,000 400 
>12 months to 12 years 3,000-6,000 150,000 600 
>12 years 6,000 300,000 . 600 


Munns CF, Shaw N, Kiely M, Specker BL, Thacher TD, et al. Global consensus recommendations on Prevention and management of nutritional eh 


rickets. J Clin Endocrinol Metab 2016;101(2):394-415. 
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VDDR type I: This condition is characterized by a 
deficiency of the enzyme, 25-hydroxyvitamin D 1a- 
hydroxylase. Reduced blood levels of calcium, normal to 
low phosphate and elevated alkaline phosphatase are 
characteristics. Blood levels of 25(OH)D, are normal but 
those of 1,25(OH);D,; are markedly decreased despite 
hypocalcemia. 

The clinical features are similar to vitamin D deficiency 
rickets and include hypotonia, growth failure, motor 
retardation (poor head control, delayed standing and 
walking), convulsions due to hypocalcemia, anemia and 
occasionally respiratory difficulty. Physical examination 
shows thickening of wrists and ankles, frontal bossing, 
widely open anterior fontanelle, rickety rosary, bony 
deformities and positive Trousseau and Chvostek signs. 
Dentition is delayed and development of tooth enamel 
impaired. 

The treatment of VDDR type I consists of physiological 
doses of alpha-calcidiol or calcitriol (0.25 pg daily). Most 
subjects require concomitant treatment with calcium with 
or without phosphate supplements. With appropriate 
therapy, the serum calcium levels rise and radiological 
healing occurs within 6 to 8 weeks. 


VDDR type II: The features are similar to VDDR type I. 
There is end organ resistance to 1,25(OH),D,. This leads 
to virtual abolition of actions of 1,25(OH),D;, despite its 
markedly raised levels in circulation (secondary to 
hypocalcemia and low 24-hydroxylase activity). 

Early onset of rickets, a high prevalence of alopecia and 
ectodermal defects (oligodontia, milia and epidermal 
cysts) are characteristic. Hypocalcemia, secondary 
hyperparathyroidism, elevated circulating levels of 1, 
25(OH),D, and an absence or decreased response to 
vitamin D analogs are seen. The response to treatment in 
patients with VDDR type II is not satisfactory. An 
occasional patient may get clinical and biochemical 
improvement and radiological healing following long- 
term administration of large amounts of intravenous or 
oral calcium. 


Familial Hypophosphatemic Rickets 


Normal level of serum phosphate is essential for 
mineralization of the growth cartilage. Some inherited 
clinical disorders lead to excessive loss of phosphate in 
the urine with very low serum phosphate levels and can 
Present as refractory rickets. The most common inheritance 
Pattern of these familial hypophosphatemic disorders is 
an X-linked dominant form with variable penetrance. 
Rarely, an autosomal recessive inheritance or sporadic 
forms can also occur. 


Pathogenesis: The gene for X-linked hypophosphatemic 
tickets is termed the PHEX gene (phosphate regulating 
ee with homology to an endopeptidases on the X 
‘itomosome) which produces an endopeptidase. This 
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enzyme is responsible for the breakdown of FGF-23 and 
enzyme deficiency leads to high FGF-23 levels and 
excessive renal loss of phosphate. FGF-23 also decreases 
the activity of renal 1a-hydroxylase. Therefore, the blood 
levels of 1,25(OH),D, are low despite hypophosphatemia 
(which normally activates 10-hydroxylase activity). 


Clinical features: Lower limb deformities, such as coxa 
vara, genu valgum, genu varum and short stature, are 
common in hypophosphatemic rickets. Abnormalities of 
maxillofacial region and premature fusion of cranial 
sutures may lead to deformities of skull. Dental 
abnormalities are commonly seen including pulp 
deformities with intraglobular dentin, and frequent dental 
abscesses. Symptoms of hypocalcemia including tetany 
and muscle weakness, which are generally seen in 
disorders of vitamin D metabolism, are absent in 
hypophosphatemic forms. The mother of affected 
patient(s) may have bowing of legs and short stature or 
fasting hypophosphatemia. 


Evaluation; The level of serum calcium is normal or 
slightly low (9-9.5 mg/dL), that of phosphate decreased 
(1.5-3 mg/dL). Serum alkaline phosphatase level is raised. 
PTH levels are normal. Blood levels of 1,25(OH),D; are 
inappropriately low for the level of serum phosphate. 
Urinary phosphate excretion is increased with decreased 
tubular reabsorption of phosphate. 


Management: Oral phosphate and vitamin D supplements 
are the mainstay of therapy. Phosphates are provided ata 
dosage of 30-50 mg/kg (total 1-3 g elemental phosphorus) 
divided into 5 to 6 equal parts and can be given in the 
form of Joulie solution or as neutral phosphate effervescent 
tablets. Joulie’s solution contains 30.4 mg of phosphate/ 
mL. Diarrhea is a frequent problem with higher doses. 
Vitamin D supplementation is necessary for the healing 
of rickets. Treatment is started with alpha-calcidiol at a 
dose of 25-50 ng/kg/day (maximum 2 pg/day) until there 
is biochemical and radiological evidence of healing of 
rickets. Periodic monitoring of serum and urine levels of 
calcium and phosphate is essential. A level of serum 
phosphate greater than 3.0 to 3.2 mg/dL is desirable. 


Other Causes of Rickets 


Chronic kidney disease: Patients with chronic kidney 
disease have low 1,25(OH),D, levels due to poor 
la-hydroxylase activity in the kidney. Rickets may 
occasionally be the presenting manifestation of patients 
with tubulointerstitial disease. Serum levels of calcium 
are low and those of urea, creatinine, and PTH are 
increased. In contrast to other causes of vitamin D 
deficiency, serum phosphate levels are high, Therapy 
consists of restricting phosphate intake and providing 
supplements of calcium and active vitamin D analogs. 


Renal tubular acidosis: Proximal or distal renal tubular 
acidosis (RTA) are important causes of refractory rickets 
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in children. The conditions are characterized by 
hyperchloremic (normal anion gap) metabolic acidosis 
with normal blood levels of urea and creatinine. Patients 
with proximal RTA have a generalized urinary loss of 
bicarbonate, phosphate, glucose and amino acids from the 
proximal tubules. The use of bicarbonate and phosphate 
21 ggeaaaiaaa (in proximal RTA) results in healing of 
rickets. 


Oncogenous rickets; Benign mesenchymal tumors may 
secrete fibroblast growth factor-23 (FGF-23) that results 
in phosphaturia, hypophosphatemia and refractory 
rickets. Removal of the tumor reverses the biochemical 
abnormalities and heals the rickets. 


Metaphyseal dysplasia: It is a type of skeletal dysplasia 
with bony deformities and radiological findings that 
mimic rickets. Short stature with bowing of legs and 
waddling gait are prominent. The classic biochemical 
findings are characteristically absent. Hypercalcemia has 
occasionally been reported in Jansen metaphyseal 
chondrodysplasia. 


Fluorosis: Endemic fluorosis might present with bony 
deformities and radiological features mimicking rickets 
in school-going children. Pain in limbs and spine, mottling 
of teeth and family history of a similar illness are important 
features. Osteosclerosis and calcification of ligaments may 
be found in older children and adults; levels of alkaline 
phosphatase and PTH are raised. Levels of fluoride are 
increased in the community drinking water source. 


Vitamin E 


Vitamin E belongs to a group of compounds called 
tocopherols that are naturally occurring membrane 
antioxidants. Tocopherols prevent polyunsaturated fatty 
acids (PUFAs) from getting oxidized by oxygen-free 
radicals. The absorption of vitamin E in the gut is enhanced 
by simultaneous digestion and absorption of dietary lipids 
and medium chain triglycerides. Bile and pancreatic juices 
enhance absorption of vitamin E, which is incorporated 
into chylomicrons and delivered to the liver. From the 
liver, it is secreted with low density lipoproteins (LDL) 
and delivered to peripheral tissues. Red blood cells, which 
contain about 20% of vitamin E in plasma in their 
membranes, also participate in transport. 


Nutritional requirements: Vitamin E requirement of 
normal infants is approximately 0.4 pg/kg body weight/ 
day. For premature infants, 15 to 20 pg/day is required. 
The RDA for infants increases from 3 to 6 mg tocopherol 
from birth to 2 years of age. One mg of tocopherol provides 
1.5 IU activity of vitamin E. 


Sources; The common sources of vitamin E are vegetable 
oils (corn, cottonseed, safflower) and margarine. Other 
sources include leafy vegetables, nuts, milk and eggs; 
breast milk and colostrum are also rich sources. 
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by low levels of vitamin E. Administration of iron 
exacerbates hemolysis, unless vitamin E is also 
administered. Parenteral therapy with vitamin E corrects 
hemolysis. 

Older children and adolescents with fat malabsorption, 
cholestatic liver disease or short bowel syndrome are 
prone to vitamin E deficiency. Abetalipoproteinemia, 
caused by the genetic absence of apolipoprotein B, is 
associated with fat malabsorption, steatorrhea, and 
undetectable plasma levels of vitamin E. Children with 
abetalipoproteinemia present with progressive neuropathy 
and pigmented retinopathy in the first two decades of life. 
Other manifestations include spinocerebellar ataxia with 
loss of deep tendon reflexes, loss of vibration and position 
sense, ophthalmoplegia, muscle weakness, ptosis and 
dysarthria. 

Most malabsorption syndromes respond to large doses 
of oral vitamin E (15-20 mg/kg/day) with amelioration - 
of deficiency and improvement in neurological symptoms. 


Hypervitaminosis E 


Relatively large amounts of vitamin E, in range of 400 to 
800 mg tocopherol, have been taken daily by adults for 
months to years without causing any apparent harm. 
Occasionally, muscle weakness, fatigue, nausea and 
diarrhea are reported in persons ingesting 800-3200 mg/ 
day. Vitamin E intoxication, at dosages exceeding 1,000 


mg/ day, results in antagonism to vitamin K action and 
risk of bleeding, 
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Physiological function: The main role of vitamin K is as a 
cofactor in post-translational carboxylation of glutamic 
acid to form y-carboxyglutamates in the liver. Factors Il 
(prothrombin), VII, IX and X are vitamin K-dependent 
coagulation factors. The function of these proteins is to 
facilitate the chelation of calcium ions to glutamate and 
platelet phosphatide, which is essential for the coagulation 
cascade to operate. 


Nutritional requirements: Vitamin K requirements are met 
by combination of dietary intake and microbiological 
biosynthesis in the intestines. Vitamin K requirement of 
newborns is 3 to 5 pg/day, that increases to 10 pg/day at 
2 years and 10 to 30 pg/day in older children. 

Newborn babies, especially preterm babies, are 
particularly prone to vitamin K deficiency due to a 
combination of factors; vitamin K does not cross the 
placenta and they do not have adequate intestinal bacterial 
flora to synthesize it endogenously. Moreover, breast milk 
is a poor source of vitamin K containing only 2 pg/L 
phylloquinone. Hence, newborns need to be supplemented 
with vitamin K to prevent manifestations of deficiency 
including hemorrhage. 


Sources: Green leafy vegetables and liver are rich dietary 
sources of vitamin K. Endogenous synthesis by intestinal 
flora is usually sufficient to meet daily requirements. 


Vitamin K Deficiency 


Vitamin K deficiency can occur in patients on chronic 
antibiotics due to the elimination of intestinal bacterial 
flora. Malabsorption syndromes such as biliary obstruction, 
cystic fibrosis, short bowel syndrome and celiac disease 
are other causes of deficiency. 

Hemorrhagic disease of the newborn is a syndrome of 
severe systemic bleeding and ecchymoses appearing in 
the first week of life, predominating in breastfed infants. 
Bleeding can occur from various sites including gastro- 
intestinal tract, nasal, umbilical stump or intracranial. 
Prothrombin and partial thromboplastin time are 
prolonged with normal platelet counts. Maternal use of 
drugs such as primidone, warfarin and phenytoin that 
antagonize the action of vitamin K can also cause severe 
hemorrhage in the baby. Routine administration of 
prophylactic vitamin K is recommended at birth to all 
healthy newborns at a dose of 0.5-1.0 mg intramuscularly 
to prevent hemorrhagic disease. 


WATER-SOLUBLE VITAMINS 


Unlike fat-soluble vitamins, water-soluble vitamins are not 
stored in the body (except vitamin B,,) and their deficiency 
can develop in a short period of time on deficient diets. 
Also, toxicity is very rare even in very high doses. They 
mostly act as co-enzymes in various intracellular metabolic 
reactions. Table 8.4 outlines the function, sources and 
clinical features of deficiency of essential B vitamins. 


Thlamine (Vitamin By) 


Biologic action: Thiamine is essential for glucose 
metabolism and cellular energy generation. Thiamine 
pyrophosphate, the active form of thiamine, is an 
important cofactor in the citric acid cycle that is active in 
the heart and brain. The vitamin is also involved in nucleic 
acid and fatty acid synthesis. 


Requirements: Recommended daily allowance is 0.4 mg/ 
1000 Cal of carbohydrate intake. 


Dietary sources: These include human milk, cow milk, 
unpolished grains, eggs, organ meats (liver, kidney) 
and legumes. Thiamine is sensitive to heat, sulfites, 
pasteurization and sterilization. 


Deficiency: Thiamine deficiency results in beriberi that 
affects people who consume diets based on polished rice, 
when the intake is below 1 mg/day. Three forms of 
beriberi are described: Dry, wet and infantile. Dry beriberi 
manifests as a peripheral neuritis with irritability, 
paralysis of lower limbs, loss of deep tendon jerks, muscle 
wasting and loss of position sense. Wet beriberi is 
characterized by congestive heart failure and peripheral 
edema. Infantile beriberi has a more subtle onset occurring 
in breastfed infants of thiamine-deficient mothers (who 
may not have signs of beriberi), or with very low thiamine 
intake. The clinical picture is dominated by cardiomegaly, 
cyanosis, dyspnea and aphonia. The disease may result 


in death after a few weeks, in the infantile form. Wernicke 


encephalopathy may occur in thiamine deficient infants 
and children and consists of a triad of mental confusion, 
ocular abnormalities (ophthalmoplegia and nystagmus), 
and ataxia. Hemorrhagic lesions may be seen in the 
thalamus and periventricular gray matter. 


Diagnosis: Thiamine deficiency may be suspected in all 
cases of malnutrition. The diagnosis is confirmed by 
measurement of 24 hours urinary thiamine excretion, 
which in children is 40-100 g/day; values below 15 pg/ 
day are deficient. Diagnosis of deficiency can also be based 
on the response of red cell transketolase to the addition of 
thiamine in vitro. Erythrocytes from deficient persons have 
a greater response to addition of thiamine pyrophosphate 
than normal controls. An increase in transketolase activity 
of less than 15% is normal, 15-25% mild deficiency and 
over 25% severely deficient. Serum lactate and pyruvate 
levels may be raised. 


Treatment: Treatment with thiamine leads to resolution 
of neurologic and cardiac symptoms within 2448 hours. 
Treatment of patients with mild beriberi with thiamine 
(5 mg/day) is satisfactory. Severely ill children should 
receive 10 mg intravenously twice daily. In management 
of fulminant heart disease, higher doses of thiamine with 
treatment of congestive heart failure are necessary. 
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Table 8.4: Essential B vitamins: Function, sources, deficiencies and at-risk 
Daily requirement 


Vitamin Function Sources 
B, (Thiamine) Oxidative Human milk, 
decarboxylation cow milk, 


of pyruvate unpolished grains, 


Eggs, Organ meats 
(liver, kidney), 
legumes 
B, (Riboflavin) Part of Meat, milk, eggs, 
flavoproteins cereals and 
FMN, FAD vegetables 


Forms cofactors 
NAD, NADP 


B, (Niacin) Milk, eggs, cereals 


and leafy vegetables 


B, (Pyridoxine) Synthesis of Yeast, sunflower 


amino acids, seeds, wheat germ, 
myelin, unpolished rice/ 
neurotransmitters, cereals, soya beans, 
hemoglobin walnuts 


Dairy products, eggs 
and meat 


Regeneration of 
folate, metabolism 
of amino acids 
and myelin 


B,>2 (Cobalamin) 


Leafy vegetables, 
fruits, fortified cereal 
products, sunflower 
seeds 


DNA synthesis, 
cell growth 


Folate 


FAD: Flavin adenine dinucleotide, FMN: Flavin mononucleotide, mo: Months, NAD: Nicotinamide adenine dinucleotide, NADP: NAD phosphate . 


Riboflavin (Vitamin Bz) 

Riboflavin is a constituent of two coenzymes involved in 
oxidation-reduction reactions of cellular respiration: 
Flavin adenine dinucleotide (FAD) and flavin 
mononucleotide (FMN). A number of redox enzymes, 
including glutathione reductase and xanthine oxidase, 


require flavin coenzymes. 


Riboflavin requirements: The recommended daily intake 
is 0.4 mg/1000 Cal for infants and 0.8-1.2 mg/1000 Cal 


for children. 


Dietary sources: Meat, milk, eggs, cereals and vegetables 
(broccoli, spinach and asparagus) are good sources. 
Riboflavin is resistant to oxidation and to heat and is not 
destroyed by pasteurization. Human milk contains 40- 
70 pg/100 Cal of riboflavin and cow milk 250 yg /100 Cal. 
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<6 mo: 0.2 mg 
6-12 mo: 0.3 mg 
1-3 yr: 0.5 mg 
4-8 yr: 0.6 mg 
9-13 yr: 0.9 mg 
>14 yr: 1.2 mg 
<1 yr: 0.3 mg 
1-3 yr: 0.5 mg 
4-8 yr: 0.6 mg 
9-13 yr: 0.9 mg 
>14 yr: 1.2 mg 
<1 yr: 2-4 mg 
1-3 yr: 6 mg 
4-8 yr:8 mg 
9-13 yr: 12 mg 
>13 yr: 16 mg 
<6 mo: 0.1 mg 
6-12 mo: 0.3 mg 
1-3 yr: 0.5 mg 
4-8 yr: 0.6 mg 
9-13 yr: 1 mg 
>13 yr: 1.3 mg 
<6 mo: 0.4 ug 
6-12 mo: 0.5 ug 
1-3 yr: 0.9 ug 
4-8 yr: 1.2 1g 
9-13 yr: 1.8 pg 
>13 yr: 2.4 ug 
<6 mo: 65 pg 
6-12 mo: 80 ug 
1-3 yr: 150 ug 
4-8 yr: 200 ug 
9-13 yr: 300 yg 
>13 yr: 100 ug 


Deficiency: Riboflavin deficiency occurs from inadequate | 
intake or malabsorption. It takes 1-2 months to develop 
and is associated with other deficiencies. 

Features include photophobia, glossitis, cheilosis, - 
angular stomatitis, seborrheic dermatitis (especially 
around the nasolabial folds) and corneal vascularization. 


Diagnosis of deficiency: Diagnosis should be considered 
with a history of dietary deficiency and clinical 
manifestations. A reliable indicator of riboflavin status 1S 
the daily losses of the vitamin; urinary excretion of less. 

than 10% of intake over 24 hours is indicative of deficiency: — 
Activity of glutathione reductase in erythrocytes gives 4 
functional index of flavin coenzyme activity: salen 


groups 


Deficiency 
Beriberi: peripheral 
neuritis, irritability, 
paralysis, congestive 
heart failure 
Wernicke 
encephalopathy 
Photophobia, glossitis, 
cheilosis, angular 
stomatitis, seborrheic 
dermatitis, corneal 
vascularization 


Pellagra 


Peripheral 
neuropathy, 
refractory seizures, 
dermatitis, 
microcytic anemia 


Subacute combined 

degeneration of cord, 
peripheral neuropathy, 
megaloblastic anemia 


Megaloblastic anemia 


induced increase of 20% above the 


deficiency. 


basal level indicates — 






At-risk groups : 
Groups with diets - 
based on polisheq | 
rice, alcoholics 


Malabsorption states 
deficient diets 


4 
‘ 


1 oe 
Groups on predomi- . 
nant maize-based 
diet 


Malabsorption states, 
isoniazid use 


Intrinsic factor 
deficiency, ileal 
resection, vegan diets 
exclusively breastfed 
infants of vegan 
mothers 


Preterm babies, 
pregnancy, 
malabsorption states, 
hemolytic anemia, 
anticonvulsant 
therapy 


‘* 


ae 
3 
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Treatment: Children are treated with 3-10 mg of oral 
riboflavin daily for several weeks; infants respond to 
1 mg daily. Therapeutic doses of vitamin help in 
improving corneal lesions rapidly. 


Niacin (Vitamin B,) 


Nicotinic acid and nicotinamide, biologically equivalent 
vitamins, are both referred to as niacin. This vitamin can 
be synthesized in the body from tryptophan, however, 
the conversion ratio is 60:1, requiring large amounts of 
tryptophan to meet niacin needs. 


sources: Milk, eggs, cereals and leafy vegetables are good 
sources of typtophan. Deficiency occurs in areas where 
maize is the staple food as the niacin in maize is present 
in bound form and not easily absorbed. The vitamin is 
resistant to heating. Human milk contains 30 mg/100 cal 
of niacin compared with 0.12 mg/100 cal in cow milk. 


Niacin requirements: Requirements are expressed in terms 
of niacin equivalents (NE). One NE equals 1 mg of niacin 
or 60 mg of tryptophan. RDA for niacin is related to dietary 
energy intake; the recommended intake is 6.4 to 8 NE/ 
1000 cal, human milk provides about 8 NE/1000 cal. 


Niacin deficiency: Niacin deficiency leads to pellagra 
which is characterized by three Ds: dermatitis, diarrhea 
and dementia. The cutaneous lesions consist of a 
symmetrical pigmented rash in body parts exposed to 
sunlight especially the neck (Casal necklace). More acute 
cases may progress to vesiculation, ulceration and 
secondary infection. Neurologic symptoms include 
apathy, headache and loss of memory. In most chronic 
forms, posterolateral cord degeneration and peripheral 
nerve lesions are seen. 


Diagnosis of niacin deficiency: The diagnosis is suspected 
on history of inadequate diet, isoniazid treatment or 
chronic alcohol ingestion when typical manifestations are 
present. Determination of urinary excretion of N!- 
methylnicotinamide is most helpful; normal 24 hours 
excretion is between 4 and 6 mg, values below 3 mg 
indicate deficiency. In pellagra, these values are usually 
between 0.5 and 0.8 mg/day. 


Treatment of pellagra: The daily dose for treatment is 
about 10 times the recommended dietary intake (50-300 
mg/day). Parenteral therapy is considered when 
gastrointestinal absorption is deficient. Prevention of 
pellagra is achieved by an adequate protein diet containing 
tryptophan and niacin-rich foods. 


Pyridoxine (Vitamin B,) 


Rich sources of vitamin B, include yeast, sunflower seeds, 
wheat germ, unpolished rice/cereals, soya beans and 
walnuts. Primary dietary deficiency is rare but secondary 


deficiency can occur in malabsorption states and with 
drugs like isoniazid. 


Pyridoxine deficiency may cause peripheral neuro- 
pathy, refractory seizures, dermatitis and microcytic 
anemia, Pyridoxine is given 10-50 mg/day to patients on 
INH (isoniazid) to prevent peripheral neuropathy and 
other neurologic effects. For refractory seizure, 100 mg of 
pyridoxine is injected intramuscularly. 


Biotin 


Biotin deficiency has been observed in individuals who 
consume a large number of raw eggs (rich in avidin) for 
several months. The avidin is not hydrolyzed by gastro- 
intestinal enzymes; it binds biotin and prevents its 
absorption. Cooking of eggs destroys avidin. 

Clinical features of biotin deficiency include anorexia, 
vomiting, dry scaly dermatitis, glossitis and hyper- 
cholesterolemia. Long-term parenteral alimentation 
without biotin can also lead to deficiency in pediatric and 
adult patients. Multiple carboxylase deficiency is a genetic 
disorder affecting the activity of carboxylase synthetase. 
This condition responds to large doses of biotin. Another 
genetic defect affects the activity of biotinidase, an enzyme 
involved in the recycling of biotin. 

Dietary sources of biotin include liver, egg yolk, milk, 
yeast extracts and meat. Recommendations are 0.15 mg 
biotin in the multivitamin supplements for infants and 
children. For treatment of biotin deficiency, oral 
administration of 2-5 mg daily for 2 to 3 weeks is 
recommended for mild cases. A parenteral biotin dose of 
200 pg daily for 2 to 5 days is used in severe cases. 


Pantothenic Acid 


Pantothenic acid (vitamin B,) is present in virtually all 
naturally occurring foods and is also synthesized by micro- 
organisms. Pantothenate is absorbed in the proximal small 
intestine; in the liver, it becomes a part of coenzyme A, 
which is essential for metabolism of fatty acid, proteins 
and carbohydrates. Isolated pantothenate deficiency is 
rare and includes burning feet, insomnia and 
gastrointestinal symptoms. The suggested daily intake is 
2-3 mg for infants and 3—5 mg for children. 


Cobalamin (Vitamin B,,) 


Cobalamin or vitamin B,, consists of three compounds: 
methylcobalamin, 5'-deoxyadenosyl cobalamin and 
cyanocobalamin. The first two are active forms of vitamin 
B,, in the body while cyanocobalamin is most common 
commercially available preparation. 


Sources: Vitamin B,, is produced by intestinal micro- 
organisms in animals. Humans do not produce vitamin 
B,, and have to depend on animal sources including dairy 
products, eggs and meat. Organs such as liver, kidney, 
heart and muscle meat, clams and oysters are rich sources 
of vitamin B,). 


Absorption and metabolism: Vitamin B,, binds to intrinsic 
factor, a glycoprotein produced by the gastric parietal cells, 
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and the complex is absorbed by specific receptor-mediated 
process in the ileum. Absence of intrinsic factor results in 
an inability to absorb ingested vitamin B,. known as 
pernicious anemia. Passive diffusion accounts for a 
fraction of total absorption, but may be useful in the 
management of pernicious anemia with megadoses of the 
vitamin. Cobalamin undergoes enterohepatic recirculation; 
this process accounts for a long half-life of the vitamin. 
Vitamin B,, is transported in plasma bound to 
transcobalamin II. The average total body pool in an adult 
is enough to sustain daily vitamin B,, needs for several 
years. 


Requirements: The recommended intake of vitamin Bi 
for infants is 0.3 g/day, Older children should receive 
0.5-1.5 pg/day and adolescents 2.0 pg/ day. 


Deficiency: Vitamin B,, deficiency can occur in patients 
with impaired intestinal absorption due to defects in 
- intrinsic factor, or distal ileal disease. True dietary vitamin 
B,, deficiency occurs in persons who follow vegan diets 
containing no animal or fish products. Content of vitamin 
B,, in breast milk is determined by maternal intake. Hence, 
exclusively breastfed infants of strict vegan mothers can 
become vitamin B,, deficient over a period of time 
especially if weaning is not initiated at an appropriate age. 

Vitamin B,, status is assessed by measurement of serum 
cobalamin levels, with values below 150 pg/mL indicative 
of negative vitamin B,, balance. Plasma levels of 
methylmalonic acid and homocysteine are increased 
because of block in vitamin B,,-dependent steps of 
metabolism. 

Characteristic features of vitamin B,, deficiency include 
progressive demyelination, which begins in peripheral 
nerves and progresses to involve the posterior and lateral 
columns of the spinal cord and central nervous system 
(subacute combined degeneration). These lesions are 
possibly due to a generalized methyl group deficiency in 
the nervous system and faulty myelin production. 
Secondary folate deficiency results in megaloblastic 
anemia, neutrophil hypersegmentation and thrombo- 
cytopenia. 


Diagnosis of deficiency: The anemia is macrocytic and 
nucleated RBC showing megaloblastic morphology may 
be seen in blood. Levels of red cell folate are low; serum 
LDH levels are elevated. 


Treatment: Deficiency is treated with parenteral adminis- 
trations of vitamin B,, (1 mg). Reticulocytosis is seen 
within 2-4 days. Patients with neurologic involvement 
require daily therapy for 2 weeks. 


Folic Acid (Pteroyimonoglutamic Acid) 


Folic acid is the parent compound of a group of naturally 
occurring, structurally related compounds known as the 
folates. Folic acid is essential for normal growth and 
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Ils, since it acts as a coenzym 

Leppeeyreny synthesis. Leafy vegetables Such Z 

D ah turnip greens, lettuces, dried oo and Peas 

fortified cereal products, sunflower seeds and certain 

fruits and vegetables are rich sources. ) 
ily allowance of f f 

The recommended daily oli 

25 pg in infancy to 200 pg by adolescence 


bsorbed in the small intestine 


Deficiency can occur in ambi’ Beary sate: such as 
chronic gastrointestinal infections, short owe Wee iene 
and celiac disease. Preterm babies are at risk of folate 
deficiency due to increased tissue demands and lack of 
adequate stores as maternal transfer occurs in the last 
trimester of pregnancy. Children with hemolytic anemia 
have high folate requirements due to increased 
erythropoiesis predisposing them to deficiency, 
Anticonvulsant drugs increase the catabolism of folate 
leading to secondary deficiency. es 

Deficiency of folate impairs DNA synthesis, limits cell 
division and affects normal growth and repair of tissues, 
The tissues that have the fastest rate of cell replacement 
are affected first. Erythropoiesis is hindered, resulting in 
megaloblastic anemia. 

Maternal deficiency of folate, during pregnancy, is 
implicated in neural tube defects. Periconceptional folate 
supplements, begun 1 month before conception and 
continued for 3 months after, is recommended to reduce 
the risk. 

In patients with megaloblastic anemia, it is imperative 
to exclude and treat vitamin B,, deficiency before treating 
with folate. Otherwise the neurological signs of vitamin 
B,, deficiency may develop and progress irreversibly. 
Deficiency is corrected using folic acid at a dose of 0.5-1 
mg/day orally for 3-4 weeks, 


Requirements: 
acid varies from 


Deficiency: Folate is a 


Vitamin C 


Vitamin C (L-ascorbic acid or ascorbate) plays many | 
important roles in the body; it is needed for formation of © 
protocollagen and maintenance of normal connective 
tissue, wound healing and bone (osteoid) formation. - 
Vitamin C is a reducing agent required for oxidation- 
reduction reactions including the hydroxylation of lysine 
and proline. Additionally, it reduces ferric to ferrous state .. 
and helps in iron absorption in the gut. Due to its . 


antioxidant properties, it stabi]; 
: 4 ilizes an ther 
compounds, including vitami Mmnber.Ob0 


unlike other animals, lac 


Sources: Rich sources of vit 
fruits (oranges, grapefruit, 
vegetables (cabbage, caulif] 
Much of the vitamin is lost 
stable in canned and froze 


amin C include fresh citrus = 
lime and gooseberry) and © 
OWer, spinach, cucumber): 
“i Cooking and storage, but is — 
N foods. Human milk is rich 
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source of vitamin C containing 5 to 15 mg/100 cal and 
cow milk 0.2-2.0 mg/100 cal. Daily requirements are 
30-40 mg for infants and 40-70 mg for children. 


Absorption and metabolism; Ascorbic acid is absorbed 
by an active, sodium-dependent process in the upper small 
intestine. The vitamin circulates in plasma in its free, 
anionic form, reaching high concentrations in adrenal and 
pituitary glands and in leukocytes. Vitamin C appears 
unchanged in the urine when renal threshold is exceeded. 


Deficiency: Children at risk for scurvy include those who 
are fed boiled or evaporated milk and those with severe 
dietary restrictions with lack of citrus fruits and fresh 
vegetables. 

Early features include irritability, anorexia, anemia and 
appearance of petechiae due to increased capillary 
fragility. Gingival swelling, bleeding gums, generalized 
tenderness of the limbs (due to subperiosteal bleed), 
painful joint swellings (hemarthrosis), and peripheral 
edema are seen. The child may present with inability to 
move limbs (pseudoparalysis) due to pain and assume a 
frog-like posture, with semiflexion at hips and knees. 
Characteristic angular swellings at the costochondral 
junction, Known as scorbutic rosary, with depression of 
the sternum are often apparent. Scurvy can result in 
cerebral hemorrhage or hemopericardium and is 
potentially fatal, if left untreated. 


Diagnosis of scurvy: The diagnosis is made by presence 
of characteristic physical findings and history of 
inadequate dietary intake of vitamin C. X-rays of long 
bones show a ground glass appearance with thinning of 
cortex (pencil thin cortex). An irregular thickened white 
line appears at the metaphysis (white line of Frankel), 
representing the zone of well-calcified cartilage. There is 
a zone of rarefaction proximal to this line, which represents 
poorly formed trabeculae (Triimmerfeld zone). The lateral 
part of the rarefaction appears as a triangular defect called 
Pelken spurs. The epiphyses are surrounded by a thin 
white line (Wimberger ring sign) (Fig. 8.8). 


Therapy for scurvy: Therapy with 100-200 mg of vitamin C 
orally or parenterally prompts rapid improvement in 
symptoms and resolution of the radiological signs. Daily 
intake of 100 mL of orange juice or tomato pulp has the 
same effect. 


MINERALS 


Calcium 





Calcium is the most abundant mineral in the body and is 
located primarily (98%) in bone. Calcium is essential for 
the coagulation cascade, nerve conduction and muscle 
Stimulation. Intestinal absorption of calcium varies 
inversely with intake and is regulated by 1,25(0H)D;, 
which controls the synthesis of calcium-binding protein 
at the brush border. In the presence of vitamin D, calcium 





Fig. 8.8: X-ray of lower limbs showing features of scurvy: Pencil 
thin cortex, thickened white line at upper and lower tibia! 
metaphyses (thin arrows}, Pelken spurs (thick arrow). The tibial 
epiphyses is surrounded by a thin white line (Wimberger ting 
sign) (arrow heads) 


absorption can adapt to a wide range of dietary calcium 
intakes, varying from 10 to 80% of available calcium. 
Calcium absorption also depends on the interaction of 
calcium with other dietary constituents, including fiber, 
phytate, oxalate, fat and lactose. 

The main sources of calcium for infants are milk and 
dairy products, with smaller amounts derived from grains 
and fruits once solid foods are introduced. Children 
consuming strict vegetarian diets may develop calcium 
deficiency, either alone or in combination with vitamin D 
deficiency. Strict vegetarian diets may provide as little as 
250 mg of calcium per day and include generous amounts 
of substances that inhibit calcium absorption, such as fiber 
and phytates. Secondary calcium deficiency may develop 
in association with steatorrhea, chronic malabsorption 
syndromes, or intestinal or renal abnormalities of calcium 
metabolism. 

The recommended intake of calcium is 200 mg and 
260 mg/day for infants aged 0-6 and 6-12 months, 
respectively. Children aged 1 to 10 years require an intake 
of 500 to 800 mg/day. During the pubertal growth spurt, 
calcium requirements are as high as 1000 to 1200 mg/day. 
Pregnant and lactating women require 400 mg/day. 
Calcium deficiency may cause tetany characterized by 
muscle cramps, numbness and tingling in limbs. Rickets 
and osteoporosis may occur with chronic deficiency. 


Magnesium 


Magnesium is essential for reactions controlling 
carbohydrate metabolism, membrane transport and signal 
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transmission contributing to the action of more than 
300 enzymes. Over 80% of the total body magnesium is in 
bone and skeletal muscle. Rich sources of magnesium 
include legumes, nuts, bananas and whole grains, 
Magnesium is efficiently absorbed in the intestine and 
regulation of its balance depends on renal tubular 
reabsorption, Primary deficiency is common in children 
with protein energy malnutrition. Deficiency may also 
develop secondary to intestinal malabsorption, excessive 
gastrointestinal losses (fistulae or continuous suction) or 
renal losses (tubular disease or diuretics), Clinical 
manifestations of magnesium deficiency include 
irritability, tetany and hypo- or hyper-reflexia and cardiac 
arrhythmias in severe cases. Magnesium requirements in 
the first 6 months range between 40 and 50 mg/day; 
60 mg/day for 6-12 months and approximately 200 mg/ 
day for older children. 


TRACE ELEMENTS 


Eleven ‘major’ elements constitute 99% of human body 
weight: Hydrogen, carbon, nitrogen, oxygen, sodium, 
potassium, chlorine, calcium, phosphorus, sulfur and 
magnesium. In addition, the body is composed of 
numerous "trace" elements. The term trace elements 
comprise an increasing number of compounds with 
proven or putative essentiality for human nutrition. Each 
of these contributes less than 0.01% of total body weight. 
Their major functions are related to enzyme systems where 
they act either as cofactor for metal-ion-activated enzymes 
or as specific constituents of metallo-enzymes. 








Zinc 


Functions: Zinc is the second most common trace element 
in the body after iron. It is an essential micronutrient with 
diverse but critical physiological role being part of more 
than 200 enzymatic reactions. As a component of zinc 
finger proteins, zinc regulates gene transcription and 
participates in nucleic acid metabolism, protein synthesis 
and thereby, cellular growth. Zinc is a major antioxidant 
being part of the enzyme superoxide dismutase. 


Dietary sources: Zinc is derived mainly from animal 
protein. Liver, oyster, meat, fish, nuts and eggs are a rich 
source. Diets based on cereals/starch, plants and legumes 
are associated with zinc deficiency, due to the presence of 
dietary phytic acid that decreases the bioavailability of zinc. 


Absorption and metabolism: Zinc is absorbed throughout 
the small intestine by a process of facilitated diffusion. In 
the systemic circulation, the major fraction of plasma zinc 
is loosely bound to albumin. Almost 90% of total body 
zinc is localized in bone and skeletal muscle. Zinc status 
is regulated both at the absorptive step and by intestinal 
re-excretion. The major excretory route for endogenous 
zinc is via the intestinal tract; fecal losses are increased in 
children with intestinal diseases or diarrhea. 


_ » 


Deficiency: Infants, children, acd okaine diets 
lactating women have increase e 


; iciency is also se 
active growth and tissue synthes'*- a cee rliomer 
as a part of malnutrition and malabsorp / 


caused by low dietary int 
intestinal disease, Excessive 
with recurrent or chronic di 
syndromes can occur in patients on 
feeding. 

Poor physical growt 
depletion in preschool 


sexual maturation and hypogo 
feature of zinc deficiency in adolescents. Other features 


include anemia, anorexia, diarrhea, alopecia, dermatitis, 
impaired immune function, poor wound healing and 
skeletal abnormalities. . 

Acrodermatitis enteropathica is an autosomal recessive 
disorder of severe zinc deficiency, caused by impaired 
intestinal absorption due to defect in intestinal zinc 
transporter protein. It presents in early infancy, with 
vesicobullous, dry, scaly or eczematous skin lesions chiefly 
in the periorificial (around the mouth and perineum) and 
acral areas. Alopecia and eye changes, such as 
conjunctivitis, blepharitis and photophobia, may be 
present. Chronic diarrhea, growth retardation, stomatitis, 
loss of taste sense, irritability and delayed wound healing 
are seen. Catchup growth and resolution of symptoms is 
noted following oral zinc therapy. 

The diagnosis of zinc deficiency is based on the 
combination of dietary history of chronic low zinc intake 
or excessive intestinal losses, presence of clinical features 
compatible with deficiency and low levels of zinc in 
plasma or hair. 


arrhea. Severe zinc deficien 
prolonged intravenous 


h ig an important feature of zine 
and school-age children. Delayed 
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Requirement and treatment of deficiency: Normal 
requirements for children range between 3.5 and 5.0 mg/ 
day. Acquired zinc deficiency states can be treated with 
0.5 to 1.0 mg elemental zinc/kg/day for several weeks or 
months. Malnourished children have much higher 
requirements of 2-4 mg/kg/day due to zinc depletion and 
intestinal disease. One mg of elemental zinc is available 
from 4.5 mg zinc sulfate or 3 mg zinc acetate. 


Copper 


Copper 1s a component of several metallo-enzymes 
required for oxidative metabolism 


Absorption and metabolism: Most of the ingested é 
is absorbed in stomach and smal] intestine a e Secak 
is transported to the liver and released pa ie where 1 
circulation bound to ceruloplasmin the mai ° ees 
protein for copper. Copper is mainly saad a ae 
and muscle. It is excreted through bilia Stee? e a 
feces; urinary excretion is minimal]. ry secretions in the 
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through pesticides and contamination of water by pipes 
and cooking utensils. 


Deficiency: Primary dietary deficiency is infrequent. 
Secondary deficiency may develop in malabsorption 
syndromes, liver disease, peritoneal dialysis and other 
conditions causing excessive copper losses. Copper 
deficiency decreases the life span of the erythrocyte and 
impairs mobilization of stored iron from liver and bone 
marrow. Features of deficiency are microcytic, hypochromic 
anemia unresponsive to iron therapy, depigmentation of 
hair, neutropenia, neurological problems and osteoporosis. 

Copper transport is disrupted in two human diseases: 
Wilson disease and Menke disease. Both have defects in 
copper transporting membrane proteins. Menke disease 
is a rare X-linked fatal disorder of impaired copper 
absorption presenting in early infancy with kinky hair, 
skin hypopigmentation, neurological regression and 
seizures. Laboratory findings include hypocupremia, low 
plasma ceruloplasmin, neutropenia and anemia. 


Selenium 


Selenium is a constituent of glutathione peroxidase, an 
antioxidant in red blood cells and other tissues. Selenium 
also helps maintain normal immune function and is a part 
of the enzyme type 1-deiodinase which converts thyroxine 
to triiodothyronine. Dietary sources include whole grain, 
meat, egg, seafood, garlic and mushrooms. Endemic 
selenium deficiency results in Keshan disease, a form of 
cardiomyopathy in young children seen in some regions 
of China. In combination with iodine deficiency, lack of 
selenium can result in myxedematous endemic cretinism, 
seen in certain parts of Africa. Selenium deficiency may 
be seen in patients on total parenteral nutrition and 
manifests with macrocytosis, brown hair and whitening 
of nails. - 


Chromium 


Glucose intolerance, which complicates malnutrition in 
young children, has been attributed in part to chromium 
deficiency. Chromium acts in glucose homeostasis by 
potentiating insulin action, possibly by facilitating binding 
to its receptor. Symptoms of chromium deficiency are 
usually in the setting of total parenteral alimentation and 
include glucose intolerance, peripheral neuropathy and 
evidence of disturbed nitrogen and lipid metabolism. 


lodine 


lodine, a micronutrient present in small quantities in the 
thyroid gland, is essential for the formation of thyroid 
hormones thyroxine (T,) and triiodothyronine (T;). 
Thyroid hormones play a key role in body growth and 
brain development, especially in the fetus and first three 
years of postnatal life. 

Iodine is most commonly found in sea water and sea 
food/plants are rich sources. Iodine is relatively deficient 


in soil especially in mountainous regions due to leaching 
and erosion. The Himalayan belt and Ganges valley are 
areas of severe iodine deficiency in India. 


Recommended daily intake: The recommended iodine 
intake is around 90 jig/day from birth to 5 years of age 
increasing to 120 pg/day at ages 6-12 years, and 
150 pg/day in adolescents and adults. Pregnant and 
lactating women require higher amounts (200 pg/day). 
Iodine is excreted in urine and 24-hour urinary iodine 
excretion is a useful measurement of iodine sufficiency in 
a community. Urinary iodine <100 pg/L indicates iodine 
insufficiency with values <20 pg/L pointing to severe 
deficiency. 


Iodine deficiency disorders: Nearly 1.5 billion people in 
130 countries around the world live in areas of iodine 
deficiency and are at risk of developing iodine deficiency 
disorders (IDD). IDD are the commonest cause of mental 
retardation in these populations and are responsible for 
an average lowering of IQ scores by 13.5 points compared 
to populations living in iodine-sufficient areas. Goitre is 
the earliest manifestation of iodine deficiency and is an 
adaptive response to increase thyroid hormone production 
under the influence of increased TSH levels, but eventually 
leads to decompensation in the form of hypothyroidism. 
Goitre rates can be as high as 10-30% in endemic 
populations suffering from iodine deficiency (Table 8.5). 


Iodine deficiency in the fetus: Maternal hypothyroidism 
due to iodine deficiency leads to an increased risk of 
abortions and stillbirths. The fetal thyroid gland begins 
to function from the second half of gestation. Inadequate 
availability of T, due to maternal iodine deficiency 
adversely affects early brain development in the fetus 
leading to permanent manifestations of endemic cretinism, 
including mental retardation, hearing impairment (deaf- 
mutism), spastic diplegia and squint. 


Iodine deficiency in the neonate: Iodine deficiency affects 
functioning of the thyroid gland leading to neonatal goitre 
and hypothyroidism The brain of the human infant at birth 
has only reached about one-third of its full size and 
continues to grow rapidly until the end of the second year. 
The thyroid hormone, dependent on an adequate supply 
of iodine, is essential for normal brain development at this 
critical time. Neonatal hypothyroidism persists into 
infancy and childhood, if the deficiency is not corrected 
and results in retardation of physical and mental 
development. 


Iodine deficiency in children: Moderate iodine deficiency 
is associated with abnormalities in psychoneuromotor and 
intellectual development of children who are clinically 
euthyroid, but who do not exhibit other features of 
endemic cretinism (Table 8.5). Some patients may show 
goiter (Fig. 8.9) (see Chapter 18), Studies in moderately 
iodine-deficient areas indicate that fine motor skills and 
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lron 7. 
Iron deficiency remains a major nutritional problem 


and young children. The National Family 
Health fete (NFHS) IV (2015-16), showed that 56% 
urban and 59% rural children between 6 and 59 months | 
are anemic. Iron deficiency anem1a 15 associated with 
impaired performance in mental and physical functions, 
including physical coordination and capacity, cognitive 
abilities, and social and emotional development. Health 
consequences of iron deficiency in young children are 
serious and often irreversible (Chapter 13). 7 


Suggested Reading 


Elder CJ, Bishop NJ. Rickets. Lancet. 2014 May 10;383(9929):1665-76. 

Global Consensus Recommendations on Prevention and 

Management of Nutritional Rickets. J Clin Endocrinol Metab. 2016 

Feb;101(2):394—415. 4 

* ICMR 2010. Nutrient requirements and recommended dietary 
allowance for Indians. Report of the Expert Group of ICMR, New Delhi. 

e ICMR Dietary guidelines for Indians. ninindia.org/Dietary 
GuidelinesforNINwebsite.pdf 

¢ Suskind DL. Nutritional deficiencies during normal growth. Pediatr 
Clin North Am. 2009 Oct;56(5):1035-53. 

e Sethuraman U. Vitamins. Pediatrics in Review. 2006;27:44-55. 























chapter 


9 


Newborn Infants 


Newborn infants are unique in their physiology and the 
health problems that they experience. Neonatal period is 
characterized by transition to extrauterine life and rapid 
growth and development. Newborn period, just first 
28 days of life, carries the greatest risk of mortality. Despite 
being less than 2% of total period of under-5 childhood, 
the newborn period accounts for over half of under-5 child 
mortality. Good care, therefore, not only improves 
survival of children but lays foundation of optimal long- 
term physical and neurocognitive development. 
Newborn health is the key to child health and survival. 
In india (SRS 2012), neonatal deaths account for 56% of 
under-5 (Fig. 9.1) and 69% of infant deaths. First week 
deaths (<7 days; early neonatal deaths) alone account for 
45% of total under-5 deaths. Preterm birth complications 
account for 35% of all neonatal deaths and constitute the 
most important cause of neonatal mortality. Bacterial 
infections (sepsis, pneumonia and diarrhea) contribute to 
21% of neonatal deaths. Other causes of neonatal mortality 
are birth asphyxia and congenital malformations. Almost 
three-fourths of all neonatal deaths occur among the low 
birth weight newborns. Of all the neonatal deaths, about 


Neonatal 
pneumonia 2% 


Neonatal sepsis and 
meningitis 10% 












Pneumonia 
11% 
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10% 


Preterm birth 
complication 
24% 


Birth asphyxia 11% 


Measles 3% 


Other 
neonatal 5% malformations 
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Fig. 9.1: Causes of under-5 deaths at global level (2013) 
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40% occur within first 24 hours, half within 72 hours and 
three-fourths within one week of birth. Health of the 
mother and care during pregnancy and at childbirth has 
profound influence on neonatal outcome. As noted in 
Chapter 1, decline in neonatal mortality is critical to 
achieve national health goals. The stagnant early neonatal 
mortality is a cause for concern. 


Definitions 


Neonatal period: From birth to under four weeks (0 to 27 
days or 1 to 28 days, depending on whether the first day 
has been taken as day 0 or day 1 of life) of age. An infant 
is called a neonate during this phase. First week of life (<7 
days or <168 hours) is known as early neonatal period. 
Late neonatal period extends from 7th to <28th days. 


Postneonatal period: Period of infancy from 28 to 
<365 days (<1 year) of life. 


Weeks of gestation refer to completed weeks of gestation, 
e.g. 36 weeks gestation, refer to range of gestation from 
36 weeks 0 day to 36 weeks and 6 days. 


Perinatal period: Perinatal period extends from 22ndweek 
of gestation (>154 days or fetal weighing 500 g or more) 
to less than 7 days of life. 


Live birth: A product of conception, irrespective of weight 
or gestational age, that, after separation from the mother, 
shows any evidence of life such as breathing, heart-beat, 
pulsation of umbilical cord or definite movement of 
voluntary muscles. 


Fetal death; A fetal death is a product of conception that, 
after separation from the mother, does not show any 
evidence of life. 


Stillbirth: Fetal death ata gestational age of 22 weeks or 
more or weighing 500 g or more at birth. 


Teri neonate: A neonate born between 37 and 42 weeks 
(259-293 days) of gestation. 


Preterm neonate: A neonate born before 37 weeks (<259 
days) of gestation irrespective of the birth weight. 





mM iz 


Online Learning Resource Material 
The Newborn Division of Department of Pediatrics, AIMS, has 
produced excellent resource material for learning of health 
professionals. The material is in form of modules, posters, videos 
and webinars on common newborn issues and is available at; 
www.newbornwhocc.org. 

The online material complements the information provided 
in this Chapter. The readers are encouraged to visit the website 
and use the resource to enhance their learning. 


Post-term neonate: A neonate born at a gestational age of 
42 weeks or more (294 days or more). 


Low birth weight (LBW) neonate: A neonate weighing 
less than 2500 g at birth irrespective of the gestational age. 


Very low birth weight (VLBW) neonate: A neonate 
weighing less than 1500 g at birth irrespective of the 
gestational age. 


Extremely low birth weight (ELBW) neonate: A neonate 
weighing less than 1000 g at birth irrespective of the 
gestational age. 


| Neonatal mortality rate (NMR): Deaths of infants under 
the first 28 days of life per 1000 live births per year, 


| Perinatal mortality ratio (PNMR): Number of perinatal 
_ deaths (stillbirths plus neonatal deaths before 7 days of 
life) per 1000 live births. It is designated as a ratio since 
the numerator is not part of the denominator (for a rate, 
like in NMR, numerator must be part of the denominator. 
As that is not the case in PNMR and therefore, it is a ratio 
and not a rate). 





RESUSCITATION OF A NEWBORN 


_ Of the 25 million infants born every year in India, 3-5% 
_ experience asphyxia at birth. Asphyxia is characterized 
by progressive hypoxia, hypercapnia, hypoperfusion and 
acidosis. It may lead to multiorgan dysfunction that may 
cause death. Hypoxic-ischemic encephalopathy (HIE) 
resulting from asphyxia may lead to long-term neuromotor 
sequelae. 

The American Heart Association (AHA) and the 
American Academy of Pediatrics (AAP) have recently 
updated the resuscitation guidelines. A summary of the 
recommendations of AHA-AAP (2015) is provided here. 
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Pathophysiology of Asphyxia 


When an infant is deprived of oxygen, an initial brief 
period of rapid breathing occurs. If the asphyxia continues, 
the respiratory movements cease and the infant enters into 
a period of apnea known as primary apnea. During primary 
apnea, the heart rate begins to fall, neuromuscular tone 
gradually diminishes but the blood pressure remains 
normal. In most instances, tactile stimulation during this 
period will reinitiate respiration. 
If the asphyxia continues, the infant develops deep 
_ gasping respiration, the heart rate continues to decrease, 
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the blood pressure begins to fall and ibe et ees 
flaccid. The breathing, becomes weaker un ee infant 
gasps and enters into a period of secondary ste : ¢ infany 
is now unresponsive lo stimulation rh seer Not 
spontaneously resume respiratory e orts Unless 
resuscilation in the form of positive pressure ventilation 
(PPV) is initialed. 

Asa result of fetal hypox 
[he phases of primary and sec 
Hence, apnea at birth may be either primar) seks 
apnea. These two are clinically indistinguisha e; in both 
instances, the infant is not breathing and the heart rate 
may be below 100 beats per minute. Hence, when faced 
with an apneic infant at birth, one should assume that an 
apneic infant at birth is experiencing seconda ry apnea and, 
therefore, must institute full resuscitation efficiently 
without wasting too much of time in providing tactile 


stimulation. 


ia, the infant may go through 
ondary apnea before birth, 
ither primary or secondary 


Lung Inflation 


During intrauterine life, the lungs do not take part in gas 
exchange, which is taken care of by the placenta. The lung 
alveoli in the fetus are filled with fluid secreted by type II 
alveolar cells. The process of fluid removal starts with the 
onset of labor. The fluid gets reabsorbed from the alveoli 
into the perivascular space and then into blood and 
lymphatic channels. The process of labor may facilitate 
removal of lung fluid, whereas removal is slowed when 
labor is absent (as in elective cesarean section). 
Removal of lung fluid from the alveoli is facilitated by 
respiration soon after birth. The first few breaths after birth 
are effective in expanding the alveoli and replacing the 
lung fluid with air. Problems in clearing lung fluid may 
occur in infants whose lungs have not inflated well with 
the first few breaths, such as those who are apneic at birth 


or have a weak initia] respiratory effort as with 
prematurity or sedation. 


Pulmonary Circulation 


Oxygenation depends not only on air reaching the alveoli, 
but also on pulmonary circulation. During intrauterine 
life, there is little blood flow to the lungs due to pulmonary 
vasoconstriction. After birth, pulmonary vasodilatation 
takes place resulting in fall in pulmonary vascular 
resistance and increased blood flow in the pulmonary 
circuit. 

The asphyxiated infant has 
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ylmonary blood flow by quickly restoring ventilation. 
However, pulmonary perfusion in severely asphyxiated 
infants may not improve with ventilation alone. The 
combination of oxygenation and correction of metabolic 
acidosis would be necessary to open the pulmonary 
arterioles to improve pulmonary blood flow. 


Cardiac Function and Systemic Circulation 


Asphyxia causes redistribution of blood flow to preserve 
blood supply to vital organs. There is vasoconstriction in 
the bowel, kidney, muscles and skin while the blood flow 


to the heart and brain is relatively preserved (diving-in 
reflex). 


As asphyxia is prolonged, myocardial function and 
cardiac output too deteriorate and blood flow to all the 


organs is further reduced. This sets in the stage for 
progressive organ damage. 


Preparing for Resuscitation 


With careful consideration of antepartum and intrapartum 
risk factors, asphyxia can be anticipated in up to only half 
of the newborns who will eventually require some form 
of resuscitation. In others, the need for resuscitation can 
come as a surprise. Therefore, each delivery should be 
viewed as an emergency and basic readiness must be 
ensured to manage asphyxia. 
Preparation for delivery should include: 

i, Assessing perinatal risk factors, ensuring availability 
of at least one person who is capable of undertaking 
full resuscitation and whose sole responsibility is that 
of newborn only. In an anticipated need for resuscita- 
tion, there may be need of more than one person. 

ii, All resuscitation equipment immediately available and 
in working order (Table 9.1) 

iii. Ensuring a good teamwork and proper communication 
between teammates. 


Role of Apgar Scores In Resuscitation 


The Apgar score is an objective method of evaluating the 
newborn’s condition (Table 9.2). It is generally performed 
at 1 minute and again at 5 minutes after birth. However, 
Tesuscitation must be initiated before the 1-minute score 
'S assigned. Therefore, the Apgar score is not used to guide the 
resuscitation. . 
While the Apgar score is not useful for decision making 
at the beginning of resuscitation, the change of score at 


N Table 9.1: Neonatal resuscitation supplies and equipment | 
Suction equipment 


Mechanical suction 
Suction catheters 10, 12 or 14 F 
Meconium aspirator 


Bag and mask equipment 


Neonatal resuscitation bags (self-inflating) 

Face-masks (for both term and preterm babies) 

Oxygen with flow meter and tubing 

Intubation equipment 

Laryngoscope with straight blades no. 0 (preterm) and no. 1 
(term) 

Extra bulbs and batteries (for laryngoscope) 


Endotracheal tubes (internal diameter of 2.5, 3.0, 3.5 and 
4.0 mm) 


Medications 

Epinephrine 

Normal saline or Ringer lactate 
Naloxone hydrochloride 
Miscellaneous 


Linen, shoulder roll, gauze 
Radiant warmer 

Stethoscope 

Syringes 1, 2, 5, 10, 20, 50 mL 
Feeding tube 6 F 

Umbilical catheters 3.5, 5 F 
Three way stopcocks 

Gloves 





sequential time points following birth can reflect how well 
the baby is responding to resuscitative efforts. Extended 
Apgar scores should be obtained every 5 minutes for up 
to 20 minutes, if the 5-minute Apgar score is less than 7. 


TABC of Resuscitation 


The components of the neonatal resuscitation can be 
summarized as TABC: 


T-Temperature: Provide warmth, dry the baby and remove 
the wet linen. 


A-Airway: Position the infant, clear the airway, if required 
(by wiping or suction of baby's mouth and nose).If 
necessary, insert an endotracheal (ET) tube to ensure an 
open airway. 


neem TTR IS 8 2s Apgar Scored) GE AMAT NTT ESS SEM 
a Sof  - = 0 1 2 | 
Heart rate Absent Slow (<100 beats/min) Normal (>100 beats/min) 
Respiration Absent Weak cry Good strong cry 
Muscle tone Limp Some flexion Active movements 
Reflex irritability No response Grimace Cough or sneeze 
Color Blue or pale Body pink, extremities blue Completely pink 
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B-Breathing: Tactile stimulation to initiate respirations, 
positive-pressure breaths using either bag and mask or 
bag and ET tube as necessary. 


C-Circulation: Stimulate and maintain the circulation of 
blood with chest compressions and medications as 


indicated. 
Antenatal counselling 
Team briefing and equipment check 








Term gestation? 
good tone? 
Breathing or crying? 





No 


position airway, clear secretions if 
needed, dry stimulate 


Apnea or gasping? 
R below 100/min? 
Yes 


PPV 
SpO, monitor 
Consider ECG monitor 


HR below 100/min? 
Yes 


hel 2 ~ Check chest movement 
Ventilation corrective steps, if needed 
ETT or laryngeal mask, if needed 


HR below 60/min? : 
Yes 


ntubate, ifnot already done 
_ Chest compressions 
Coordinate with PPV 
100% O, 
fi ~ ECG monitor 
Consider emergency UVC 


‘HR below 60/min? 
Yes 


| V.epinepht 

If HR persistently below 60/min 
Consider hypovolemia 

Consider pneumothorax - 












1 minute 










Fig. 9.2: The algorithm of neonatal resuscitation. CPAP continuous positive airway pressure; Pp\ 
saturation of oxygen (Adapted with permission from American Academy of Pediatrics 2015), 


Figure 9.2 presents the algorit 
At the time of birth, one shou 


the newborn: 
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ation Algorithm 
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i. Term gestation? 
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‘Infant stays with mother for routine 
care: warm and maintain normal 
temperature, position airway, clear 
secretions if needed, dry, 
Ongoing evaluation 





















Labored breathing or 
persistent cyanosis? 


Yes 





- Position and clear airway — 
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Supplementary O, as needed 
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-Postresuscitation care 
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. after birth . 
















1 min 60-65% 
2 min 65-70% 
3 min 70-75% 
4 min 75-80% 
5 min 80-85% 
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iii Good muscle tone? (flexed posture and active 
movement of baby denotes good tone) 


If answers to all the three questions are 'Yes', the infant 
stays with mother and receives just "Routine care". Routine 
care consists of four steps: 

i, Warmth: Provided by putting the baby directly on the 

mother’s chest in skin-to-skin contact. 

ji. Clearing of airway, if required: Position the baby and 
wipe the baby’s mouth and nose using a clean cloth. 
No need to suction routinely. 

iii. Dry the baby 

iv. Ongoing evaluation for vital parameters. Helping 
mother in breastfeeding will facilitate easy transition 
to extrauterine environment. 

If answer to any of the three questions is “No”, the baby 
requires at least some resuscitation. After cutting the cord, 
the baby should be subjected to a set of interventions 
known as initial steps. 


Initial Steps 


Warmth 


The baby should be placed under the heat source, 
preferably a radiant warmer. The baby should not be 
covered with blankets or towels to ensure full visualization 
and to permit the radiant heat to reach the baby. 


Positioning 


The baby should be placed on her back or side with the 
neck slightly extended. This helps in keeping the airway 
open and facilitates breathing. Care should be taken to 
prevent hyperextension or flexion of the neck, since either 
may interfere with respiration. 

To help maintain the correct position, one may place a 
rolled blanket or towel under the shoulders of the infant 
elevating her by % or 1 inch off the mattress. This ‘shoulder 
roll’ is particularly helpful, if the infant has a large occiput 
resulting from molding, edema or prematurity (Fig. 9.3). 


Clear Alrway, ff Necessary 


The appropriate method for clearing the airway will 
depend on the presence or absence of meconium. 





Fig. 9.3: Rolled towel under the shoulders 


The secretion can be removed from the airway by 
wiping the nose and mouth with a clean cloth or by 
suctioning with a bulb syringe or suction catheter. The 
mouth is suctioned before nose (‘M’ before ‘N’) to ensure 
the infant does not aspirate, if she should gasp when the 
nose is suctioned. If the infant has copious secretion from 
the mouth, the head should be turned to the side. This 
will allow secretions to collect in the side of mouth, where 
they can be easily removed. 

For suctioning, the size of suction catheter should be 
12 or 14 Fr. The suction pressure should be kept around 
80 mm Hg (100 cm H,O) and should not exceed 100 mm 
Hg (130 cm H,O). One should not insert the catheter too 
deep in mouth or nose for suction as it may stimulate 
posterior pharynx producing vagal response resulting in 
bradycardia or apnea. 


Dry and Stimulate 


After suctioning, the baby should be dried adequately 
using prewarmed linen to prevent heat loss. The wet linen 
should be removed away from the baby. The act of 
suctioning and drying itself provides enough stimulation 
to initiate breathing. If the newborn continues to have poor 
respiratory efforts, additional tactile stimulation by gently 
rubbing trunk, back and extremities for several seconds 
may be provided to stimulate the breathing. However, 
one should not waste too much of time in providing tactile 
Stimulation. 


Management of Infant Born through 
Meconium-Stained Liquor (MSL) 


A baby born through meconium-stained liqgor (MSL) may 
aspirate the meconium into the trachea and lungs. The 
procedures like intrapartum suctioning of the mouth and nose 
before delivery of the shoulders and postnatal tracheal suctioning 
of non-vigorous babies are no more recommended. 

Ifa term baby born through MSL is vigorous (breathing 
well and good tone), the baby is provided initial steps. 
The gentle suction of mouth and nose may be required to 
clear airways and the baby is kept with mother with 
continued observation for development of any respiratory 
difficulty. If non-vigorous (feeble breathing or low tone), 
the baby is provided initial steps under radiant warmer 
and PPV is provided, if required. 


Evoluation 


After providing initial steps, the baby should be evaluated 
by assessing respiration, HR and color (or oxygen 
saturation by pulse oximetry). 

Respiration is evaluated by observing the infant's chest 
movements. HR can be assessed by auscultating the heart 
or by palpating the umbilical cord pulsation for 6 seconds. 
The number of beats or pulsation is multiplied by 10 to 
obtain the HR per minute (e.g. a count of 12 in 6 seconds 
is an HR of 120 per minute). Color is evaluated by looking 
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at tongue, mucous membranes and trunk. A blue hue to 

the lips, tongue and central trunk indicates central 

cyanosis. Presence of cyanosis in extremities (acrocyanosis) 
does not have any significance. 

e If the baby has good breathing, HR 100/min or more 
and no cyanosis, then she does not require any 
additional intervention and the baby should be 
monitored frequently. 

e If the baby has labored breathing or persistent central 
cyanosis, administration of CPAP in preterm babies and 
supplemental oxygen in term babies is recommended. 
Baby should have its oxygen saturation monitored and 
supplemental oxygen is titrated to achieve the targeted 
saturations (Fig. 9.2). 

e If the baby is apneic, has gasping breathing or heart 


rate below 100 min, positive pressure ventilation (PPV) 
is needed. 


Supplemental Oxygen 


Central cyanosis requires supplemental oxygen, which can 
be provided by an oxygen mask or oxygen tube held in 
cupped hand over baby's face or by flow inflating bag and 
mask. The flow of oxygen should be at least 5 L/minute. 


Positive Pressure Ventilation (PPV) 


PPV is usually given by using a self-inflating bag and face 
mask (bag and mask ventilation or BMV). The self- 
inflating bag is easy to use as it reinflates completely 
without any external compressed source of gas. 

The resuscitation bag (Fig. 9.4) should have a capacity 
of 240 to 750 mL. The bag is attached to sources of oxygen 
and air and a blender which provides a desired 
concentration of supplemental oxygen. 

Oxygen should be treated as a drug. Both too little and 
too much of oxygen are bad for the baby. Even a brief 
exposure to high concentration of oxygen can have 
detrimental effect on the baby. Studies have shown that 
term babies resuscitated with room air compared to 100% 
oxygen have better survival and long-term outcomes. The 
evidence in favor or against the use of oxygen in preterm 
babies is yet lacking. 
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a 9.4: Self-inflating bag (Adapted with permission from AAP 
9) 


It is, therefore, recommended that term babies shoulg 
be initiated on room air resuscitation. Ideally, Oxygen 
saturation should be monitored by pulse iste and 
oxygen delivery should be titrated to maintain the oxygen 
saturation in the targeted range (Fig 9.2). In absence of 
pulse oximetry, room air should be substituted by 100% 
oxygen, if the baby fails to improve (improvement in HR 
and breathing) by 90 seconds. | 

PPV in preterm babies (<35 weeks) is recommended 
using intermediate concentration of oxygen (21 to 30%). 
The oxygen concentration should be titrated by 
continuously monitoring of oxygen saturation by pulse 
oximetry. BMV is indicated, if: 

i. The infant is apneic or gasping 
ii. HR is less than 100 beats per minute 

In suspected or confirmed diaphragmatic hernia, bag and 

mask ventilation is contraindicated. 


Procedure 


The infant's neck should be slightly extended to ensure 
an open airway. The care provider should be positioned 
at head end or at the side of baby so as to have an 
unobstructed view of infant’s chest and abdomen. Select 
an appropriate sized face mask that covers the mouth and 
nose, but not eyes of the infant (Fig. 9.5). The face mask 
should be held firmly on face to obtain a good seal. The 
bag should be compressed using fingers and not by hands. 

PPV is the single most effective step in babies who fail to 
breath at birth. Ensuring adequacy of ventilation is the most 
important priority in such babies. 
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Fig. 9.6: Correct rhythm of Providing positive pressure ventilation (Adapted with permission from American Academy of Pediatrics 


2005) 


If the baby is not responding to PPV by prompt increase 
in HR, ventilation corrective steps are taken: Observe for 
an appropriate rise of the chest and auscultate for breath 
sounds. If chest does not rise and there are no audible 
breath sounds, the steps outlines in Table 9.3 should be 
undertaken. 

When normal rise of the chest is observed, one should 
begin ventilating. Ventilation should be carried out at a 
rate of 40 to 60 breaths per minute, following a ‘squeeze, 
two, three’ sequence (Fig. 9.6). 

Usual pressure required for the first breath is 30-40 cm 
HO. For subsequent breaths, pressure of 15-20 cm H,O is 
adequate. After the infant has received 30 seconds of PPV, 
evaluate the HR and take a follow-up action as in Fig. 9.2. 

Improvement in the infant’s condition is judged by 
increasing HR, spontaneous respiration and improving 
color. If the infant fails to improve, check adequacy of 
ventilation in form of visible chest rise. If chest rise is 
inadequate, one should take necessary action as described 
earlier. 

PPV may cause abdominal distension as the gas escapes 
into the stomach via esophagus. Distended stomach 
presses on the diaphragm and. compromises the 
ventilation. Therefore, if ventilation is continued for more 
than two minutes, an orogastric tube (feeding tube size 
6-8 Fr) should be inserted and left open to decompress 
the abdomen. 


Chest Compressions 


The heart circulates blood throughout the body delivering 
oxygen to vital organs. When an infant becomes hypoxic, 
the HR slows and myocardial contractility decreases. As 
a result, there is diminished flow of blood and oxygen to 
the vital organs. 

Chest compressions (CC) consist of rhythmic 
compressions of the sternum that compress the heart 
against the spine, increase intrathoracic pressure and 
circulate blood to the vital organs of the body. CC help in 
mechanically pumping the blood to vital organs of the 
body. CC must always be accompanied by BMV so that 
only oxygenated blood is being circulated during CC. 


| Table 9.3: Ventilation corrective steps (MR SOPA) 
Action Condition 
Inadequate seal Re-apply mask 
Blocked airway Reposition the infant's head 
Blocked airway Clear secretions by suction 


Blocked airway Ventilate with mouth slightly open 
Inadequate pressure Increase pressure slightly 


Consider alternate Blocked airway(endotracheal tube) 
airway 


Chest compressions are indicated, if HR is below 60/min even 
after 30 seconds of PPV. Once the HR is 60/min or more, chest 
compressions should be discontinued. 


Procedure 


The CC are delivered by the thumb technique (Fig. 9.7). 
With the thumb technique, the two thumbs are used to 
depress the sternum, with the hands encircling the torso 
and the fingers supporting the back. The earlier used two- 
finger technique for CC is no more recommended. 
When CC is performed on a neonate, pressure is 
applied to the lower third of sternum. Care must be taken 
to avoid applying pressure to xiphoid. To locate the area, 
one should slide the fingers on the lower edge of thoracic 


cage and locate xiphisternum. The lower third of the 
sternum is just above it. 


Rate 


It is important to ventilate between chest compressions. 
A positive breath should follow every third chest 
compression. In one minute, 90 chest compressions and 
30 breaths are administered (a total of 120 events). To 
obtain the proper ratio of 90 compressions and 30 
ventilations in 1 minute (3:1), chest should be compressed 
three times in 1% seconds, leaving out approximately 
’2 second for ventilation, 


Thumbs or the tips of fingers (depending on the method 
used) should remain in contact with the chest during 
compression and release. Do not lift your thumbs or 
fingers off the chest between compressions. 
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Endotracheol Tube (ET) 


ET should be of uniform diameter throughout the length 


of the tube (and not tapered near the tip) and have vocal 
cord guide at the tip and centimeter markings. ET size 
depends on the weight or gestation of the baby 


(Table 9.4). 

Most ET currently ma 
black line near the tip of 
cord guide. Such tubes a 
the vocal cord guide is p 
cords. This helps positio 
bifurcation of trachea. 

For intubation, a neonatal laryngoscope, with straight 
blades of sizes ‘0' (for preterm babies) and '1' (term babies) 
is required. Before intubating, the appropriate blade is 
attached to the handle of laryngoscope and the light is 
turned on. 


nufactured for neonates have g 
the tube which is called a voca] 
re meant to be inserted so that 
laced at the level of the vocal] 
n the tip of ET above the 


Procedure 
The infant's head should be in midline and the neck kept 
Fig. 9.7: Chest compression with thumb technique (Adapted slightly extended. The laryngoscope is held in the left hand 
with permission from AAP 2005) between the thumb and the first three fingers, with the 
blade pointing away from oneself. Standing at the head 
To determine efficiency of chest compressions, the — end of the infant, the blade is introduced in the mouth 
carotid or femoral pulsation should be checked and advanced to just beyond the base of the tongue so 





periodically. that its tip rests in the vallecula. The blade is lifted as 
Possible complications of chest compressions include shown in Fig. 9.8 and landmarks looked for; the epiglottis 
broken ribs, laceration of liver and pneumothorax. and glottis should come into view. The glottic opening is 
surrounded by vocal cords on the sides. Once the glottis 

Evaluation and vocal cords are visualized, the ET is introduced from 





After a period of 30 seconds of chest compressions, the _ the right side of the mouth and its tip inserted into the 
heart rate is checked. 


HR below 60. Chest compressions should continue along Table 9.4: Appropriate endotracheal tube'size - is | 


| with bag and mask ventilation. In addition, medications inner diameter Weight Gestational age 
- of tube (m g 

| (epinephrine) have to be administered. m) (9) (weeks) 

2.5 { 

| HR 60 or above. Chest compressions should be dis- bey <28 

| 3.0 1000-2000 28-34 


continued. BMV should be continued until the heart rate ; 
is above 100 beats per minute and the infant is breathing ‘5 2000-3000 34-38 


| spontaneously. 4.0 >3000 >38 


Endotracheal Intubation 


Endotracheal (ET) intubation is required only in a small 
proportion of asphyxiated neonates. Intubation is a 
relatively difficult skill to learn and it requires frequent 
practice to maintain the skill. 


Indications 


The indications of ET intubation are: (i) when tracheal 
suction is required (in non-vigorous babies born through 
MSL), (ii) when prolonged BMV is required, (iii) when 
BMV is ineffective, and (iv) when diaphragmatic hernia 
is metinidate The other conditions where ET intubation Correct 
may be considered are: before starting chest compressions Fig. 9.8: Direction of pull on ¢ 

a for administering epinephrine. ‘ r Nene from AAP 2005) nS laryngoscope (Adapted witn 





a 
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Table 9.5: Medications: Indication, dosage and effects — 


edication Indicati 
‘concentration ) Hon Effects Concentration Dose of the Route 
Epinephrine HR <60/mi administered prepared solution 
ne 000) 3 ech ee 30 sec Inotropic; chronotropic; + 1:10000 0.1-0.3 mL/kg IV; through umbilical 
chest Rohe a and peripheral vein (endotracheal 
| sali mpressions vasoconstrictor route, if no lV access) 
Norma! saline, Acute bleeding with Increased intravascular 10 mL/kg Umbilical vein 
Ringer lactate hypovolemia volume improves 
perfusion 
oA rngtit ern cee Exploesiet Narcotic antagonist 0.4 mg/mL 0.25 mL/kg IV preferred; delayed 
isto Serta 
of narcotic use within ry (0.1 mg/kg) onset of action with 


4 hr of birth 


Sodium bicarbonate is administered, 


Only if prolonged as 
expanders. IV: Intravenous; PPV: Posi 


tive pressure ventilation 
glottis until the vocal cord 
thus positioning it half w 
carina. 


guide is at the level of the glottis, 
ay between the vocal cords and 


Medications 


The majority of infants requiring resuscitation will havea 
response to prompt and effective ventilation with 100% 
oxygen. Only a few require medications. 

Medications used in resuscitation include epinephrine 
and volume expanders (Table 9.5). Sodium bicarbonate 
and naloxone are indicated only for special circumstances. 
There is no role of atropine, dexamethasone, calcium, 


mannitol and dextrose for newborn resuscitation in the 
delivery room. 


Route of administration: Since veins in scalp or 
extremities are difficult to access during resuscitation, 
umbilical vein is the preferred route. No intracardiac 
injection is recommended. 


For umbilical vein catheterization, 3.5 Fr or 5 Fr 
umbilical catheter is inserted into the umbilical vein such 
that its tip is just inside the skin surface and there is free 
flow of blood. Direct injection into the umbilical cord is 
undesirable. 

Epinephrine may be injected directly into the tracheo- 
bronchial tree through ET. Since absorption is erratic, this 
method is to be used, only if venous access cannot be 
obtained. The drug is injected by a syringe or a feeding 
tube (5 Fr) into the endotracheal tube, flushed with 0.5 mL 
of normal saline and dispersed into the lungs by PPV. 


Indications 


Use of adrenaline is indicated, if HR remains below 60 
despite adequate ventilation and chest compressions for 
30 seconds. 


Suggested Reading 


* Textbook of Neonatal Resuscitation.; 7th ed. American Academy 
of Pediatrics and American Heart Association, 2015 





phyxia is associated with metabolic acidosis despite use 


intramuscular use; 
administer only after 
restoring ventilation 


of epinephrine and volume 


LEVEL OF NEWBORN CARE 


Level-1 units: Provide care to normal term newborns and 
stable newborns of 35 to 36 weeks gestation. These units 


stabilize small and sick infants and transfer them to hi gher 
level facilities. 


Level-2 units (special care nursery): Look after babies born 
at or after 32 weeks of gestation or weighing 1500 gm or 
more at birth or those with moderate sickness. These units 
can provide CPAP and ventilation for brief periods. They 
can serve as step-down units for level-3 and level-4 care. 


Level-3 units (intensive care uni ts): Provide care to babies 
less than 32 weeks and 1500 gm and ones with critical 


illnesses. These units can offer full range of respiratory 
Support. 


Level-4 care includes full range of advanced subspecialities 
including options of cardiac surgery. 

The Indian health system defines level of care in 
following manners: 
Newborn care corner (NBCC): All birthing facilities must 
have NBCC to provide resuscitation (care at birth) and 
care to well babies. These units identify and refer at risk 
and sick neonates to higher facilities. 


Newborn stabilization units (NBSU): In addition to NBCC 
services, these units provide sick newborn care to babies 
above 1800 gm. 


Special newborn care nits (SNCU): In addition to services 
provided by NBCC and NBSU, these units provide care 
to babies <1800 gm and limited ventilation facilities. 


CARE OF NORMAL NEWBORN BABIES 
Care at Birth 


Standard precautions and asepsis at birth: The personnel 
attending the delivery must exercise all the universal/ 
standard precautions in all cases. All fluid from the baby/ 
mother should be treated as potentially infectious. Gloves, 
masks and gowns should be worn when resuscitating the 
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newborn. The protective eyewear or face shields should 
be worn during procedures that are likely to generate 
droplets of blood or other body fluids. 
Observe ‘five cleans’ to prevent sepsis at birth: 
i. Clean hands: Hand-hygiene and wear sterile gloves 
ii. Clean surface: Use clean and sterile towel to dry and 
cover the baby 
iii. Clean blade: The umbilical cord to be cut with a clean 
and sterile blade/scissors 
iv. Clean tie: The cord should be clamped with a clean and 
sterile clamp or tie 
v. Nothing to be applied on the cord. Keep it dry. 


Prevention and management of hypothermia: Immediately 
after birth, the newborn is at high risk of hypothermia. 
This early hypothermia may have a detrimental effect on 
the health of the infant. Special care should be taken to 
prevent and manage hypothermia. The temperature of 
delivery room should be 25°C and it should be free from 
draft of air. The baby should be received in a pre-warmed 
sterile linen sheet at birth. The infant should be dried 
thoroughly including the head and face, and any wet linen 
should not be allowed to remain in contact with the infant. 
The infant may be placed on the mother's abdomen 
immediately after the birth for early skin-to-skin (STS) 
contact. This will not only maintain the newborn's 
temperature, but also promote early breastfeeding and 
decreases the pain and bleeding in the mother. The baby 
should be observed during the transition period and 
appropriately clothed including caps and socks. 


Delayed clamping of umbilical cord: Umbilical cord 
clamping must be delayed for at least 30 seconds (in term 
as well as preterm babies) in order to allow transfer of 
additional amount of blood from placenta to the infant. 
This delayed cord clamping in term babies is associated 
with improved hematologic status, iron status and clinical 
anemia at 2 to 6 months. In preterm infants, delayed cord 
clamping is associated with reduced IVH and other 
morbidities. However, if the baby is asphyxiated at birth, 
cord should be clamped immediately after birth and 
resuscitation is initiated without any delay. 


Cleaning of baby: The baby should be dried and cleaned 
at birth with a clean and sterile cloth. The cleaning should 
be gentle and should only wipe out the blood and the 
meconium and not be vigorous enough to remove the 
vernix caseosa (whitish greasy material on the skin). The 
vernix protects skin of the infant and helps maintain 
temperature. This gets absorbed on its own after sometime. 


Clamping of the cord: The umbilical cord should be clamped 
at 2-3 cm away from the abdomen using a commercially 
available clamp, a clean and autoclaved thread or a sterile 
rubber band (Fig. 9.9). The stump should be kept away 
from the genitals to avoid contamination. The cord should 
be inspected every 15-30 minutes during initial a few hours 
after birth for early detection of any oozing. 


eS ee ie ee 





Fig. 9.9: Correct application of the umbilical Clarnip 


Placement of identity band: Each infant must have an 
identity band containing name of the mother, hospital 
registration number, gender and birth weight. 


Care of Baby in Initial a Few Hours affer Birth 


Recording of weight. The baby should be weighed after 
stabilization and when the temperature is documented to 
be normal. A sterile preheated sheet (or a single use paper 
towel) should be placed on weighing machine with 10 g 
sensitivity. Electronic weighing scales are ideal. Zeroing 
of the machine should be performed. The baby is then 


gently placed on the weighing machine and the weight is 
recorded. 


First examination: The baby should be thoroughly 
examined at birth from head to toe and the findings should 
be recorded in neonatal record sheet. Examine midline 
structures for malformations (e.g. cleft lip, neck masses, 
chest abnormality, omphalocele, meningocele, cloacal 
abnormality). Special attention should be given to identify 
and document the patent anal opening. There is no need 
for routine passage of catheter in the stomach, nostrils and 
the rectum for detection of esophageal atresia choanal 
atresia and anorectal malformation, respectivel The baby 
should be examined for Presence of birth injuries The 
axillary temperature of the baby should be ea d before 
the baby is shifted out from the birthing place ; 


Initiation of breastfeeding: Breastfeeding should be 


initiated within one hour of }; 
should assist the moth of birth. The health provider 


‘ ‘ Proactiv , : 
result in high rates of silkesschuat. his seg is ee 
support is needed in pri ast-feeding, Extt 


mipara Mothe OG, 
Vitamin K: It should be ag rs and small babies 


mini 
(0.5 mg for babies less than ‘O60 to all the babies 
more than 1000 g). It is Preferable and 1 mg for babies 


t A eee: 
K, preparation, however, if not ean administer vitamin 
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be administered. Vitamin K 


jeficient babies. 3Cancause hemolysisinG6PD — * The newborn is not having significant jaundice or any 


“" other illness requiring closer observation by a health 
amg ears with the family: Before leaving the birth provider. 
place, the health professional should communicate with The mother has been counseled regarding routine 


the irsince: the family members. The following facts newborn care and her queries are answered. 
Ate C early told to the family: (i) gender of the baby, * Follow-up advice should be communicated to the 
Gi) birt weight, (iii) well-being of the baby, (iv) need for mother, Babies, particularly born to primigravida 
initiation of breastfeeding within one hour and need for mothers should be called for follow-up visit at 48 hours 
continued observation for any problem. of discharge, if discharged before 72 hours. 


Parents have been explained the following ‘danger 


Rooming in: Normal newborn should not be separated signs’ when they need to bring the baby to the hospital: 


from the mother. In the initial a few hours of life, the baby 


is very active and co-bedding of the b aby with mother i. Difficulty in feeding or poor feeding 
facilitates early breastfeeding and bonding. Studies have ue Gory sian 
shown that any separation during initial hours may have iii. Lethargy (movement only when stimulated) 
a deterimental effect on successfil breastfeeding. iv. Fast breathing (RR >60/min) 
v. Severe chest indrawing 
Care of Baby beyond a Few Hours after Birth vi. Temperature of more than 37.5°C or below 35,5°C 


« A date for follow-up has been assigned. A normal 
newborn with adequacy of breastfeeding and no 
significant jaundice by 72 hours of age can be seen at 
6 weeks of age. In presence of any high-risk factor (e.g. 


Care of the cord: The umbilical stump should be kept dry 
and devoid of any application. The nappy of the baby 
should be folded well below the stump to avoid any 


contamination. As ; 

: low birth weight, prematurity significant jaundice, or 
Exclusive breastfeeding: A proactive and a systematic feeding not established), the baby should be seen within 
approach should be followed to initiate, support and 2-3 days of discharge. 


maintain breastfeeding. The various advantages of the 

breastfeeding should be discussed with the mother to Common Parental Concerns 

motivate her. Availability of dedicated lactation nurse or Weight loss in first week: Normally, babies lose 8-10% of 
counsel or significantly improves the chances of successful birth weight in the first week of life which is regained 
breastfeeding. by 7-10 days age. Subsequently, there should be a gain 


Position of sleep: Evidence has linked prone position to of 20 to 40 g ages day % | 
the occurrence of sudden infant death syndrome (SIDS). e Crying during micturition: The sensation of a full bladder 


Allhealthy term newborns should be put to sleep on their is uncomfortable to many babies who cry before passing 
back (supine position). urine and they quieten as soon as the act of micturition 


starts. Crying during passage of urine as opposed to 


Traditional practices that should be discouraged: The t AP Ans \tan-aek Bk inietainiton should alert cliniGa i 
application of kajal or surma in the eyes, putting oil in the the possibility of urinary tract infection. 
ear or applying cow-dung on cord must be strongly . Bathing: During the first week, till cord falls off, only 
discouraged. sponging is recommended which can be given after the 
Timing of discharge in a normal newborn. A normal first 24 hours of life. Later, bathing every 2-3 days is 
baby should stay in the health facility for at least 24 hours quite sufficient. A draught-free warm room, warm 
and preferably for 48 hours. Smaller babies or those with water and quick completion of bath ensure that the baby 
feeding problems or sickness should remain in hospital does not get cold during bathing. The head constitutes 
as required. a large surface area of the baby; therefore, it should be 
The following criteria should be met in all the babies washed last and dried first. Bathing time can be used 


Prior to discharge: to inspect baby’s cord, eyes and skin for any discharge, 
© The routine formal examination of the newborn has rash or redness. 
been performed and documented. Cosmetics: Babies have a sensitive skin and use of 
* The newborn is breastfeeding properly. The adequacy cosmetics should be minimized. A low alkalinity, mild, 
of feeds can be determined by: non-perfumed/non-medicated soap should be used. 
~ Passage of urine 6 to 8 times every 24 hours Any oil except mustard oil can be used. i 
- Baby sleeping well for 2-3 hours after feeds. sep eb on rege pant ed able a me 
° ization as per and should be avoided. 
oa REN OR a boric acid (present in most prickly heat preparations). 


i itate 
. : f th Recurgitation (posseting): Babies commonly regurgitat 
hada aie alec ok Ra ecpliaeaouni “of curdled milk soon after feeding. This 
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behavior is normal as long as the baby gains weight 
and passes urine 6-8 times a day. 
¢ Frequent stools: During the first few days of life, the stool 
color in breastfed neonates changes from black-green 
to yellow by the end of first week. In between, the stools 
appear loose (‘transitional stools’). The stool frequency 
may increase at this time. It is attributed to the enhanced 
gastrocolic reflex which results in the passage of small 
stools just after feeding. If the baby remains well 
hydrated, has no signs of sepsis, feeds well, passes urine 
6-8 times per day and gains weight, there is no cause 
for concern. 
Breast engorgement: Under the effect of transplacentally 
transmitted hormones, the breasts in boys and girls may 
get hypertrophied and secrete milk like fluid. It resolves 
spontaneously in a few days. Engorged breasts should 
not be squeezed or massaged as it could lead to soreness 
and infection. 
Rashes and skin peeling: Papular lesions on erythematous 
base can be seen in many babies; dispersed over the 
trunk and face, on day two or three of life. These lesions, 
called erythema toxicum, are eosinophil-laden sterile 
lesions. They resolve spontaneously and require no 
treatment (Fig. 9.10a). Pyodermas, on the other hand, 
are pus-filled lesions occurring in response to local 
infection of the skin, commonly occurring in skin 
creases (Fig. 9.10b). If boils are <10 in number and there 
are no signs of sepsis, local cleaning with antiseptic 
solution and application of 1.0% gentian violet is 
sufficient. Further investigation and treatment for sepsis 
is indicated, if there are >10 lesions, signs of sepsis or 
non-resolution after topical treatment. 
Skin peeling is another normal skin finding noted 
especially in post-term and IUGR babies. Oil massaging 
can decrease the flaking and no other intervention is 
required. 
¢ Diaper rash: There is redness, inflammation and 
excoriation of skin in diaper area due to maceration by 
stools and urine. The problem is more frequent with 
plastic nappies. The treatment consists of keeping the 
area dry, avoiding rubbing of the skin for cleaning and 
application of a soothing cream. Use of cotton diaper is 
less often associated with this rash. 


EVALUATION OF NEWBORN 


Most neonates are born healthy, normal and free from 
disease. Some (approximately 10%) need observation in 
nursery. 

Newborn examination yields different information at 
different times. Hence, newborns should be examined in 
detail at following time points: (i) soon after birth, (ii) at 
24 hours of birth, (iii) before discharge from hospital, and 
again (iv) at follow-up visit. | 

Immediately after birth, the Apgar scores are assigned 
at 1 and 5 minutes (Table 9.2). If the score is less than 7, it 
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Fig. 9.10: (a) Erythema toxicum; (tb) Hymenal tag (arrow head) 
and pustules (arrows) 


is assigned every 5 minutes until 20 minutes or till two 
successive score are 7 or greater. These scores rapidly 
assess the cardiopulmonary status. Apgar scores may be 
falsely low in infants born very preterm and those with 
maternal drug intake, sepsis, congenital heart disease and 
central nervous system malformations. Low Apgar scores 
are poor predictor of long-term neurodevelopmental 
outcome. 

If systemic examination reveals an abnormal finding, 


laboratory evaluation ma b 6 
provides a scheme for the-c =, Watramieds Tevlk 


Pi. ompr ; and 
examination of the newborn prehensive history 


General Observation 


The least disturbing exa 
gives an opportunit 
posture, spontane 


mination should be done first; this 
y to assess the state of alertnes® 
US activity, color, any obvious 
S or malformation. The newborns 


. when th om a 
but quiet (happens after 1] a Aine ive ee foie or awake 
ing). 


A b ; 
ina baby with hyperemia has an extended posture as 
the color of the baby, including wPathy. A clear Sook’ 0 

cyanosis, pallor, jaundicé 
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History 


General 
Past obstetric history 
Antenatal 


Obstetric or medical 
complications 


Labor 


Delivery 


|mmediate care at birth 
Feeding history 
Postnatal problems 
Family history 

Past medical problems 
Personal/social history 


General examination 
Immediately after birth 


Appearance 
Vital signs 


Anthropometry 
Gestation 
Classification by 
intrauterine growth 
Congenital anomalies 
Birth trauma 

Common signs 
Special signs 


Feeding 
Reflexes 
Systemic examination 


Chest 


Cardiovascular system 
Abdomen 


Musculoskeletal system 
Central nervous system 


Table 9.6: Newborn history and examination: Format for case presentation | 


Mother's name and age, parity, last menstrual period, expected date of delivery 

Past pregnancies: When, gestation, fetal or neonatal problems, current status of children 

Number of antenatal visits, tests (hemoglobin; urine albumin, sugar; ultrasound; blood group, VDRL, 
HIV), tetanus toxoid immunization, supplements (iron, folic acid, calcium, iodine) 

Obstetric complications (toxemia, urinary tract infections, twins/triplets, placenta previa, accidental 
hemorrhage); fetal problems (IUGR, hydrops, Rh isoimmunization); medical problems (diabetes, 
hypertension); investigations, medications, course 

Presentation, onset of labor (spontaneous/induced), rupture of membranes (spontaneous/artificial), 
liquor (clear/meconium stained); duration of first and second stage of labor; fetal heart rate (tachycardia, 
bradycardia, irregular) 


Place of delivery, vaginal (spontaneous/forceps/vacuum), cesarean (indication, elective/emergency); 
local/general anesthesia; duration of third stage; postpartum hemorrhage 


Resuscitation; time of first breath and cry; Apgar score; cord care; passage of urine/stool 
Breastfeeding (when initiated, frequency, adequacy); other feeds 

Feeding problems, jaundice, eye discharge, fever; current problems 

History of perinatal illness in other siblings 

History of past medical problems, if any 

Socioeconomic status, family support 


Weight, gestation, congenital anomalies, sex assigning, Apgar scores, examination of umbilical vessel, 
and placenta 


Overall appearance: Well or sick looking; alert/unconscious 


Temperature, cold stress; respiratory rate, retractions, grunt/stridor; heart rate, palpable femoral 
arteries; blood pressure, capillary refill time; cry; apneic spells 

Weight, length, head circumference, chest circumference 

Assessment by physical criteria; more detailed assessment by expanded New Ballard examination 


Appropriate/small/large for gestational age; symmetric or asymmetric small for gestational 
age; signs of IUGR 


Head to toe examination for malformations 

Signs of trauma; cephalohematoma 

Cyanosis, jaundice, pallor, bleed, pustules, edema, depressed fontanel 

Caput; eye discharge; umbilical stump; discharge or redness; jitteriness; eye discharge; oral thrush; 


development peculiarities (toxic erythema, Epstein pearls, breast engorgement, vaginal bleeding, 
capillary hemangioma, mongolian spot) 


Observe feeding on breast (check positioning and attachment) 
Moro, grasp, rooting 


Shape; respiratory rate; retractions; air entry; adventitious sounds 

Apical impulse, heart sounds, murmur 

Distension, wall edema, tenderness, palpable liver/spleen/kidneys, any other lump, ascites, hernial 
sites, gonads, genitalia 

Deformities: tests for developmental dysplasia of hip; club foot 

State of consciousness; vision, pupils, eye movements; facial sensation; hearing; sucking and 
swallowing; muscle tone and posture; power, tendon reflexes 


lUGR: Intrauterine growth retardation 


and plethora should be made. One should also look at the 
Spontaneous movements shown by the baby. 


Vital Signs 


Ina sick baby, assessment of vital parameters takes priority 
Over all other examination, Temperature is measured in 


the apex of the baby's axilla by holding the thermometer. 
The finding of hypothermia (temperature of less than 
36.5°C) in neonate has very important connotations, 
Neonates have a normal respiratory rate of 40-60 breaths/ 
minute. The HR is faster in preterm babies compared to 
term babies. The normal HR range is 110-160 beats per 














minute, Bradycardia (rate <100/min) may be associated 
with heart disease while tachycardia (rate >160/min) may 
be due to sepsis, anemia, fever or congestive cardiac 
failure. Capillary refill time is assessed by applying firm 
pressure on the sternum area for 5 seconds than releasing 
and observing the time taken to refill. The refill time is 
prolonged (more than 3 sec) because of poor peripheral 
circulation as in the shock or hypothermia. 


Assessment of Size and Growth 


Depending on the weight, the neonates are termed as low 
birth weight (LBW, less than 2500 g), very low birth weight 
(VLBW, less than 1500 g) or extremely low birth weight 
(ELBW, less than 1000 g). The aberrant growth pattern is 
assessed by plotting the weight against the gestational age 
ona standard intrauterine growth curve (which is different 
from postnatal growth curves for assessing growth after 
birth), as shown in Fig. 9.11. A neonate whose weight falls 
between the 10th and 90th percentile is considered as 
appropriate for gestational age (AGA); if the weight falls 
below 10th percentile, the neonate is classified as small 
for gestational age (SGA); the neonate is classified as large 
for gestational age (LGA), if the weight falls at 90th 
percentile or above for gestational age. The SGA babies 
have grown suboptimally during intrauterine period 
(intrauterine growth restriction, IUGR). These babies have 
thin slender look, loose folds of wrinkled skin, and 
monkey like facies. 








31 32 33 34 35 36 37 38 39 40 41 42 43 44 
Gestation, weeks 


Hg. 9.11: Intrauterine growth curves, SD standard deviation 
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Assessment of Gestational Age 


Based on gestation, neonates can be classified as preterm 
(<37 weeks), post-term (>42 weeks) or term (37-4] 
completed weeks). 

The detailed evaluation requires examination of 
physical features and neurological maturity (Fig. 9.12). The 
scoring system commonly used is the Expanded New 
Ballard Scores (ENBS), which has an accuracy of 1 week. 


Regional General Examination 


Skin and hair: The skin is examined with regard to 
thickness, transparency and edema, rashes and lesions like 
hemangioma. Jaundice is detected by pressing on the skin 
so that the yellow color of subcutaneous tissue due to 
bilirubin deposition is highlighted. The skin may exhibit 
minor clinical problems that are innocuous and self- 
limiting. Ecchymoses or petechiae may relate to birth 
trauma, especially if present on head and neck region. 


Head and fontanel: The size and shape of the head along 
with sutures and fontanelles should be examined 
carefully. The overriding of sutures is due to molding, 
which happen during the Process of vaginal birth. The 
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Fig. 9.12: Salient difference in physical characteristics of preterm and term neonates: (a) Well-curved pinna, cartilage reaching 
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up to periphery; (b) Flat and soft pinna, cartilage not reaching up to periphery; (c) Well-pigmented and pendulous scrotal sacs, 
with fully descended testes; (d) Light pigmentation and not yet descended testes; (e) Deep transverse creases on the soles; (f) Faint 
marks on the sole, no deep creases; (g) Well-formed breast bud (>5 mm); (h) Poorly developed breast bud; (i) Silky halr, where 
individual strands can be made out; (j) Fuzzy hair; (k) Labia majora covering clitoris and labia minora; and (I) Prominent labla 


minora and clitoris 


Characteristic Caput succedaneum 
Incidence Common 
Location Subcutaneous plane 


Time of presentation 
Time course Softens progressively from birth 
and resolves within 2-3 days 
Diffuse; crosses suture line 


None 


Characteristic findings 
Association 


tightly shut while crying (Fig. 9.13). Nose is looked for its 
Size, shape, secretions, patency and flaring. The flaring of 
the nostrils indicates an increase in respiratory efforts 
regardless of the cause. 


The alveolar ridge may have natal teeth or retention 
Cysts (also called Epstein pearls) that disappear in a 


it weeks. It is very important to examine the palate for 
eft. 


Maximum size and firmness at birth 


Table 9.7: Differences between caput succedaneum and cephalohematoma | . , 


Cephalohematoma 
Less common 


Over parietal bones, between skull and periosteum 
Increasing size for 12-24 hours and then stable 
Takes 3-6 weeks to resolve 


Does not cross suture line; has distinct margins 
Linear skull fracture (5-—25%); hyperbilirubinemia 


Subconjunctival hemorrhages are common after vaginal 
delivery and resolve spontaneously. The cornea should 
be clear. Pupils should be equal in size, reactive to light 
and symmetrical. 

Gross hearing is often assessed by looking for blink on 
response to noise. More formal hearing screening for all 
newborns is now recommended. Accessory auricles and 
preauricular tags are common finding that may be 
associated with renal anomalies. 
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Fig. 9.13: (a) Absent depressor anguli orls muscle. Note 
asymmetry of face on crying, presence of nasolabial folds and 
closed eyes. (b) newborn with right-sided lower motor nerve 
facial palsy secondary to forceps application. Note absence 
of nasolabial fold 


Unmbilicus, anus and spine: Inspect the number of vessels 
in the umbilical cord. A single umbilical artery may be 
found in 0.7% of live births; this may be associated with 
renal and gastrointestinal tract anomalies. 

One should palpate the base of the umbilical cord fora 
hernia (Fig. 9.14). The spine should be palpated with a 
finger to exclude spina bifida, masses and any scoliosis. 
The anal opening should be examined for its patency and 
position. Presence of a sinus in the lumbosacral area may 
mark underlying neural tube defect (Fig. 9.15). 


Genitalia (male and female): The genital area is examined 
by the hips abducted in the supine position. The urethra 
and clitoris are examined for patency and cliteromegaly, 
respectively. A hymenal tag may be present in a female 
baby (innocuous finding). 
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Fig. 9.14: Umbilical hernia 





Extremities: One should make sure that the arms and 
limbs are fully movable with no evidence of dislocation 
orasymmetry of movements. The fingers are counted and 


any abnormality noted like nail h 

| ypoplasia, syndactyly, 
polydactyly, oligodactyly or unequal limbs. A calcaneo 
valgus deformity is usually self-correcting within the next 
a few months but equinovarus is much more sinister and 


should be brought t , has 
(Fig. 9.16). nt to the notice of an orthopedic specialist 
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Fig. 9.16: (a) Congenital talipes equinovarus deformity; (b) A 
newborn delivered by extended breech. Note lower limbs with 
extended knees and flexed hips 





Cardiovascular System 


An infant with heart disease manifests with tachypnea, 
cyanosis or both. The position of apical impulse may give 
idea regarding presence of conditions like congenital 
diaphragmatic hernia (CDH) and pneumothorax. Presence 
of a cardiac murmur requires complete evaluation of a 
neonate. Bilateral femoral artery pulsation may be absent 
in the coarctation of aorta. 


Abdomen 


Inspection of abdomen may reveal unusual flatness or 
scaphoid shape of abdomen that may be associated with 
CDH. Visible gastric or bowel patterns may indicate ileus 
or other obstruction. Normally, 1-2 cm of liver, tip of 
the spleen and the lower pole of the left kidney may be 
Palpated. 


Musculoskeletal System 

The common alterations are deformations caused by 
adverse mechanical factors in utero. Most positional 
deformities are mild and resolve in time. The hips are to 


be examined to detect hip problems before permanent 
damage occurs by one year of age. Developmental 
dysplasia of hips (DDH) occurs in 1 of 800 live births, more 
commonly in girls, those with a family history and 
delivered by breech. 


Neurological Examination 


This consists of the assessment of the level of alertness 
and examination of cranial nerves, motor and sensory 
system and neonatal reflexes. 


Cranial nerves: Neonates respond to cotton soaked in 
peppermint by 32 weeks of gestation. By 26 weeks, the 
infant consistently blinks in response to light and by term 
gestation, fixation and following (tested using fluffy red 
yarn ball) is well established. 

By 28 weeks, the infant startles or blinks to loud 
noise. Sucking and swallowing are important aspects 
that should be examined as they give insight into the 
proper functioning of the V, VII, IX, X and XII cranial 
nerves. 

The act of sucking requires the coordinated action of 
breathing, sucking and swallowing. Suck-swallow 
coordination so as to accept paladai feeding is present by 
32 weeks. Suck-swallow and breathing coordination 
occurs by 34 weeks when baby can breastfeed. However, 
perfect coordination of suck-swallow and breathing 
develops only by 38 weeks of gestation. 


Motor examination: By 28 weeks, there is minimal 
resistance to passive manipulation of all the limbs and a 
distinct flexor tone is appreciated in lower extremities by 
32 weeks. By 36 weeks, flexor tone is palpable in both the 
lower and upper extremities. 


Primary neonatal reflexes: Moro reflex is best elicited by 
the sudden dropping of the baby's head in relation to trunk; 
the response consists of opening of the hands and extension 
and abduction of the upper extremities, followed by anterior 
flexion (embracing) of upper extremities with an audible 
cry (Fig. 9.17). The hand-opening is present by 28 weeks, 
extension and abduction by 32 weeks and anterior flexion 
by 37 weeks. Moro reflex disappears by 3-6 months in 
normal infants. The most common cause of depressed or 
absent Moro reflex is a generalized disturbance of the 
central nervous system. An asymmetrical Moro reflex is 
indicative of root plexus injury. 

The palmar grasp is clearly present at 28 weeks of 
gestation and is strong by 32 weeks. This allows the lifting 
of the baby at 37 weeks of gestation. This becomes less 
consistent on development of voluntary grasping by 
4 months. The tonic neck response is another important 
response elicited by rotation of the head, that causes 
extension of the upper extremity on the side to which the 
face is rotated and flexion of the upper extremity on the 
side of the occiput. This disappears by 4 months. 
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a) Abduction and extension of arms is followed by; (b) Adduction and 
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flexion Component. 


(c) Asymetric Moro reflex in brachial plexus injury (Ero's palsy on the right side—the upper limb does not move} 


THERMAL PROTECTION 


Newborn babies are prone to hypothermia as they have 
poor heat regulating mechanisms. The babies have larger 
surface area to their body weight, thin and permeable skin 
and lower subcutaneous fat. The head constitutes a 
significant portion of the newborn's surface area and can 
contribute significantly to overall heat loss. The babies 
have limited heat-generating mechanisms including 
brown fat. After birth, the babies are exposed to outside 
environment, which generally has a lower temperature. 
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Sources of Heat Loss 
Heat loss in a newborn occurs through four ways: 
i. Radiation to surrounding environment not in direct 


contact with baby 
ii. Convection to air flowing in surrounding 
iii. Conduction to substances in direct contact with baby 
iv. Evaporation of amniotic fluid and moisture from baby's 


skin to atmosphere 


Sources of Heat Production 


When exposed to cold environment, the neonate tries to 
generate heat by increasing physical activity (crying, 


increased body movements) and by mounting , 
sympathetic surge that causes cutaneous vasoconstriction 
and generating heat by non-shivering thermogenesis in 
the brown fat. Brown fat is richly vascularized 
sympathetically innervated fat collections located in the 
axillae, groin and nape of the neck, interscapular area and 
perirenal area. Release of norepinephrine uncouples beta- 
oxidation in fat that results in heat production. Blood 
passing through brown fat gets heated up to keep baby 
warm. Preterm and small for gestational age infants have 
scanty brown fat stores. 


Response to hypothermia: Hypothermia-induced 
peripheral vasoconstriction leads to increased metabolism 
with excess oxygen consumption and glucose utilization. 
Switch to anaerobic metabolism in hypothermia causes 
metabolic acidosis (Fig. 9.18). The acidosis induces 
pulmonary vasoconstriction and pulmonary hypertension 
further worsening the hypoxemia. When body temperature 
drops below 32°C, hemoglobin cannot release oxygen 
resulting in tissue hypoxia. The occurrence of hypoxemia, 
bradycardia, hypoglycemia and metabolic acidosis as 4 
result of hypothermia contribute towards increased 
mortality. 


Hypothermia 
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Fig. 9.18: Response to cold stress In sick neonate 


Newborn Infants 





Hyperthermia: Animmature therm 
and reduced ability to sweat pr 
hyperthermia. Factors like overc 
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Definitions 


Thermoneutral environment: Thermoneutral zone refers 
to anarrow range of environmental temperature in which 
a baby has the lowest basal metabolic rate and oxygen 
utilization and the baby has normal body temperature. 
The thermoneutral zone is different for babies of different 
gestation and postnatal a ge. It is higher for lower gestation 
babies, lower for clothed babies, naked babies and during 
initial a few days of life. 


Based on axillary temperature, the disorders can be 
categorized as follows: 


Norntal body temperature: 36.5°C to 37.5°C 
Hypothermia; Less than 36.5°C 

* Cold stress (or mild hypothermia); 36.0 to 36.4°C 
¢ Moderate hypothermia: 32 to 35.9°C 

® Severe hypothermia: <32°C 

Hyperthermia: Greater than 37.5°C 


Measurement of Temperature 


Ideally, a low-reading thermometer (up to 30°C) be used 
for temperature measurement in neonates to correctly 
identify severity of hypothermia. One can get a reasonable 
idea regarding body temperature of a baby by touching 
the baby’s hands and feet and abdomen by back of 
examiner’s hand. If everything appears warm, baby has 
normal temperature. Warm abdomen but cold feet and 
hands indicate mild to moderate hypothermia. Cold feet 
and hands as well as the abdomen would indicate that 
the baby has severe hypothermia. 


Frequency of Measurement 


The frequency of temperature measurement can be once 
daily for healthy babies who are otherwise well, two to 
three times daily for healthy small babies (2 to 2.5 kg), 
four times daily for very small babies (<2 kg) and every 
two hours for sick babies. Mother should be encouraged 
to assess body temperature of the neonate by touching 
the baby, 


Disorders of Body Temperature 


Hypothermia may happen as a result of exposure toa cold 
environment such as low ambient temperature, cold 
Surface, or cold air, or the baby is wet or not clothed 
adequately. Hyperthermia may result, if the infant is 
€xposed to warm environment such as in summers, direct 
sun exposure, or overheating in the incubator or radiant 
Warmer. Hypothermia as well as hyperthermia can also 
Indicate underlying serious illness. 


Hypothermia 
Prevention 


¢ The birthing room should have ambient temperature 
of at least 25°C and should be free from drafts of air 
(keep windows and doors closed). 

« After delivery, the baby should be dried immediately, 
put in skin-to-skin contact on mother's abdomen and 
covered by warm and dry linen. The wet towel should 
be discarded. The baby should be capped and dressed 
adequately (Fig. 9.19). 

e Kangaroo mother care (KMC) is an effective way to 

keep LBW baby warm. 

Frequent breastfeeding is critical to provide energy to 

keep the baby warm. 

e Bathing and weighing are postponed. Term babies can 
be sponged after 24 hours of life in summer months. 
Bathing should be postponed during winters and in 
sick or LBW babies until the umbilical cord falls off (end 
of first week). Dressing the baby in multiple layers of 
warm and light clothes provides better thermal 
protection than a single layer of heavy woolen clothing. 

¢ Mother and baby should be kept on the same bed (co- 
bedding/rooming in). 

¢ Warm transportation: This is the weakest link in the 

warm chain with greatest possibility of severe and 

undetected hypothermia. 

Training/awareness of healthcare providers: Unless 

persons involved in the care of newborns realize the 

implications of hypothermia, it cannot be detected or 
managed effectively. 


Incubators and radiant warmers: These equipment are 
used to assist sick and small neonates maintain their 
normal body temperature (Fig. 9.20). Incubator is a 
transparent acrylic cabin which has warm air circulating 
around the baby to keep him warm. There is an inbuilt 
feedback system (servo-control) that controls ambient 
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Fig. 9.20: (a) An Incubator; and (b) Radiant warmer. Note that 


Incubator Is covered with cloth to prevent excessive light or 
nolse for adequate comfort of the baby 


temperature inside incubator by altering heater output 
based on baby's temperature and thereby maintains the 
temperature of baby in the normal range. 

A radiant warmer is an open system (as compared to 
incubator which is a closed cabinet) and the neonate lies 
on a crib. There is overhead radiant warmer that 
modulates its heater output based on baby’s temperature 
sensed by a skin probe. 

Radiant warmers and incubators should be used in the 
servo-control mode with the abdominal skin temperature 
maintained at 36.5°C to 37°C. 


Signs and Symptoms 


Peripheral vasoconstriction results in acrocyanosis, cool 
extremities and delayed peripheral capillary refill time 
(CRT). The baby becomes restless and then lethargic. 
Chronic or recurrent episodes of hypothermia result in 
poor weight gain. Cardiovascular manifestations may 





Essential Pediatrics 


occur in the form of bradycardia, hypotension, raiseg 
pulmonary artery pressure with resultant hypoxem; 
tachypnea and distress. Presence of lethargy, poor Teflexeg 
decreased oral acceptance and apnea denotes Neurological 
depression. Abdomen distension, vomiting and feedin 
intolerance make enteral intake difficult. Acidosis, hypo. 
glycemia, oliguria, azotemia and generalized bleeding can 
occur in severe cases. Babies who have chronic cold st; ese 
do not gain adequate weight. 


Management 


Methods for temperature maintenance include skin-to. 
skin contact, warm room, radiant warmers, incubators anq 
increasing ambient temperature by use of hot air blowers, 
or a 200 watt bulb. 


Cold Stress or Moderate Hypothermia 


* Remove the baby from the source that may be causing 
hypothermia such as cold environment, cold clothes, 
cold air or wet clothing. 


¢ Initiate skin-to-skin contact, if possible. If not possible 
dress the baby in warm clothing and keep him in a 
warm room. Alternately, a radiant warmer or incubator 
may be used. 


* Monitor temperature frequently. If the temperature of 
baby is not rising, check if adequate amount of heat 
being provided. Sepsis should be suspected 
unresponsive hypothermia. 


Ensure frequent feeding to prevent hypoglycemia. 
Monitor vitals. 


severe Hypothermia 


Remove all wet clothing and place baby in an incubator 
(air temperature 35-36°C), preheated radiant warmer 
or thermostatically controlled heated mattress set at 
37-38°C. Alternately, one may use a room heater. 
Once baby’s temperature reaches 34°C, the rewarming 
process should be slowed down. 

« Temperature is measure 
of temperature has been 
is considered adequate 
is continued 2 hourl 
is attained and ther 
of temperature is n 
heating technique. 


e Provide oxygen, empir; ote | 
shock, IV dextrose Pirical antibiotics, saline bolus if 


and vitamin K. Monitor vitals. 


d every hour for 3 hours. If rise 
by 0.5°C per hour, then heating 
and temperature measurement 
y until normal body temperature 
eafter 3 hourly for 12 hours. If rise 
ot adequate, one should check the 


suggested Reading 


* Guidelines for perinatal ¢ 
of Pediatrics and A are second Edition, American Academy 


Gynecologists, 1998 College of Obstetricians 4" 
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gREASTFEEDING 


Breast milk is an ideal food for neona 
that a mother can give to her baby 
nutrients for normal growth and development of a baby 
from the time of birth to the first 6 months of life. Ensuring 
exclusive breastfeeding for 6 months has a potential to 
reduce under-5 mortality rate by 13%, by far the most 


effective intervention that is known to reduce newborn 
and child deaths. 


To accrue the maximum benefits, the breastfeeding 
must be exclusive (only breast milk; nothing other than 
breast milk except vitamin drops, if indicated), initiated 


within an hour of birth and continued throu 
6 months after birth. 
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Benefits of Breast Milk 


Nutritional superiority: Breast milk contains all the 
nutrients a baby needs for normal growth and 
development, in an optimum proportion and in a form 
that is easily digested and absorbed. 


Carbohydrates: Lactose is in a high concentration (6-7 g/dL) 
in breast milk. The galactose is necessary for formation of 
galactocerebrosides. Lactose helps in absorption of 


calcium and enhances the growth of lactobacilli, the good 
bacteria, in the intestine. 


Proteins; The protein content of breast milk is low 
(0,.9-1.1 g/dL) compared to animal milk. Most of the 
protein is in form of lactalbumin and lactoglobulin (60%), 
which is easily digested. Human milk contains amino 
acids like taurine and cysteine which are necessary for 
neuro-transmission and neuromodulation. These are 
lacking in cow milk and formula. 


Fats: Breast milk is rich in polyunsaturated fatty acids, 
necessary for the myelination of the nervous system. It 
also contains omega 2 and omega 6 (very long chain) fatty 
acids, which are important for the formation of prosta- 
glandins and cholesterol. 


Vitamins and minerals: The quantity and bioavailability 
of vitamins and minerals is sufficient to the needs of the 
baby in the first 6 months of life. 


Water and electrolytes; Breast milk has a water content 
of 88% and hence a breastfed baby does not require any 
additional water in the first few months of life even during 
summer months. 


Immunol ogical superiority: Breast milk contains a number 
of protective factors which include immunoglobulin— 
Mainly secretory IgA, macrophages, lymphocytes, 
lactoferrin, lysozyme, bifidus factor and interferon among 
others, A breastfed baby is 14 times less likely to die of 

larrhea and almost four times less likely to die of 
'espiratory infection. 


Other benefits: Breast milk contains a number of growth 
actor, enzymes and hormones. The epidermal growth 
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factor in breast milk enhances maturation of the intestinal 
cells and reduces the risk of allergy in later life. Enzymes 
like lipases increase the digestion of fats in the milk. 


Protection against other illness: Breastfed babies have a 
lower risk of allergy, ear infections and orthodontic 
problems. They havea lower risk of diabetes, heart disease 
and lymphoma in later life. 


Mental growth: Babies who are breastfed are better 
bonded to their mothers. Studies have shown that babies 
who were breastfed had a higher IQ than those babies 
who were given other forms of milk. 


Benefits to mother: Breastfeeding soon after birth helps 
uterine involution, reducing chances of postpartum 
hemorrhage. It provides protection against pregnancy due 
to lactational amenorrhea. If the mother has been 
exclusively breastfeeding her baby and has not resumed 
menses, then there is no need for any other contraception 
during initial 6 months after delivery. 

Breastfeeding is most convenient and time saving. It 
reduces the risk of cancer of breast and ovary. Breast- 
feeding is the most effective way of shedding extra weight 
that mother has gained during pregnancy. 


Breast Anatomy 


The breast is made up of glandular tissue, supporting 
tissue and fat (Fig. 9.21). The glandular tissue consists of 
small clusters of sac-like spaces which produce milk. Each 
sac is lined by network of myoepithelial cells that propel 
the milk into lactiferous ducts towards nipple. Before 
reaching the nipple, the ducts widen to form lactiferous 
sinuses which store milk. The lactiferous sinuses lie 
beneath the junction of areola and rest of breast. 

The areola and nipples are extremely sensitive as they 
are supplied by a rich network of nerve endings. On the 
areola, there are small swellings of glands which produce 
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Fig. 9.21: Anatomy of breast 
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an oily fluid to keep the nipple skin soft. Since the 
lactiferous sinuses lie beneath the areola, a baby must suck 
at the nipple and areola. The gum line of the baby should 
rest at the junction of areola and rest of breast tissue in 
order to express milk stored in lactiferous sinuses. 


Physiology 
Lactogenesis is a complex phenomenon involving many 
hormones and reflexes. Two hormones are most 
important, prolactin and oxytocin. 


Prolactin reflex (milk secretion reflex): Prolactin produced 
by the anterior pituitary gland is responsible for milk 
secretion by the alveolar epithelial cells (Fig. 9.22a). When 
the baby sucks, the nerve ending in the nipple carry 
impulse to the anterior pituitary which in turn release 
prolactin and that acts on the alveolar glands in the breast 
to stimulate milk secretion. 

This cycle from stimulation to secretion is called the 
prolactin reflex or the milk secretion reflex. The more the 
baby sucks at the breast, the greater is the milk production. 
The earlier the baby is put to the breast, the sooner this 
reflex is initiated. The greater the demand more is the pro- 
duction. It is, therefore, important for mothers to feed 
early, frequently and empty out the breasts completely at 
each feeding session. Since prolactin is produced during 
night-time, breastfeeding during night is very important 
for maintenance of this reflex. 


Oxytocin reflex (milk ejection reflex): Oxytocin is a 
hormone produced by the posterior pituitary. It is 
responsible for ejection of the milk from the glands into 
the lactiferous sinuses. This hormone is produced in 
response to stimulation to the nerve endings in the nipple 
by suckling as well as by the thought, sight, or sound of 
the baby (Fig. 9.22 b and c). Since this reflex is affected by 
the mother’s emotions, a relaxed, confident attitude helps 
the milk ejection reflex. On the other hand, tension and 
lack of confidence hinder the milk flow. 


Factors which reduce milk production are: 

Using dummies, pacifiers and bottles not only interfere 
with breastfeeding but also predispose the baby to 
diarrhea. 

Giving supplements such as sugar water, gripe water, 
honey, breast milk substitutes or formula, either as 
prelacteal(before initiation of breastfeeding) or 
supplemental (concurrent to breastfeeding) feeds. 
Studies have reported that even 1 or 2 supplemental 
feeds reduce the chances of successful breastfeeding. 
Painful breast conditions like sore or cracked nipples 


and engorged breast. 
¢ Lack of night feeding, as the prolactin reflex is not 
adequately stimulated. 
Inadequate emptying of breast such as when baby is 
sick or small and the mother does not manually express 
breast milk or when baby is fed less frequently. 
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Reflexes in the Baby 


A baby is born with certain reflexes which help the baby 
to feed. These include rooting, suckling and swallowing 
reflexes. 


The rooting reflex: When cheek or the side of the mouth is 
touched, the baby opens her mouth and searches for the 
nipple. This is called rooting reflex. This reflex helps the baby 
to find the nipple and in proper attachment to the breast. 


The suckling reflex: When baby’s palate is touched with 
nipple, the baby starts sucking movements. This reflex is 
very strong immediately after birth. The suckling reflex 
consists of: 


e Drawing in the nipple and areola to form an elongated 
teat inside the mouth. 

¢ Pressing the stretched nipple and areola with the jaw 
and tongue against the palate. 

e Drawing milk from the lactiferous sinuses by wave- 
like peristaltic movement of the tongue underneath the 
areola and the nipple and compressing them against 
the palate above. 

To suckle effectively, the baby has to attach (latch) well. 
Obtaining good attachment at breast is a skill, which both 
the mother and the baby have to learn. 

The method of suckling at the breast and bottle is 
entirely different. Suckling on a bottle filled with milk is a 
passive process and the baby has to control the flow of milk 
into the mouth with her tongue. While breastfeeding requires 
active efforts by the baby. A bottlefed baby develops 
nipple confusion and refuses to feed on the breast. Single 
session of bottle-feeding lessens the chances of successful 
breastfeeding. Bottle-feeding of babies is fraught with risk 
of serious infections and consequent ill-health. 


The swallowing reflex: When the mouth is filled with milk, 
the baby reflexly swallows the milk. It requires a couple 
of suckles before baby can get enough milk to trigger 
swallowing reflex. It requires coordination with breathing. 
The suckle-swallow-breathe cycle lasts for about one 
second. 


Composition of Breast Milk 


The composition of breast milk varies at different time 
Points of lactation to suit the needs of the baby. Milk of a 
mother who has delivered a preterm baby is different from 
milk of a mother delivered a term baby. 

i. Colostrum is the milk secreted during the initial 34 days 
after delivery. It is small in quantity, yellow and thick 
and contains large amount of antibodies and immuno- 
competant cells and vitamins A, D, E and K. 

il. Transitional milk is the milk secreted after 3-4 days until 
two weeks. The immunoglobulin and protein content 

__ decreases while the fat and sugar content increases. 

'. Mature milk follows transitional milk. It is thinner and 
Watery but contains all the nutrients essential for 
optimal growth of the baby. 
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iv. Preterm milk is the milk of a mother who delivers before 
37 weeks. It contains more proteins, sodium, iron, 
immunoglobulins and calories as per the requirement 
of preterm baby. 

v. Foremilk is the milk secreted at the start of a feed. It is 
watery and is rich in proteins, sugar, vitamins, minerals 
and water that quenches the baby’s thirst. 

. Hindmilk comes later towards the end of feed and is 
richer in fat that provides more energy and gives a 
sense of satiety. Thus, the composition of milk also 
varies during the phase of feeding. For optimum 
growth, the baby needs both fore- as wel] as hind-milk. 
Therefore, the baby should be allowed to empty out 
one breast completely before switching over to the 
other. 


es 
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Technique of Breastfeeding 


Mothers require substantial assistance to learn the technique 
of breastfeeding. With correct technique, breastfeeding is 
natural and a pleasurable experience for the mother. 
However, a variety of breastfeeding problems do occur 
in large proportion of mothers that require counseling and 
support from the health providers for their prevention and 
appropriate treatment. 


Positioning 


Position of the mother: The mother can assume any 
position that is comfortable to her and the baby. She can 
sit or lie down. Her back should be well supported and 
she should not be leaning on her baby (Fig. 9.23). 
Position of baby: Make sure that baby is wrapped 
properly in a cloth 
i. Baby’s whole body is supported not just neck or 
shoulders. 
ii. Baby's head and body are in one line without any twist 
in the neck. 
ili. Baby’s body turned towards the mother (abdomens 
of the baby and the mother touching each other). 
iv. Baby’s nose is at the level of the nipple. 


Attachment (Latching) 


After proper positioning, the baby’s cheek is touched and 
that initiates rooting reflex. Allow the baby to open his 
mouth widely and at that point, the baby should be latched 
onto the breast ensuring that the nipple and most of the 
areola are within baby’s mouth (Fig. 9.24). It is important 
that the baby is brought on the mother's breast and mother 
should not lean onto baby. 


Signs of Good Attachment 


i. The baby’s mouth is wide open. 
li. Most of the nipple and areola in the mouth, only upper 
areola visible, not the lower one. 
iii. The baby’s chin touches the breast. 
iv. The baby’s lower lip is everted. 
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Fig. 9.24: Good attachment 


Effective Suckling 


¢ Baby suckles slowly and pauses in between to swallow 
(suck, suck, suck.. and swallow). One may see throat 
cartilage and muscles moving and hear the gulping 
sounds of milk being swallowed. 

¢ Baby's cheeks are full and not hollow or retracting 
during sucking. 


Problems in Breastfeeding 


Inverted nipples: Flat or short nipples which become promi- 
nent easily on pulling out do not pose difficulty in breast- 
feeding. However, truly inverted or retracted nipples make 
latching difficult. As the baby is not able to take nipple 
and areola in the mouth properly, sucking on the nipples 
makes them sore and excoriated. Treatment is started after 
birth of the baby. The nipple is manually everted, stretched 
and rolled out several times a day. A plastic syringe is 
used to draw out to correct the problem (Fig. 9.25). 


Sore nipple: Nipples become sore when baby suckles on 
the nipple rather than areola because of incorrect 
attachment. As the baby is unable to express milk, he sucks 
vigorously in frustration and bites the nipple causing 
soreness. Frequent washing with soap and water and 
pulling the baby off the breast while he is still sucking 
may also result in sore nipple. Treatment consists of correct 
positioning and latching of the baby to the breast. A 
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Fig. 9.25: Syringe treatment for inverted/flat nipple 


mother would be able to feed the baby despite sore nipple, 
if the baby is attached properly. Hindmilk should be 
applied to the nipple after a feed and the nipple should 
be aired and allowed to heal in between feeds. She should 
be advised not to wash nipple each time before/after 
feeding. She can clean breast and nipple once daily at time 


of bathing. There is no need to apply any cream 0! 
ointment to the sore nipples. 


Breast engorgement: The milk production increases by the 
second and third day after delivery. If feeding is delayed 
* infrequent, or the baby is not well positioned at the 
eae the milk accumulates in the alveoli. As milk 
production increases, the amount of milk in the brea 
Sata ce capacity of the alveoli to store it comfortably: 
ae i reast becomes swollen, hard, warm and pai 
ermed as an ‘engorged breast’ (Fig. 9.26). 
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Breast engorgement can be prevented by early and 
frequent feeds and correct attachment of the baby to the 
breast. Treatment consists of local warm water packs, 
breast massage and analgesics to relieve the pain. Milk 
should be gently expressed to soften the breast. 


Breast abscess: If a congested engorged breast, cracked 
nipple, blocked duct or mastitis are not treated in the early 
stages, breast abscess formation can occur. The mother 
has high grade fever and a raised blood count. She must 
be treated with analgesics and antibiotics. The abscess may 


require incision and drainage. Breastfeeding must be 
continued. 


Not enough milk: First make sure that the perception of 
“not enough milk” is correct. If baby is satisfied and 
sleeping for 2-3 hours after breastfeeding, passing urine 
at least 6-8 times in 24 hours and gaining weight, the 
mother is producing enough milk. There could be a 
number of reasons for insufficient milk such as incorrect 
method of breastfeeding, supplementary or bottle-feeding, 
no night breastfeeding, engorgement of breast, any illness, 
painful condition, maternal stress or insufficient sleep. Try 
to identify the possible reason and take appropriate 
actions. Advise mother to take sufficient rest and drink 
adequate fluids. Feed the baby on demand. Let the baby 
feed as long as possible on each breast. Advise the mother 
to keep the baby with her. 


Expressed Breast Milk (EBM) 


If a mother is not in a position to feed her baby (e.g. ill 
mother, preterm baby, working mother, etc.), she should 
express her milk in a clean wide-mouthed container and 
this milk should be fed to her baby. EBM can be stored at 
room temperature for 6-8 hours, in a refrigerator for 
24 hours and a freezer at —-20°C for 3 months. 


Method of Milk Expression 


Ask the mother to wash her hands thoroughly with soap 
and water before she expresses. She should make herself 
comfortable. Gently massage the breast (Fig. 9.27). Hold 
the container under her nipple and areola. Place her thumb 
on top of the breast at least 4 cm from the tip of the nipple 
and the first finger on the undersurface of the breast 
opposite the thumb. Compress and release the breast 
tissue between her fingers and thumb a few times. 

If the milk does not appear, she should reposition her 
thumb and finger closer to the nipple and compress and 
release the breast as before. Compress and release all the 
way around the breast. Express milk from both breasts. 

To maintain adequate lactation, mother should express 
milk at least 8 to 10 times in 24 hours. 


CARE OF LOW BIRTH WEIGHT BABIES 


Low birth weight (LBW; birth weight less than 2500 g) 
babies have higher morbidity and mortality. LBW results 
om either preterm birth (before 37 completed weeks of 











Fig. 9.27: Four steps of breast milk expression. Step 1: Massage 
the breasts gently toward the nipples; Step 2: Place the thumb 
and Index finger opposite each other just outside the dark circle 
around the nipple; Step 3: Press back toward the chest, then 
gently squeeze to release milk; Step 4: Repeat step 3 in different 
positions around the areola 


gestation) or due to intrauterine growth restriction (IUGR) 
or both. 

IUGR is similar to malnutrition and may be present in 
both term and preterm infants. Neonates affected by IUGR 
are usually undernourished and have loose skin folds on 
the face and in the gluteal region (Fig. 9.28), absence of 
subcutaneous fat and peeling of skin. Problems faced by 
a preterm and IUGR neonate are different, although the 
management principles are common to both (Table 9.8). 

IUGR results when the fetus does not grow as per the 
normal fetal growth trajectory. Fetal growth restriction 
results from one or more adverse factors that affect the 
normal growth pattern of the fetuses. There are two types 
of IUGR babies: 
¢ Symmetric IUGR: When insult on the fetal growth occurs 

early. The size of the head, body weight and length are 

equally reduced. Causes include genetic and 
chromosomal disorders or TORCH infections. 
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Fig. 9.28: Baby with intrauterine growth retardation showing 
many loose folds of skin 


‘Table 9.8: Major problems in preterm babies and those with. 
intrauterine growth retardation (IUGR) | 
Preterm babies 

Hypothermia 

Perinatal asphyxia 

Respiratory (hyaline membrane disease, pulmonary hemorr- 
hage, pneumothorax, bronchopulmonary dysplasia, pneumonia) 
Bacterial sepsis 

Apnea of prematurity 

Metabolic (hypoglycemia, hypocalcemia) 

Hematologic (anemia, hyperbilirubinemia) 

Feeding problems and poor weight gain 


Babies with IUGR 
Perinatal asphyxia 
Meconium aspiration 
Hypothermia 
Hypoglycemia 

Feed intolerance 
Polycythemia 

Poor weight gain 


e Asymmetric IUGR: The insult on the fetal growth occurs 
during late gestation producing a brain sparing effect. 
Head circumference is relatively preserved compared 
to length and weight. Causes include placental 
insufficiency, pregnancy-induced hypertension or 
maternal medical diseases. 


Small for gestational age (SGA): It isa statistical definition 
and denotes weight of infant being less than 2 standard 
deviation or less than the 10th percentile of the population 
norms (plotted on intrauterine growth chart). For the 
practical purpose, SGA and IUGR are considered 


synonymous. 
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Issues in LBW Care sie ee 
sual morbidities a ecting NeOnate, 
Besides the usual mot vestation, LBW may bie 


irrespective of weig n¢ 
sadiviona! problems requiring special care. 


Resuscitation 


Problems ' 
¢ Compromised intrauterine environment with higher 


chances of perinatal asphyxia. 
Preterm babies have immature lungs that may be mo;, 


difficult to ventilate. . | 
Immature blood vessels in the brain are prone t, 


hemorrhage. . 
Thin skin and a large surface area, which contribute ty 


rapid heat loss. 
Increased risk of hypovolemic shock caused by smajj 


blood volume. 


Management 
¢ Adequate preparation for higher need for resuscitation 


° Gentle resuscitation using small bags for positive 
pressure ventilation, use of CPAP 
¢ Take extra care to avoid hypothermia 


Temperoture Contro/ 

Problems 

* Higher surface area to body weight ratio 
¢ Low glycogen stores 

¢ Low subcutaneous fat 


Management 

* Frequent monitoring and educating parents 

* Special attention to maintenance of the warm chain 
* Kangaroo mother care 


Flulds and Feeding 


These have been discussed under the section on feeding. 


Infection 
Problems 
* Immature defenses 


° Greater probability of invasive interventions like 
mechanical ventilation, umbilical vessel catheterization. 


Management 


° Strict adherence to asepsis, hand hygiene 
* Minimal handling of babies 


* High index of sus ici se of 
Be ee Picion of sepsis, rationale u 

Sevbasing “Xposure to adults/other children with 

Ommunicable diseases Particularly respiratory: 

Metabolic Derangements 

Problems 

> by aoa glycogen Stores with rapid depletion in stress 
Places these infants at increased risk of hypoglycemi# 
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« Immature glucose homeostatic mechanisms in 
premature babies can also lead to decreased inability 
to utilize glucose and resultant hyperglycemia 
especially during stressful periods like infection. 
Early onset hypocalcemia: Presenting within 3 days of 
life and is usually asymptomatic, detected on investi- 
gation. It is especially seen in premature babies, infants 
of diabetic mothers and those with birth asphyxia 
Late onset hypocalcemia presents as classical ‘neonatal 
tetany, jitteriness and seizures. Feeds with higher 
phosphate load such as cow milk and some formulae, 


result in hyperphosphatemia with subsequent hypo- 
calcemia. 


KANGAROO MOTHER CARE 


Kangaroo mother care (KMC) refers to care of preterm or 
low birth weight infants by placing the infant in skin-to- 
skin contact with the mother or any other caregiver. 
Initially conceived as an alternative to conventional 
warmer care for LBW infants, KMC has now become 
standard of care either as an alternative to or an adjunct 
to technology-based care. 

KMC was first suggested in 1978 by Dr Edgar Rey in 
Bogota, Colombia. The term kangaroo care is derived from 
practical similarities to marsupial caregiving, i.e. the infant 
is kept warm in the maternal pouch and close to the breasts 
for unlimited feeding. 

The key features of KMC include: 
¢ Started early after birth and ideally provided 

continuously and for prolonged period 
¢ Exclusive breastfeeding 
¢ Initiated in the birthing facility/hospital, the baby is 

discharged early and the KMC continued at home 

Adequate support is provided to the mothers to provide 
KMC at home. Other caregivers also provide KMC to the 
baby so as give break to mothers. Most published 
experience and research concerning KMC comes from 
health facilities, 

Evidence shows that KMC: 

* Is as good as incubator care in terms of safety and 
thermal protection 


* Improves breastfeeding rate 

* Reduces various severe morbidities 

* Contributes to the humanization of neonatal care and 
to better bonding between mother 

* Can safely be considered a modern method of care in 
any setting, even where expensive technology and 
adequate care are available. 


Criteria for Eligibility 
Baby 


KMC is indicated in all stable LBW babies (Fig. 9.29). 
However, sick babies should be cared under radiant 
warmer initially and KMC should be started once the baby 
is hemodynamically stable. Short KMC sessions can be 
initiated during recovery with ongoing medical treatment 
(IV fluids, oxygen therapy). KMC can be provided while 
the baby is being fed via orogastric tube or on oxygen 
therapy. 


Mother 


All mothers can provide KMC, irrespective of age, parity, 
education, culture and religion. The mother should be free 
from serious illness to be able to provide KMC. She should 
maintain good hygiene. 


Initiation of KMC 


Counseling: When baby is ready for KMC, arrange a time 
that is convenient to the mother and her baby. The first 
few sessions are important and require extended 
interaction. Demonstrate her the KMC procedure in a 
caring, gentle manner and with patience. Encourage her 
to bring her mother/ mother-in-law, husband or any other 
member of the family. It helps in building positive attitude 
of the family and ensuring family support to the mother. 
Mother's clothing: KMC can be provided using any front- 
open, light dress as per the local culture. KMC works well 
with blouse and sari, gown or shawl (Fig. 9.30). Suitable 
apparel that can retain the baby for extended period of 
time can be adapted locally. 


Baby's clothing: Baby is dressed with cap, socks, nappy 
and front open sleeveless shirt. 
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Fig. 9.29: Kangaroo mother care (KMC) protocol! 
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Procedure 


Kangaroo positioning: The baby should be placed between 
the mother’s breasts in an upright position (Fig. 9.31). The 
head should be turned to one side and in a slightly 
extended position. This slightly extended head position 
keeps the airway open and allows eye-to-eye contact 
between the mother and her baby. The hips should be 
flexed and abducted ina ‘frog’ position; the arms should 
also be flexed. Baby’s abdomen should be at the level of 
the mother’s epigastrium. Mother’s breathing stimulates 
the baby, thus reducing the occurrence of apnea. Support 
the baby's bottom with a sling or binder. 


Monitoring: Babies receiving KMC should be monitored 
carefully, especially during the initial stages. The baby's 
neck position is neither too flexed nor too extended, 


breathing is regular, color is pink and baby is maintaining 
temperature. 


Feeding: The mother should be explained how to 
breastfeed while the baby is in KMC position. Holding 
the baby near the breast stimulates milk production. She 
may express milk while the baby is still in KMC position. 
The baby could be fed with paladai, spoon or tube, 
depending on the condition of the baby. 


Privacy: The staff must respect mother’s sensitivities in this 
regard and ensure culturally acceptable privacy standards 
in the nursery and the wards where KMC is practiced. 


Duration: Skin-to-skin contact should start gradually in 
the nursery, with a smooth transition from conventional 
care to continuous KMC (Fig. 9.32). Sessions that last less 
than one hour should be avoided because frequent 
handling may be stressful for the baby. The length of skin- 
to-skin contact should be gradually increased up to 
24 hours a day, interrupted only for changing diapers. 





Fig. 9.31: Kangaroo positioning 


Fig. 9.32: Kangaroo mother care being provided to extremely 
low birth weight babies 


When the baby does not require intensive care, she should 


be transferred to the postnatal ward where KMC should 
be continued. 


The mother can sleep with baby in KMC position in 
reclined or semirecumbent position about 30° from 
horizontal. This can be done with an adjustable bed or 
with pillows on an ordinary bed. A comfortable chair 


with an adjustable back may be used for resting during 
the day. 


When to Stop KMC 


KMC is continued till the baby finds it comfortable and 
cosy. KMC is unnecessary once the baby attains a weight 
of 2500 g and a gestation of 37 weeks. A baby who, upon 
being put in the kangaroo position, tends to wriggle out, 


pulls limbs out, or cries or fusses is no longer in need of 
KMC. 














FLUID AND ELECTROLYTE MANAGEMENT 


Transition from fetal to extrauterine life is accompanied 
by remarkable changes in body fluid composition. 
Neonates are born with an excess of total body water 
(TBW) primarily in the extracellular fluid (ECF) 
compartment. This excess of TBW is normally lost by 
diuresis during first week of life. Term neonates lose about 
7-10% of body weight during first 3 to 5 days of life. 
Preterm neonates have proportionately higher TBW and, 
therefore, may lose up to 10-15% of birth weight during 
first week of life. 

The heart, kidneys, the skin and the neuroendocrine 
system regulate fluid and electrolyte balance in neonates. 
In neonates, kidneys have a limited capacity to concentrate 
or dilute urine due to lower glomerular filtration rate and 
reduced proximal and distal tubular sodium reabsorption. 
In addition to water loss by the kidneys and 
gastrointestinal system, additional water losses occur due 
to evaporation from the skin and respiratory tract 
(insensible water loss; IWL). IWL is higher in preterm 
infants owing to thin skin. Fever, increased respiratory 
rate, radiant warmers and phototherapy increase IWL. 


Guidelines for Fluid Therapy 


Healthy babies of 1200 g or more should be started on 
enteral feeding with breast milk. A baby of 1800 g or more 
would be able to breastfeed directly while a smaller baby 
may require expressed breast milk fed by suitable alternate 
route. 

Intravenous (IV) fluid therapy: IV fluids are indicated 
when baby is either small or sick. Babies less than <28 
weeks should be started on IV fluids routinely. Sick babies 
(irrespective of weight or gestation) such as those with 
respiratory distress, significant asphyxia, feed intolerance, 
hemodynamic instability, gastrointestinal malformations 
(like tracheoesophageal fistula, intestinal atresia, etc.) or 
any other severe illness precluding oral feeding should 
be given IV fluids. Peripheral intravenous line is the most 
common route used to provide fluids. Fluid requirement 
is calculated based on birth weight, day of life and the 
current fluid balance. 


Babies with birth weight >1500 g: Infants on IV fluids 
require to excrete a solute load of about 15 mOsm/kg/ 
day in the urine. To excrete this solute load at a urine 
osmolarity of 300 mOsm/L, the infant would have to pass 
a minimum of 50 mL/kg/day of urine. Allowing for an 
additional IWL of 20 mL/kg, the initial fluids should be 
60-80 mL/kg/day (Table 9.9). The initial fluids should 
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Babies with birth weight <1500 g: The urine output ip 
these babies is similar to a baby of 1500 g Or more, 
However, the fluid requirement Is higher due we Increased 
IWL. These babies need 80 mL/ kg/day of 10 "0 dextrose 
on day 1 of life (Table 9.9). The babies should ideally be 
dressed including provision of caps and socks to reduce 
the IWL under the radiant warmer. As the skin matures, 
the IWL progressively decreases and fluid requirement 
becomes similar to bigger babies. Fluids need to be 
increased at 10-15 mL/kg/day up to a maximum of 150 
mL/kg/day by 5th to 7th day. Sodium and potassium 
should be added to IV fluids after 48 hours. 

Problems with IV fluid therapy include local and 
systemic infection, phlebitis, fluid overload and extra- 
vasation. Because IV fluid therapy is a major risk factor 
for nosocomial infection, all asepsis precautions must be 
followed during insertion of IV cannula or administering 
fluids. Oral feeds should be started at the earliest possible 
opportunity when clinical condition of neonate improves 
and IV fluid should be stopped when oral feeds constitute 
about two-thirds of daily fluid requirement. IV sites 
should be inspected frequently to timely detect 
extravasation. 

Calculation of fluids for a 1250 g baby: 

* Day 1: 100 mL (80 mL/kg) to be infused at 4.2 mL/hr 
* Day 2: 120 mL (95 mL/kg) to be infused at 5.0 mL/hr 


require 


Monitoring of Fluid and Electrolyte Status 


Fluid therapy should be monitored every 12 to 24 hours 
in a baby on IV fluids using following parameters: 


Body weight: Serial weight measurements can be used as 
a guide to estimate the fluid deficit in newborns. Term 
neonates lose 1-3% of their birth weight daily with a 
cumulative loss of 5-10% in the first week of life. Preterm 
neonates lose 2-3% of their birth weight dail with a 
cumulative loss of 10-15% in the first week of ae. Failure 
t week of ]i indicator 
of excessive fluid administration, Het 
weight loss (>3% in 24 hours) in the first 5-7 days or later 
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would be non-physiological and would merit correction 
with fluid therapy. 


Clinical examination: The usual physical signs of 
dehydration are unreliable in neonates. Infants with 10% 
(100 mL/kg) dehydration may have sunken eyes and 
fontanel, cold and clammy skin, poor skin turgor and 
oliguria. Infants with 15% (150 mL/kg) or more 


dehydration would have Signs of shock (hypotension, 
tachycardia and weak pulses). 


Urine output: A well-hydrated baby would pass urine at 
1 to3 mL/kg/hr. 
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Feeding of LBW Babies 


Nutritional management influences immediate survival 
as well as subsequent growth and development of LBW 
infants. Early nutrition could also influence the long-term 
neurodevelopmental outcomes. 

Term infants with normal birth weight require some 
assistance for feeding in the immediate postnatal period, 
but they are able to feed directly from mothers’ breast. 
In contrast, feeding in LBW infants has following 
limitations: 

i. Over one-third of LBW infants are born at preterm with 
inadequate feeding skills. They might not be able to 
breastfeed efficiently and require alternate methods 
of feeding such as spoon or gastric tube feeding. 


ii. Many LBW babies have significant illnesses during 
first few days of life interfering enteral feeding. 

iii. Preterm infants have higher fluid requirements in the 
first few days of life due to higher insensible water 
loss. 


iv. Since intrauterine accretion of many nutrients occurs 
mainly in third trimester, preterm infants (particularly 
those born before 32 weeks of gestation) have lower 
body stores of these nutrients at birth, which 
necessitates supplementation in the postnatal period. 


v. Because of the gut immaturity, they are more likely to 
experience feed intolerance necessitating adequate 
monitoring and treatment. 


Methods 


Direct and exclusive breastfeeding is the goal of feeding 
all LBW infants. However, because of the various 
limitations, not all LBW infants would be able to accept 
breastfeeding at least during the initial a few days after 
birth. These infants have to be fed by either spoon/paladai 
or gastric tube (gavage) feeding. The babies not able to 


ae any enteral feeding at all require intravenous (IV) 
uids. 


The appropriate method of feeding in an LBW infant is 
decided by following factors: 
* Whether the infant is sick or not; and 
* Feeding ability of the infant 


Level of Sickness 


It is essential to categorize LBW infants into two major 
groups, sick and healthy, before deciding the initial 
method of feeding. 


Sick infants: This group constitutes infants experiencing 
various significant illnesses such as respiratory distress 
requiring assisted ventilation, shock, seizures, etc. These 
infants generally require IV fluids. Enteral feeds are 
initiated as soon as they reasonably recover from the 
illness and are hemodynamically stable. The choice of 
feeding method depends on the infants’ gestation and 
clinical condition. 

The enteral feeding is important for sick neonates and 
not be delayed without a valid reason. The infants with 
respiratory distress receiving mechanical ventilation can 
be fed enterally once the acute phase is over. Similarly, 
sepsis (unless associated with shock/sclerema/NEC) is 
not a contraindication for enteral feeding. 


Healthy LBW infants: Enteral feeding should be initiated 
immediately after birth in healthy LBW infants with the 
appropriate feeding method determined by their oral 
feeding skills and gestation. 


Abllity to Feed 


Breastfeeding requires effective sucking, swallowing and 
a proper coordination between suck/swallow and 
breathing. These complex skills mature with increasing 
gestation. A robust sucking pattern is not present until 
32-34 weeks gestation. A coordination between sucking, 
swallowing and breathing does not mature until 34 weeks 
of gestation and it fully matures by 37 to 38 weeks of 
gestation. The maturation of oral feeding skills and the 
choice of initial feeding method at different gestational 
ages are summarized in Table 9.10. 

Not all infants born at a particular gestation would have 
same feeding skills. Hence, the feeding method in an infant 
is individualized based on the feeding skills (Fig. 9.33). 

Stable LBW infants, irrespective of their initial feeding 
method, should be offered direct breastfeeding. This helps 
in faster acquisition of feeding skills of smaller preterm 
infants and improves milk production in their mothers 
(non-nutritive sucking). Figure 9.34 shows the method of 
paladai and gastric tube (gavage) feeding. 


Progression of Oral Feeas 


All LBW infants, irrespective of their gestation and birth 
weight, should ultimately be able to feed directly from 
the mothers’ breast. For preterm LBW infants, the 
progression to direct and exclusive breastfeeding is 
summarized in Fig. 9.35. 
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Ms Table 9.10: Maturation of oral feeding skills and the choice of initial tee ding method ba 
tial fee 
Gestational age, weeks Maturation of feeding skills vine nous fluids 
e 
<28 weeks Inadequate sucking efforts ae 
Lack of propulsive gut motility asogastric tube feeding vw; 
; Orogastric orn g 9 With 
28-31 weeks Sucking bursts develo ; j 
Lack A coordination satiiben suck/ occasional spoon OF paladai feeding 
swallow and breathing ladai 
spoon or paladal 
32-34 weeks Slightly mature sucking pattern Feeding by SP 
Coordination between breathing and 
swallowing begins 
Pati Breastfeeding 


>34 weeks Mature sucking pattern 
Coordination between breathing 
and swallowing 






Initiate breastfeeding 












Observe if: 
Positioning and attachment are good 
Able to suck effectively and long enough 

(about 10-15 min) 














32-34 weeks 












Breastfeeding Start feeds by spoon or paladai 

Observe if: 
Accepting well without spilling/coughing 
Able to accept adequate amount 











28-31 weeks 





Spoon or paladai feeding 





Fig. 9.33: Choosing initial methods of feeding 








a er ee nn er ee 1 ? 

a, ae eit lk eet tt - i bate LBW infants started on IV fluids (because of their 

pa Frei, peas ened sickness) can be put on the breast once they are hemo 
dynamically stable. 








Choice of Milk 


All LBW infants, irrespective of their initial feeding 

method should receive only breast milk. This can ee 

sniils by Siving expressed breast milk (mothers' ow? 
or those infants fed by paladai or gastric tube. 


Expressed breast milk 
E i 
counseled and support (EBM): All mothers acon fot 





colostrum. Thereafter, it sho 


| r 
Fig. 9.34: (a) Paladal feeding; (b) Gavage feeding ensuring good lact uld be done 2-4 hourly £0 


ation in the mother. Expressed breast 


Infant on IV fluids _ 
If hemodynamically stablo 
Start trophic feeds by orogastric tube 
and monitor for feed intolerance 


If accepting well 


Gradually increase the feed volume, 
taper and stop IV fluids 
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Infant on orogastric tube feeds 


At 30-32 weeks’ gestational age 


Try spoon feeds once or twice a day 
Also put on mother's breast and allow non-nutritive suckling 


If accepting spoon feeds wall 


Gradually increase the frequency 


and amount of spoon feeds 
Reduce orogastric feeds accordingly 


oN 


Infant on spoon or paladai feeds 


Put them on mother's breast before each feed 
Observe for good attachment and effective sucking 


lf able to breastfeed effectively 


Taper and stop spoon feeds 
once the mother is confident 





Fig. 9.35: Progression of oral feeding in preterm LBW infants. Term and near-term sick Infants started on intravenous (IV) fluids can 
be initiated on breastfeeding once they are hemodynamically stable 


milk can be stored for about 6 hours at room temperature 
and for 24 hours in domestic refrigerator (2° to 8°C). 
The steps of breast milk expression are given in Fig. 9.27. 


Sick mothers/contraindication to breastfeeding: In these 
rare circumstances, the options available are: 
i. Formula feeds: 
a. Preterm formula in VLBW infants, and 
b. Term formula in infants weighing 1500 g or more 
at birth 

ii, Animal milk, e.g. undiluted cow milk 

Once the mother's condition becomes stable (or the 
contraindication to breastfeeding no longer exists), these 
infants should be started on exclusive breastfeeding. 


How Much to Feed? 


Infants who are breastfed: Infants who are able to suckle 
effectively at the breast should be breastfed on demand. 
Small babies (<2000 g) may not be relied on demand 
feeding and be fed every 2-3 hours. 


7 b oat bie aS RR mit ? TWO ST “—* SPS ORS rT ea oP Wii - syieeS . Se eren COOP 8 0: SE BP a eS Se rd Sip" of 
| eee “Table 9. 41: Nutritional supplements for infants with birth weight between 1500 g and 2499 Diirgtierach: Bete 
ROLE nae irae, Sst tinned aye Pee RI MINS PL OR UERSTAER SS E . . | 
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Infants who are fed by spoon/paladai or by intragastric 
tube: The daily fluid requirements of neonates have been 
discussed in the section of fluids and electrolytes. VLBW 
infants (<1500 g) need about 80 mL/kg fluids on the first 
day of life. It needs to increased by 10-15 mL/kg/day to 
a maximum of 160 mL/kg/day by the end of the first week 
of life. LBW infants >1500 g are usually given about 
60 mL/kg fluids on the first day of life and fluid intake is 
increased by about 15-20 mL/kg/day to a maximum of 
160 mL/kg/day by the end of the first week of life. The 
volume for an individual feed can be determined by diving 
total fluid to be given divided by number of feeds planned 
in 24 hours. 


Nutritional Supplementation 


Birth weight of 1500-2499 g: These infants are more likely 
to be born at term or near term gestation (>34 weeks). They 
need vitamin D and iron (Table 9.11). 


Birth weight <1500 g: Those infants who are usually born 
before 32-34 weeks gestation have inadequate body stores 


ee ee a“ 
" “ 


: 


Nutrients» Method of supplementation va: > Dose Duration - : 

i : 

~ Vitamin D Multivitamin drops or syrup 400 |U/day | 2 weeks . oe fe) ene . 
~ Iron 16% lron drops or syrup 2 mg/kg/day (maximum 15 mg) 6-8 weeks to | year Of age 
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of most of the nutrients. Since EBM has inadequate 
amounts of protein, energy, calcium, phosphorus, trace 
elements (iron, zinc) and vitamins D, E and K, it is often 
not able to meet the daily requirement of these infants. 
Hence, these infants need multinutrient supplementation 
till they reach term gestation (40 weeks, i.e. until the 
expected date of delivery). These nutrients can be 
provided by fortification of expressed breast milk with 
human milk fortifiers (HME). Fortification increases the 
nutrient content of the milk without compromising its 
other beneficial effects. As HMF does not provide 
adequate iron, the same has to be given separately in form 
of drops. Fortification or supplementation of minerals and 
vitamins should be continued only till term gestation (40 
weeks) in VLBW infants. After 40 weeks, only vitamin D 
and iron needs to be supplemented (similar to infants with 
birth weights of >1500 g). 


Growth Monitoring of LBW Infants 


Regular growth monitoring helps in assessing the 
nutritional status and adequacy of feeding in LBW infants; 
it also identifies those infants with inadequate weight gain. 

All LBW infants should be weighed daily until the time 
of discharge. Length and head circumference should be 
recorded weekly. 


Both term and preterm LBW infants tend to lose weight 
(about 10% and 15%, respectively) in the first 7 days of 
life; they regain their birth weight by 10-14 days. 
Thereafter, the weight gain should be at least 15-20 g/kg/ 
day till a weight of 2-2.5 kg is reached. After this, a gain 
of 20 to 40 g/day is considered appropriate. 


Growth charts: Using a growth chart is a simple and 
effective way to monitor the growth. Serial plotting of 
weight and other anthropometric indicators in the growth 
chart allows the individual infant's growth to be compared 
with a reference standard. It helps in early identification 
of growth faltering in these infants. 


Monagement of Inadequate Welght Gain 


Inadequate weight gain is a common problem in LBW 
infants. It may result in failure to thrive and wasting in 
the first year of life. The common causes are summarized 
in Table 9.12. 
Management of inadequate weight gain consists of the 
following steps: 
i. Proper counseling of mothers and ensuring adequate 
support for breastfeeding 
ii. Explaining the frequency and timing of both breast- 
feeding and spoon or paladai feeds including night 
feeds: Infrequent feeding is a common cause of 
inadequate weight gain. 
iii. Giving EBM by spoon or paladai feeds after breast- 


feeding also helps in preterm infants who tire out easily 
while sucking from the breast. 
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able 9.12: Causes of inadequate weight gain a. 
able 9.14: : 


Inadequate intake 
Breastfed infants | 
Incorrect feeding ™ 


ent)" 
oe sole breastieeding, not feeding in the night hours: 


ladai feeds 
Infants on spoon Or palaces | 
“ipecrreet method of feeding” (e.g. excess spilling) 


ect measurement or calculation 


i 


athod (improper Positioning 9, 


Incorr 
Infrequent feeding” 
Not fortifying the milk in VLBW infants 


Increased demands 

Hypothermia or cold stress" | 
Chronic illnesses, bronchopulmonary dysplasia 
Medications such as corticosteroids 


*Common causes 


iv. Proper demonstration of the correct method of 
expression of milk and paladai feeding: It is important 
to observe how the mother gives paladai feeds; the 
technique and amount of spillage should be noted. This 
should be followed by a practical demonstration of the 
proper procedure. 


v. Ensuring optimum thermal protection 


Jaundice 


Problems 

* Larger RBC volume for body weight 

* Immaturity of hepatic enzymes and hepatic excretory 
capacity 


© Immature blood-brain barrier—increased risk for 
bilirubin encephalopathy 


Management: This has been discussed in section on 
jaundice. 


Hematological Abnormality 
Problems 


aes Placental insufficiency with intrauterine 
id are ae to stimulation of erythropoiesis and 
Polyc fens ae Sey SSP ecially seen in IUGR babies: 
with fae : oo sg hematocrit) produces hyperviscosity 

asec’ organ perfusion. Manifestations include 
ry distress, cardiac failure, feeding 


lycemia, hypocalcemia and hype 


jitteriness, respirato 
intolerance, hypog 
bilirubinemia. 


Anemia: Acceler 
ate ; 
reticulocyte count ac destruction of fetal RBCs, low 


/ eT incj 
blood sampling in LBW babies 


Nee of sepsis and frequen! 
of severe anemia. 


abies further predisposes to ris 


Newborn Infants 


—— i inten 


Management 


Treatment of polycythemia: Symptomatic infants or those 
with hematocrit >75% require partial exchange 


transfusion. For others, management includes increasing 
the fluid intake, 


Anemia: 


- All LBW babies should be started on 2-3 mg/kg of 
iron from 2 months till 2 years of age. 


- Blood sampling should be minimized. 


- Transfusions may be given as per institution 
protocol. 


Immature Organ Systerns In Preterm Infants 


Respiratory distress syndrome: This has been described 
in detail later. 


Intraventricular hemorrhage; Preterms have a fragile 
highly vascular collection of vessels near the lateral 
ventricle of brain. Respiratory distress, mechanical 
ventilation or vigorous resuscitation can cause rupture of 
these vessels leading to adverse neurological sequelae. 
Preventive measures include giving antenatal steroids, 
minimal and gentle handling, avoiding rapid changes in 
intravascular volume such as rapid boluses or infusion of 
hyperosmolar solutions, and avoiding high pressures 
during ventilation. 


Retinopathy of prematurity (ROP): Growth of retinal 
vessels occurs from the optic disc to the periphery from 
18 weeks of gestation till term. Injury to these developing 
vessels in retina during postnatal (especially high oxygen 
saturation, sepsis, blood transfusions) may induce their 
pathological proliferation resulting in ROP. In some 
babies, ROP can cause vision loss, if left untreated. This 
complication can be decreased with rational use of oxygen, 
maintaining SpO, value between 85 and 95% and regular 
screening and for early detection and treatment. Advanced 
stages of ROP require peripheral retinal ablation by laser 


or cryotherapy. 


Hearing damage: Preterm infants are at higher risk of 
hearing loss. Rational usage of ototoxic drugs, prevent- 
ing hypoxia, optimally treating jaundice and routine 
screening for early detection can minimize this complica- 
tion. 


Prolonged Hospital Stay 


LBW babies need longer stay in the hospital which could 
be quite substantial in very small or sick babies. It results 
in their separation from parents at birth and often incurs 
high expenses. It is an emotionally and financially trying 
time for all families. Keeping parents involved in decision- 
making process and providing them adequate support 
helps greatly in management of the baby and taking care 
of the family. 


Criterla for Discharge 


© The clothed baby is able to maintain normal body 
temperature without the need for radiant warmer or 
incubator. 

° The baby is gaining weight consistently for a few days. 
Weight, length and head circumference should be 
recorded at discharge and plotted on a growth chart, 
which can be used on follow-up to determine, if growth 
is adequate. 

* Baby should be feeding well either on breast or using 
alternate methods. The mother is adequately trained 
in feeding of the baby. 

* Absence of significant morbidity and the baby is not 
needing any treatment such as IV antibiotics. If baby is 
being discharged on oral medication, then parents 
should be well educated regarding method of 
administration of drugs. 

¢ Screening tests are performed before discharge or on 
follow-up, e.g. those for ROP detection in infants <32 
weeks and auditory brainstem evoked response 
(ABER). 

¢ Nutrition supplements including multivitamins, iron, 
calcium and vitamin D are started. 

e Immunization with BCG, Hep B and OPV is given. 

« All danger signs are explained to the parents with 
information is given when and where to report in case 
of development of a danger sign. 

The following are the danger signs: 
— Difficulty in feeding 

— Reduced activity 

— The baby is too cold or too warm 
- Fast breathing or chest indrawing 
— Abnormal movements 

— Yellow palms or soles 

¢ Follow-up within 3-7 days of discharge to ensure the 
baby has been adapted well to home environment. 


INFECTIONS IN THE NEONATES 


Neonates can acquire infection from a wide range of 
micro-organisms including bacteria, virus and protozoa. 
Bacteria-mediated infection constitutes a common 
morbidity and accounts for nearly one-third of total 
neonatal deaths. Infections can be superficial and systemic. 


Superficial Infections 


Omphalitis: Any redness or induration around the 
umbilicus or pus drainage from it should alert the clinician 
to omphalitis. Omphalitis starts as a local infection of the 
umbilicus, usually from unclean handling or application 
of unclean substances to the cord. It can spread to cause 
life-threatening systemic sepsis. 
* Local infection: When the redness extends to less than 
1 cm of surrounding area and there is absence of any 
sign of sepsis. Local cleaning with antiseptic solution, 
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followed by application of 0.5% gentian violet four 
times a day till redness subsides would take care, 

¢ Severe infection: When area of redness extends beyond 
1 cm of surrounding tissue or there are signs of sepsis 
local therapy plus systemic antibiotic should be started 
as in management of septicemia. 


Oral thrush: White patchy lesions on the oral mucosa and 
tongue can occur in healthy newborns. True oral thrush 
lesions are difficult to wipe off and leave hemorrhagic 
points when removed. Local nystatin or clotrimazole 
application four times a day after feed is recommended. 


Conjunctivitis: Infection should be differentiated from 
sticky eyes and blocked nasolacrimal duct. Sticky eyes 
generally manifests as mucoid discharge without any signs 
of inflammation and requires cleaning with saline. 
Conjunctivitis manifests as purulent discharge and signs 
of inflammation and requires local instillation of 
antibiotics. Gonococcal conjunctivtis can result in 
blindness and requires timely systemic antibiotics therapy. 


Systemic Infections (Neonatal Sepsis) 


When pathogenic organisms gain access into the blood- 
stream, it can result into neonatal sepsis, which may be 
generalized and/or localized to the lungs (pneumonia), 
the meninges (meningitis) or bones and joints 
(osteomyelitis /arthritis). Systemic bacterial infections are 
known by the generic term neonatal sepsis (NNS), which 
incorporates generalized sepsis, pneumonia, meningitis 
and bone-joint infections. 


Etiology 

Escherichia coli, Staphylococcus aureus and Klebsiella sp. are 
the predominant organisms. Organisms like Acinetobacter, 
Pseudomonas and coagulase negative staphylococci are 
also important pathogens in healthcare associated 


infections. 


Early Versus Lote Sepsis 


Early-onset sepsis (EOS) (up to 72 hours after birth) 
infections are caused by organisms prevalent in the 
maternal genital tract or in the delivery area. EOS occurs 
in presence of perinatal risk factors namely spontaneous 
onset of preterm labor, prolonged rupture of membranes, 
foul smelling liquor, multiple per vaginal examinations, 
maternal fever, and difficult or prolonged labor. EOS 
frequently manifests as pneumonia and less commonly 
as septicemia or meningitis. 

Late-onset sepsis (LOS) (72 hours or later) infections 
are caused by the organisms thriving in the external 
environment of the home or the hospital. The infection is 
often transmitted through the hands of the care-providers. 
The presentation is that of generalized sepsis, pneumonia 
or meningitis. The predisposing factors include LBW, lack 
of breastfeeding, poor cord care, superficial infections 
(pyoderma, umbilical sepsis), aspiration of feeds and 
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disruption of skin integrity with needle pricks and usp , 
intravenous fluids. 


Clinical Features d ill-defined 
ifests with vague ane Licence’ syMptoms 
NNS often man! ires high index of suspicion for ear] 


therefore, requ! OF ) 3 
a acaast An early but non-specific manifestation i 
alteration in the established feeding behavior. The baby 


who had been active and sucking normally, refuses to suck 
and becomes lethargic, OF unresponsive. Poor cry, 
hypothermia, abdominal distension, vomiting and apneic 
spells are other common manifestations. Diarrhea jg 
uncommon. Fast breathing, chest retractions and grunt 
indicate pneumonia. Most cases of meningitis do not have 
any distinct clinical picture per se, making it mandatory 
to suspect meningitis in all cases suspected of Sepsis, 
Shock, bleeding, sclerema and renal failure are indicators 
of overwhelming sepsis. 

Diagnosis of sepsis is fraught with poor specificity, A 
host of conditions like hypothermia, hyperthermia, 
hypoglycemia, hypoxia, late metabolic acidosis, 
congestive heart failure and even simple conditions like 
nasal block may mimic sepsis. A careful clinical 
examination and relevant investigations are necessary to 
differentiate these conditions from NNS and avoid 
unnecessary antibiotics therapy. Babies who are clinically 
stable can be observed, without admission and 
intravenous antibodies, while providing good supportive 
care (Fig. 9.36). 


Investigations 


No investigation is required to start treatment in a sick 
baby who has high probability of sepsis (Fig. 9.36). Blood 
culture provides definitive diagnosis of NNS and should 
be taken before starting antimicrobial therapy. After 
cleaning the skin (with alcohol, povidone iodine and again 
alcohol), a specimen of 0.5 to 1.0 mL of blood can be taken 
ina small culture media bottle containing 5 to 10 mL of the 
liquid broth. 

A panel of tests (sepsis screen) consisting of total leukocyte 
count (TLC; <5000/mm?), absolute neutrophil count (ANC; 
<1800/mm+*), immature to total neutrophil ratio (I/T ratio; 
more than 20%), CRP (more than 1 mg/dL) and micro-ESR 
(15 mm or more in the first hour) constitute a useful sepsis 
screen for clinically doubtful cases. Sepsis screen is 
considered positive, if two of these parameters are positive. 

Lumbar puncture should be performed in all case 
suspected of NNS except in asymptomatic babies being 
investigated for maternal risk factors. Table 9.13 provides 
gestation specific cut offs for values of various parameter 
in cerebrospinal fluid, 


Treatment 


Institution of prompt treatment is essential for ensurins 
optimum outcome of neonates with sepsis who often rea 
the health care facilities late and in a critical condition 


Newborn Infants 


72 hours or less 
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Age of baby 72 hours or less 
Perinatal risk 
factors 


Sepsis 











Management * Extreme risk factors’ 


— Initiate antibiotics 
* Other risk factors” 
— Monitor the baby 


— Start antibiotics, if 
baby develops signs of 
sepsis or 
hemodynamic 
instability 


— No need for sepsis screen 


* Perform lumbar puncture: 









cellulitis, etc. 


« Start antibiotics 


* No need for 
sepsis screen 


* Perform blood culture before starting antibiotics in all cases 


— Before starting antibiotics in symptomatic babies 
— If culture is positive in asymptomatic babies 


‘Chorioamnionitis, foul smelling liqor or rupture of membrane >72 hours 
“Spontaneous preterm labor, rupture of membranes (24 to 71 hours) or unclean per vaginal examination 
Presence of shock, bleeding tendency, respiratory failure requiring ventilation, seizures in absence of asphyxia, severe hypothermia, 


‘Single episode of apnea, occasional vomiting, transient temperature instability, some reduced activity, mild tachypnea 






















Scenario 3 Scenarlo 4 


72 hours or less >72 hours 


No Not relevant 


+ If baby is too sick” 
— Initiate antibiotics 
« If baby is not too sick’ 
— Perform sepsis screen 











— Give antibiotics, if sepsis screen is 
positive 

— If the sepsis screen Is negative: 
look for alternate cause for symptoms and 
follow the baby closely 







Fig. 9.36: Approach to neonate suspected of sepsis 


Table 9.13: Normal CSF examination in neonates, mean (range) 


Test Term Preterm 
Cells 
Leukocytes 7 (0-32) 9 (0-29) 
Polymorphonuclear cells 61% 57% 
Protein (mg/dL) 90 (20-170) 115 (65-150) 
Glucose (mg/dL) 52 (34-119) 50 (24-63) 


Supportive care and antibiotics are the two equally 
important components of treatment. Antibiotics take at 
least 12 to 24 hours to show any effect, optimum suppor- 
tive care improves the outcomes in sick septic babies. 


Supportive care: Good supportive care requires meticulous 
attention to various aspects: 

* Provide warmth; ensure normal temperature (36.5°— 
375°C). 

Start oxygen by hood or mask, if the baby is cyanosed 
or grunting. Provide bag and mask ventilation, if 
breathing is inadequate. Instilling normal saline drops 
in nostrils may help clear the nasal block. 

Assess peripheral perfusion by palpating peripheral pulses, 
capillary refill time (normally <2-3 seconds) and skin color. 
Serial measurement of urine output is helpful for this 
Purpose. Infuse normal saline or Ringer lactate 10 mL/kg 


over 5-10 minutes, if perfusion is poor. Repeat the same 
1—2 times over the next 30-45 minutes, if perfusion 
continues to be poor. Dopamine and dobutamine may be 
required to maintain normal perfusion. 

e Insert intravenous line. If hypoglycemia is suspected, 
infuse glucose (10%) 2 mL/kg stat. Do not use glucose 
boluses routinely. Provide maintenance fluid, 
electrolytes and glucose (4-6 mg/kg/min). Add 
potassium to IV fluids once normal flow of urine has 
been documented. 

¢ Ensuring optimal nutrition is extremely helpful in sick 
babies. Enteral feeds should be initiated early, if there 
is no abdominal distension and baby is hemo- 
dynamically stable. Feed mother's milk. 


Specific care: Antimicrobial therapy constitutes the 
mainstay of treatment of sepsis. In a seriously sick neonate 
suspected of sepsis, appropriate antibiotics therapy should 
be initiated without any delay after obtaining blood 
samples for culture. 


Empiric therapy when etiologic agent is not known: The 
empiric therapy of NNS should cover the major causative 
pathogens while awaiting reports of culture studies. 
Since the antimicrobial spectrum and susceptibility 
profile is different in different settings, there cannot be a 
universal policy of empiric regimen. Antibiotics are often 
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| os Table 9.14: Choice of initial antibiotic therapy = ' 
Septicemia and pneumonia 


Clinical situation 
Community acquired; resistant 
strains unlikely 


Hospital acquired or when there is 
a low to moderate probability of 
resistant strains 


Hospital acquired sepsis or when 
there is a high probability of 
resistant strains 


Therapy might be modified based on culture report 


(first line) 


(second line) 


(third line) 


used in neonates on the slightest suspicion of sepsis 
because of the grave and fulminant nature of neonatal 
sepsis. But unbridled overuse of antibiotics is associated 
with the serious risk of emergence of resistant strains of 
pathogens. Most newborn units in the country are facing 
the problem of overwhelming antimicrobial resistance to 
practically all antibiotics. Rational use of antibiotics is, 
therefore, the responsibility of every physician. 

Fach treating unit should adopt a suitable policy. Based 
on changes in the spectrum of etiologic agents and the 
antibiotics sensitivity pattern, the choice of antibiotics 
must be periodically reviewed and modified. Table 9.14 
provides possible regimen of empiric antibiotics. 


Therapy after an etiologic agent is known: Antimicrobial 
therapy can be made specific once a positive culture and 
sensitivity report is available. However, this would be 
known only after 2-3 days. Even in best institutions, only 
approximately one-fourth of babies suspected of sepsis 
have positive blood culture. 


Mode of Administration and Dosage 


Antibiotics should preferably be administered parenterally. 
In a baby with septicemia or pneumonia (but not 
meningitis), who has received intravenous ampicillin and 
gentamicin initially and is clinically well after 3 days, the 
physician may consider an individual basis switching over 
to oral amoxycillin along with single-dose intramuscular 
gentamicin therapy for the rest of the course. 


Monitoring 


Intensive care and monitoring is the key determinant of 
improved survival of neonates. The elements of 
monitoring in sepsis are not different from those in other 
life-threatening conditions, Proper monitoring of sick 
babies enables care providers detection of complications 
at the earliest. The periodicity of documenting the various 
parameters should be individualized. 


Prognosis 


The outcome depends upon weight and maturity of the 
infant, type of etiologic agent, its antibiotic sensitivity 
pattern; and adequacy of specific and supportive therapy. 
The early-onset septicemia carries higher risk of adverse 


Ampicillin or penicillin and gentamicin 


Ampicillin or cloxacillin and amikacin 


Cefotaxime and amikacin 


Meningitis 
Cefotaxime and gentamicin 


Cefotaxime and amikacin 


Cefotaxime and amikacin 


outcomes. The reported mortality rates in neonatal sepsis 
in various studies from India ranges between 45 and 58%, 


Necrotizing Enterocolitis 


Necrotizing enterocolitis (NEC) occurs among smaller 
premature infants, often those less than 32 weeks. The 
clinical picture mimics neonatal septicemia because of the 
presence of abdominal distension, apnea, bradycardia, 
instability of temperature, cyanosis and lethargy. 


Management 


Oral feeding should be withheld. A nasogastric tube is 
inserted to relieve distension and to aspirate stomach 
contents. Fluids and electrolytes in adequate quantities 
should be administered. Parenteral nutrition may be 
administered. The baby is given antibiotics after taking 
suitable cultures. Shock is managed by replacement of 
fluids and use of vasopressor agents. Plasma and platelet 
transfusion may be necessary to prevent bleeding tendency. 


Suggested Reading 


* Sankar MJ, Agarwal R, Deorari AK, Paul VK. Sepsis in the 
newborn.Indian J Pediatr. 2008 Mar; 75:261-6. 


PERINATAL ASPHYXIA 


Perinatal asphyxia is an insult to the fetus or newbom 
due to a lack of oxygen (hypoxia) and/or a lack of per 
fusion (ischemia) to various organs. It is often associated 
with tissue lactic acidosis and hypercarbia. 

There 1S NO universally accepted definition of perinatal 
asphyxia. The American Academy of Pediatrics Committee 
on Fetus and Newborn has Suggested essential criteria 
(Table 9,15) for defining perinatal asphyxia. 

In the absence of such quantification, it is better to use 
the term neonatal depression’, which refers to a condition 
{@pproximately Tet hi) wang ate Postnatal period 
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Table 9.15: Essential criteria for Perinatal asphyxia . 
prolonged metabolic Or mixed acide 
umbilical arterial blood sample 
persistence of Apgar score of 0-3 for 35 minutes 


Neurological manifestations, e.g. seizu 


or hypoxic ischemic encephalopathy ( 
neonatal period 


mia (pH <7.0) on an 


res, coma, hypotonia 
HIE) in the immediate 


Evidence of multiorgan dysfunction in the immediate neonatal 
period 


Neuropathology 


These differ according to gestation (Table 9.16) and are of 
the following main types: 


lerm 


Selective neuronal necrosis involves cerebral cortex, 
hippocampus, basal ganglia, cerebellum and anterior horn 
cells of spinal cord. Seen predominantly in term infants 
and depending on site, this manifests clinically as 
diminished consciousness, seizures and abnormalities of 
feeding, breathing, etc. Parasagittal area is a watershed 
area for many arteries and is vulnerable to ischemia 
resulting in proximal limb weakness (upper >lower) that 
later may develop into spastic quadriparesis. Status 
marmoratus is a variant of selective neuronal necrosis 
involving basal ganglia and thalamus, having long-term 
sequelae such as choreoathetosis, spastic quadriparesis 
and retardation. 


Preterm 


Selective neuronal necrosis is rare in preterms; 
diencephalic neuronal necrosis restricted to thalamus and 
brainstem with or without hypothalamus and lateral 
geniculate body is seen. Hypoxia and acidosis followed 
by hyperoxia demonstrates a unique pattern of injury 
involving pontine nucleus and subiculum of the 
hippocampus. 

Periventricular leukomalacia (PVL) results from 
hypoxic-ischemic insult leading to coagulative necrosis 
and infarction of periventricular white matter that is the 
Watershed area between various arteries. Long-term 
Sequelae of PVL include spastic diplegia and quadriplegia 
(lower limbs >upper limbs) and visual impairment. 


Table 9.16: Neurological patterns of hypoxic-Ischemic 
encephalopathy 


Premature newborns 


Selective subcortical neuronal necrosis 
Periventricular leukomalacia 

Focal and multifocal ischemic necrosis 

Periventricular hemorrhage or infarction 


Term newborns 


Selective cortical neuronal necrosis 

Status marmoratus of basal ganglia and thalamus 
Parasagittal cerebral injury 

Focal and multifocal ischemic cerebral necrosis 


Diagnosis and Approach 


Hypoxia is an evolving process that starts at the onset of 
the insult and continues after resuscitation and thereafter 
manifests in form of sequelae. Management thus depends 
on which point in this evolution it is detected; with the 
preventive approach beginning in the prenatal period and 
then continuing in the form of a long follow-up much after 
the stabilization of the initial condition. 

A wide-spectrum of clinical manifestations is seen 
depending on the severity of injury. These manifestations 
change over time and are clinically noted in babies of 
gestational age more than 36 weeks by classification on 
the basis of Levene stages of HIE (Table 9.17). 

HIE staging helps predict evolution of the disease and 
long-term outcome. Babies with stage 1 have uniformly 
good prognosis. Adverse neurological outcomes are 
present in 20% of babies with stage 2 HIE. In stage 3 HIE, 
half of the neonates die and remaining half tend to have 
poor neuro-development outcomes. 


Post-Resuscitation Management of an 
Asphyxiated Baby (Fig. 9.37) 


i. Temperature: Maintain normal temperature of the baby 
and avoid hyperthermia. In resourceful setting, 
moderate induced hypothermia (core temperature of 
33° to 34°C) reduces the death or severe neuro- 
developmental handicap. However, the efficacy and 
safety of therapeutic hypothermia has not been proved 
in resource restricted setting (in absence of intensive 
care), 


[oy See pable 9.17: Levene classification for hypoxic-ischemic encephalopathy = ef 
| Feature 7 Mild Moderate Severe 
Consciousness Irritability Lethargy Comatose 
Tone Hypotonia Marked hypotonia Severe hypotonia 
Seizures No Yes Prolonged 
Sucking/respiration Poor suck Unable to suck Unable to sustain spontaneous respiration 


Modified from: Levene MI. The asphyxiated newborn infant. In: Levene MI, Lilford Ru, ed. Fetal and Neonatal Neurology and Neurosurgery. Churchill 


Vingstone, Edinburgh 1995;405-26 



















eed for positive 


: 


Apgar <7 at 5 minutes 


chest compression or adrenaline 








Transfer to NICU and monitor the baby 


Hemodynamically stable; normal 
tone, activity, sensorium and no seizures 


SEE 










re 





: normal body temperat 
ntain. nonnial oxygenation and ventilation by | 
judicious use of oxygen and/or mechanical ventilation 
Ensure normal perfusion by saline boluse(s) and/or 
vasopressors, as required 
Maintain normal blood glucose 
Treat for seizures, if present 
Monitor the baby (neurological an 
renal function) 


r 
Abnormal tone, activity, 0 
sensorium and presence of seizures 





ure, avoid hyperthermia 








by infusion of IV dextrose 







d cardiorespiratory examination; 








Fig. 9.37: Postresuscitation management of an asphyxiated baby 


li. Oxygen: Both hypoxia and hyperoxia can damage 
neurons. Oxygen saturations are maintained between 
90 to 95%. CO, concentration in ventilated babies 
should be maintained between 40 and 50 mm Hg as 
hypocarbia as well as hypercarbia are detrimental to 
brain. 

iii. Perfusion: Cerebral perfusion in asphyxiated babies is 
in ‘pressure passive’ state means there is loss of auto- 
regulation and blood supply to the brain is entirely 
dependant on BP; it decreases when BP falls and 
increases when BP rises. Therefore, to maintain normal 
perfusion pressure, a systemic mean arterial pressure 
of 45-50 mm Hg (term), 35-40 (1-2 kg weight) and 
30-35 mm Hg (<1 kg weight) is required. Judicious 
use of fluid boluses and use of vasopressors help 
maintain BP. 

iv. Glucose: Levels between 75 and 100 mg/dL are recom- 
mended. Hyperglycemia enhances cerebral edema and 
compromises perfusion, while hypoglycemia poten- 
tiates excitotoxic damage. Hypoglycemia is commonly 
seen in asphyxiated infants and the infant must be 
regularly monitored. 

v. Metabolic profile: Hypocalcemia and electrolyte 
disturbances should be regularly looked for until 
stabilization of baby and corrected as indicated. 
Seizures: 20-50% of infants with HIE develop seizures 
during day 1 or 2. Seizures are commonly subtle or 
focal or multifocal. Metabolic disturbances such as 
hypoglycemia, hypocalcemia and hyponatremia must 
be ruled out. Seizures should be treated with anti- 
epileptic drugs (AEDs) such as phenobarbitone and 
phenytoin. The seizures may be intractable initially but 
usually tend to burn out by 48 hours. Subtle seizures 
lasting for brief duration need not be treated. 

Once the baby is seizure-free for 3-4 days, AEDs are 

stopped in the same order as they were started, except 

phenobarbitone, Phenobarbitone is stopped at discharge, 


Vi. 


—" 





if neurological examination is normal and baby is feeding 
well on breast. 


Prognosis 


The following features predict a poor outcome: 

¢ Lack of spontaneous respiratory effort within 20-30 
minutes of birth is associated with almost uniform 
mortality 

¢ HIE stage 3 | 

¢ Abnormal neurological findings persisting beyond the 
first 7-10 days of life 

* Oliguria (<1 mL/kg/day) during the first 36 hours 
Thus all these babies should have regular follow-up 

with monitoring of neurodevelopmental milestones to 

detect any deficits early and to intervene effectively. 


Suggested Reading 


* Agarwal R, Jain A, Deorari AK, Paul VK. Post-resuscitation 


ei gement of asphyxiated neonates. Indian J Pediatr 2008;75:17>- 


RESPIRATORY DISTRESS 


Respiratory distress in the neonate is a common problem 
and it can be a serious neonatal emergency. Respiratory 
distress is defined as presence of tachypnea (RR >60/ min) 
es lower chest retractions, grunting and cyanosis. It can 
e due ° respiratory (Table 9.18) and non-respiratory 
causes ( able 9.19), Early recognition and prompt 
treatment is essential to improve the outcomes ; 


Approach 


Reeeienory erties im a neonate can be recognized by 
>60/min), chest retrace en einations of tachypnea (RR 
7 etractions grunting. flari si 

, , flaring of alae n@ 

and cyanosis. The Sestation, age = ae, severity 2 


distress and presence of 4SSOciated clinical features help 
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Respiratory distress syndrome 
Meconium aspiration syndrome 


Cause 
Time of onset 


First 6 hours of life 
First few hours of life 


Pneumonia Any age 
Transient tachypnea of newborn First 6 hours after birth 
Pneumothorax Any age 
Tracheoesophageal fistula, Any age 


diaphragmatic hernia 


Table 9.19: Non-pulmonary causes of rapid breathing” 


Cardiac Congestive heart failure: congenital heart 
disease 

Metabolic Hypothermia, hypoglycemia, metabolic 
acidosis 

Centralnervous Asphyxia, cerebral edema, hemorrhage 

system 

Chest wall Asphyxiating thoracic dystrophy, 


Werdnig-Hoffman disease 


in arriving at diagnosis. It should be noted that chest 
retractions are mild or absent in respiratory distress due 
to non-respiratory causes. 


Respiratory causes: Conditions listed in Tables 9.18 and 
9.19 can occur both in preterm and term babies. However, 
if a preterm baby has respiratory distress within the first 
few hours of life, the most likely cause is respiratory 
distress syndrome (RDS). Similarly, if a term baby born 
to a mother with meconium-stained liquor develops 
respiratory distress within the first 24 hours, the most 
likely cause is meconium aspiration syndrome (MAS). A 
term baby with uncomplicated birth developing 
tachypnea in the first few hours of birth is likely to have 
transient tachypnea of newborn. Presence of suprasternal 
recessions with or without stridor indicates upper airway 


obstruction. 


Cardiac disease: Cardiac etiology for respiratory distress 
Should be suspected, if a neonate with distress has 
cyanosis or hepatomegaly. Congenital heart disease and 
cardio-myopathies or rhythm disorders can present as 
congestive cardiac failure in the neonatal period. 
Transposition of great vessels (TGV) and hypoplastic left 
heart syndrome usually present on day one with 
Progressive distress. Most other cardiac conditions present 
after the first week of life. A preterm neonate having a 
Systolic murmur with tachypnea and hepatomegaly is 
: ely to have patent ductus arteriosus (PDA). 


Neurological causes: Neonates with birth asphyxia, 
Cerebral hemorrhage, Or meningitis can present with 

ypnea and respiratory distress. These neonates are 
‘Sually lethargic with poor neonatal reflexes. 


Table 9.18: Pulmonary causes of respiratory distress 
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Common in preterm neonates 

Common in term, post-term and small for date babies; history 
of meconium-stained liquor 

Often bacterial 

Tachypnea with minimal distress; lasts for 48-72 hours 
Sudden deterioration; usually during assisted ventilation 


May show associated malformations; polyhydramnios in 
esophageal atresia 


Respiratory Distress Syndrome (RDS) 


RDS is common in preterm babies less than 34 weeks of 
gestation. The overall incidence is 10-15% but can be as 
high as 80% in neonates <28 weeks. In addition to 
prematurity, asphyxia, acidosis, maternal diabetes and 
cesarean section can increase the risk of RDS. 


Etiopathogenesis 


In RDS, the basic abnormality is surfactant deficiency. 
Surfactant is a lipoprotein-containing phospholipids like 
phosphatidylcholine and phosphatidylglycerol and 
proteins. Surfactant is produced by type II alveolar cells 
of lungs and helps reduce surface tension in the alveoli. 
In the absence of surfactant, surface tension increases and 
alveoli tend to collapse during expiration. During 
inspiration, more negative pressure is needed to keep 
alveoli patent. There is inadequate oxygenation and 
increased work of breathing. Hypoxemia and acidosis 
result in pulmonary vasoconstriction and right to left 
shunting across the foramen ovale. This worsens the 
hypoxemia and the neonate eventually goes into 
respiratory failure. Ischemic damage to the alveoli causes 
transudation of proteins into the alveoli that forms 
hyaline membrane. Surfactant production starts around 
20 weeks of life and peaks at 35 weeks gestation. 
Therefore, any neonate less than 35 weeks is prone to 
develop RDS. 


Clinical Features 


Respiratory distress usually occurs within the first 6 hours 
of life. Clinical features include tachypnea, retractions, 
grunting, cyanosis and decreased air entry. Diagnosis can 
be confirmed by chest X-ray. Radiological features include 
reticulogranular pattern, ground glass opacity, low lung 
volume, air bronchogram (Fig. 9.38) and white out lungs 
in severe disease. 


Management 

Mild to moderate RDS can be managed with continuous 
positive airway pressure (CPAP). CPAP isa noninvasive 
modality of support where a continuous distending 
pressure (5-7 cm H,0) is applied at nostril level to keep 
the alveoli open in a spontaneously breathing baby 

















Fig. 9.38: Moderate to severe respiratory distress syndrome. 
Note homogenous opacification of lungs obscuring heart 
borders and presence of air bronchogram (arrows) 





Fig. 9.39: Continuous positive airway pressure being provided 
to a preterm baby 


(Fig. 9.39). This is an excellent modality of respiratory 
support which minimizes lung injury and other compli- 
cations such as air leak and sepsis. Preterm babies 
developing severe RDS often require mechanical 
ventilation. Preterm babies are at risk of lung injury by 
excessive pressure and high oxygen. High saturations of 
oxygen (above 95%) can produce retinopathy of pre- 
maturity (ROP) which can blind the infant. 

Since surfactant deficiency is the basis of RDS, 
exogenous surfactant is recommended as the treatment 
of choice for moderate to severe RDS. 


Prevention of RDS 


Administration of antenatal steroids to mothers in preterm 
labor (<35 weeks) has been a major breakthrough in 
management of preterm infants. Antenatal steroids 
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reduces RDS, intraventricular hemorrhage and mortality 
in preterm neonates (Table 9.20). 


Meconium Aspiration Syndrome (MAS) 


Meconium staining of amniotic fluid (MSAF) occurs jp 
10-14% of pregnancies. Neonates born through MSAF can 
aspirate the meconium into the lungs and develop 
respiratory distress (meconium aspiration syndrome; 
MAS). Aspirated meconium can block the large and small 
airways causing areas of atelectasis and emphysema 
which can progress to develop air leak syndromes like 
pneumothorax. 


Clinical Features and Course 


MAS usually occurs in term or post-term babies and small 
for gestational age babies. Infants usually develop 


Table 9.20: Antenatal corticosteroids (ACS) use 
for preterm labor 


Indications 


1. Gestation 24 to 34 weeks 

AND 

1. True preterm labor, OR 

2. Following conditions that lead to imminent delivery: 
e Antepartum hemorrhage 
¢ Preterm premature rupture of membranes 
e Severe pre-eclampsia 


Contraindications 


¢ Frank chorioamnionitis as suggested by (1) history of fever 
and lower abdominal pain, (2) on examination: foul smelling 
vaginal discharge, tachychardia and uterine tenderness and 
(3) fetal tachycardia 


* Maternal diabetes, pre-eclampsia and hypertension are NOT 
contraindications 


‘Regimen 


* Injection Dexamethasone 6 mg intramuscularly. A total of 
4 doses at interval of 12 hours. Appropriate preparation of 

betamethasone can also be given but is not available in India. 

ACS exerts maximal benefits when delivery happens 

24 hours after the last dose and up to 7 days thereafter. 

Partial effect is evident within a few hours before birth as 

well as after 7 days. 

* Oral preparations of ACS are not useful. 

* Repeated courses are not indicated 


Benefits 

Reduction in 

¢ Respiratory distress syndrome (RDS) 

¢ Intraventricular hemorrhage (IVH) 

¢ Necrotizing enterocolitis (NEC) 

¢ Neonatal mortality 

* Other benefits: Reduced inciq 
systemic infections, decreased 
and, therefore, reduced length 
intensive care admissions and 
Not associated with any Signifi 

fetal adverse effects. No increas 


€nce of PDA, reduction in 
need for respiratory support 
of hospital stay, low rate of 
finally reduced cost of care. 
Cant short-term maternal or 
€d risk of maternal infection. 
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respiratory distress in the first few hours of life that often 
deteriorates In subsequent 24-48 hours. If untreated 
distress can progress to respiratory failure, Complications 
include pneumothorax, other air leak syndromes 


(pneumopericardium, pneumomediastinum) and 
persistent pulmonary hypertension. 


Management 


Clinical course in these babies can be com 
pulmonary hypertension. A good supportive care in terms 
of maintenance of normal body temperature, blood glucose 
and calcium levels, ensuring analgesia and avoiding 
unnecessary fiddling pay good dividends. Oxygenation 
and ventilation is maintained by judicious use of oxygen, 
mechanical ventilation and inhaled nitric oxide (to reduce 
pulmonary artery hypertension). With ventilatory 
support, 60-70% neonates survive, but in the absence of 
ventilatory support, mortality is high in severe disease. 


Pneumonia 


plicated by severe 


Pneumonia is a common cause of respiratory distress in 
both term and preterm babies and is caused by pathogens 
similar to those of neonatal sepsis such as such E. coli, S. 
aureus and K. pneumoniae. Neonatal pneumonia may be 
due to aspiration or occasionally due to viral or fungal 
infection. Though group B streptococcal pneumonia is 
common in the West, it is uncommonly reported in India. 

The neonate has features suggestive of sepsis in 
addition to respiratory distress. Chest X-ray shows 
pneumonia, blood counts are raised and blood culture 
may be positive. Treatment includes supportive care and 
specific antibiotic therapy. Ampicillin or cloxacillin with 
gentamicin is usually used. If the pneumonia is due to 
hospital-acquired infection, antibiotics like cephalosporins 
with amikacin may have to be used. 


Transient Tachypnea of Newborn (TIN) 


Transient tachypnea of the newborn is a benign self- 
limiting disease occurring usually in term neonates and 
is due to delayed clearance of lung fluid. These babies 
have tachypnea with minimal or no respiratory distress. 
Diagnosis is that of exclusion (of other serious disorders 
such as RDS, pneumonia). Chest X-ray may show hyper- 
expanded lung fields, prominent vascular marking and 
Prominent interlobar fissure (Fig. 9.40). Oxygen treatment 
is often adequate. Prognosis is excellent. 


Surgical. Problems 


Tracheoesophageal fistula (TEF) should be suspected in 
any neonate with excessive frothing. Diagnosis can be 
confirmed by a plain X-ray with a red rubber catheter (not 
infant feeding tube, it is soft and gets coiled up) inserted 
IN stomach. Presence of gastric bubble suggests 
Concomitant TEF. | 
Diaphragmatic hernia should be suspected in any 
Neonates who has severe respiratory distress and has a 





Fig. 9.40: Transient tachypnea of newborn, Note hyperinflated 
lungs, prominent bronchovascular markings and horizontal 
fissure (arrow) 


scaphoid abdomen. This condition can be detected during 
antenatal ultrasonography. Chest X-ray shows presence 
of bowel loops in the thoracic cavity. 


Pneumothorax 


Presence of air in the pleural cavity (pneumothorax) is 
most common in babies with meconium aspiration 
syndrome and those being ventilated (Fig. 9.41). 
Transillumination of the chest can help in diagnosis. 
Needle aspiration or chest tube drainage is a life-saving 
procedure in this situation. 


Apnea 


Apnea is defined as cessation of respiration for 20 seconds 
with or without bradycardia and cyanosis or for shorter 
periods, if it is associated with cyanosis or bradycardia. 
Apnea is a common problem in preterm neonates. It could 
be central, obstructive or mixed. 





Fig. 9.41: Tension pneumothorax on right side displacing the 
mediastinum and pushing down the diaphragm 
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Apnea of prematurity occurs in preterm neonates 
between the second to fifth days of life and is because of 
the immaturity of the developing brain. Central apnea can 
also occur because of pathological causes like Sepsis, 
metabolic problems (hypoglycemia, hypocalcemia), 
temperature instability, respiratory distress, anemia and 
polycythemia. Obstructive apnea can occur because of block 
to the airway by secretion or improper neck positioning. 

Treatment is supportive and involves correction of 
underlying cause. Apnea of prematurity is treated with 
aminophylline or caffeine. Prognosis is good in apnea of 
prematurity. In other cases, it depends on the underlying 
cause. 


JAUNDICE 


Jaundice is an important problem in the first week of life. 
High bilirubin levels may be toxic to the developing 
central nervous system and may cause neurological 
impairment even in term newborns. Nearly 60% of term 
newborns become visibly jaundiced in the first week of 
life. In most cases, it is benign and no intervention is 
required. Approximately, 5-10% of them have clinically 
significant jaundice requiring use of phototherapy or other 
therapeutic options. 


Physiological Versus Pathological Jaundice 

Physiological jaundice represents physiological 

immaturity of the neonates to handle increased bilirubin 

production. Visible jaundice usually appears between 

24-72 hours of age. Total serum bilirubin (TSB) level 

usually peaks by 3 days of age and then falls in term 

neonates. TSB levels are below the designated cut-offs for 

phototherapy. It does not require any treatment. 
Pathological jaundice is referred to as an elevation of 

TSB levels to the extent where treatment of jaundice is 

more likely to result into benefit than harm. There is no 

clear-cut demarcation between pathological and physio- 

logical jaundice. TSB levels have been arbitrarily defined as 

pathological, if it exceeds 5 mg/dL on first day, 10 mg/dL 

on second day, or 15 mg/dL thereafter in term babies. 

Such jaundice warrants investigation for the cause and 

therapeutic intervention such as phototherapy. Appearance 

of jaundice within 24 hours, TSB levels above the expected 

normal range, presence of clinical jaundice beyond 3 

weeks and conjugated bilirubin (dark urine staining the 

nappy) would be categorized under this category. 
Presence of any of the following signs indicates 

pathological jaundice: 

¢ Clinical jaundice detected before 24 hours of age 

e Rise in serum bilirubin by more than 5 mg/dL/day 

¢ Serum bilirubin more than 15 mg/dL 

* Clinical jaundice persisting beyond 14 days of life 

* Clay-/white-colored stool and/or dark urine staining 
the clothes yellow 

¢ Direct bilirubin >2 mg/dL at any time 


Breastfeeding Jaundice | 
Exclusively breastfed infants have serge Pattern 

physiological jaundice as compared {0 ar Peo feq 
babies. Jaundice in breastfed babies a Y appear. 
between 24 and 72 hours of age, peaks by 3-15 days Of life 
and disappears by the third week of life. One-third of al 
breastfed babies are detected to have mild clinical jaundice 
in the third week of life, which may persist into the 2nd {, 
3rd month of life in a few babies. This increased frequen 

of jaundice in breastfed babies is not related t, 
characteristics of breast milk but rather to inadequate 
breastfeeding (breastfeeding jaundice). Ensurin g optimum 
breastfeeding would help decrease this kind of jaundice 


Breast Milk Jaundice 

Approximately 2-4% of exclusively breastfed term babies 
have jaundice in excess of 10 mg/dL beyond 3rd—4th 
weeks of life. These babies should be investigated fo, 
prolonged jaundice. A diagnosis of breast milk jaundice 
should be considered, if this is unconjugated (not staining 
nappies); and other causes for prolongation such as 
inadequate feeding, continuing hemolysis, extravasated 
blood, G6PD deficiency and hypothyroidism have been 
ruled out. Mothers should be advised to continue 
breastfeeding at frequent intervals and TSB levels usually 
decline over a period of time. Some babies may require 
phototherapy. Breastfeeding should not be stopped either 
for diagnosis or treatment of breast milk jaundice. 


Clinical Estimation 


Originally described by Kramer, dermal staining of 
bilirubin may be used as a clinical guide to the level of 
jaundice. Dermal staining in newborn progresses in a 
cephalocaudal direction. The newborn should be 
examined in good daylight. The skin of forehead, chest, 
abdomen, thighs, legs, palms and soles should be blanched 
with digital pressure and the underlying color of skin and 
subcutaneous tissue should be noted. 
Serum levels of total bilirubin are approximatel 

4-6 mg/dL (zone 1), 6-8 mg/dL (zone 2) B12 me/al 
(zone 3), 12-14 mg/dL (Zone 4) and >15 mg/dL (zone 5) 
(Fig. 9.42). Yellow Staining of palms and soles is a dangef 
sign and requires urgent serum bilirubin estimation and 
re yi s paled eee In general, the estimation of bilirubin 
evels by dermal zones is unreliab] igher 
TSB levels, after Phototherapy bid hes ie pais 
by an inexperienced observer. Total serum bilirubin can 


pene Sec non-invasively by a transcutaneous handheld 
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Fig, 9.42: Dermal zones for estimation of total serum bilirubin 
levels 


Causes 


Important causes of jaundice in neonates include: 

i. Hemolytic: Rh incompatibility, ABO incompatibility, 
G6PD deficiency, thalassemias, hereditary sphero- 
cytosis 

li. Non-hemolytic: Prematurity, extravasated blood, 
inadequate feeding, polycythemia, idiopathic, breast 
milk jaundice 
Causes are usually classified based on the time of onset 

of jaundice. 


Appearing within 24 hours of age: 

* Hemolytic disease of newborn: Rh, ABO and minor 
group incompatibility 

* Infections: Intrauterine viral, bacterial; malaria G6PD 
deficiency 

Appearing between 24 and 72 hours of life: 

* Physiological 

* Sepsis 

* Polycythemia 

* Concealed hemorrhages: Cephalohematoma, subarachnoid 
bleed, IVH 

* Increased enterohepatic circulation 


Appearing after 72 hours: 
* Sepsis 
* Neonatal hepatitis 
* Extrahepatic biliary atresia 
* Breast milk jaundice 
* Metabolic disorders 
Remember that the age of appearance may overlap 
and the above mentioned grouping is only a general 
Classification. 


Risk factors for development of severe hyperbiliru- 
binemia include: 
i. Jaundice observed in the first 24 hours 
ii. Blood group incompatibility with positive direct 
antiglobulin test, other known hemolytic disease (e.g. 
G6PD deficiency) 
iii. Gestational age 35-36 weeks 
iv. Previous sibling received phototherapy 
v. Cephalohematoma or significant bruising 
vi. Inadequate breastfeeding, with excessive weight loss 
vii. East Asian race 


Approach to a Jaundiced Neonate 


All the neonates should be visually inspected for jaundice 
every 12 hours during initial 3 to 5 days of life (Fig. 9.43). 
Transcutaneous bilirubin (TcB) can be used as an aid for 
initial screening of infants. Visual assessment (when 
performed properly) and TcB have reasonable sensitivity 
for initial assessment of jaundice. 

As a first step, serious jaundice should be ruled out. 
Phototherapy should be initiated, if the infant meets the 
criteria for serious jaundice. Total serum bilirubin should 
be determined subsequently in these infants to determine 
further course of action. 


Management 


Investigations 


The aim of performing investigations is to confirm the level 
of jaundice, identify the cause and follow response to 
treatment. 


First line 

¢ Total serum bilirubin (and its fractions, if jaundice is 
prolonged or there is yellow staining of nappies): All 
cases with suspected pathological levels either clinically 
or by transcutaneous measurements need confirmation 
by blood test. 

* Blood groups of mother and baby (if the mother is 'O' 
or Rh negative): Detects any incompatibility 

* Peripheral smear: Evidence of hemolysis 


Second line 

¢ Direct Coombs test: Detects presence of antibody coating 
on fetal RBC 

e Hematocrit: Decreased in hemolysis 

* Reticulocyte count: Increased in hemolysis 

* G6PD levels 

¢ Others: Sepsis screen; thyroid function test; urine for 
reducing substances to rule out galactosemia; specific 
enzyme/ genetic studies for Crigler-Najjar, Gilbert and 
other genetic enzyme deficiencies 


Physlological Jaundice 


The parents should be explained about the benign nature 
of jaundice. The mother should be encouraged to 
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Yes 


Start phototherapy 








*Serious jaundice 

a. Presence of visible jaundice in first 24 hours 

b. Yellow palms and soles anytime 

c. Signs of acute bilirubin encephalopathy or 
kernicterus: hypertonia, abnormal posturing 
such as arching, retrocollis, opisthotonus or 
convulsion, fever, high-pitched cry 


Perform visual assessment of Jaundice: every 12 h during initial 3 to 5 days of life. 
Visual assessement can be supplemented with transcutaneous bilirubinometry (TcB), if available 


Step 1: Does the baby have serious Jaundice*? 


Step 2: Does the infant have significant 
jaundice to require serum bilirubin measurement*? 


Measure serum bilirubin and determine if baby requires 


phototherapy or exchange transfusion (refer to Table 9.21) 


Step 3: Determine the cause of jaundice and provide supportive and follow-up care 
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Continued observation every 12 hours 








‘Measure serum bilirubin if 

a, Jaundice in first 24 hours 

b. Beyond 24 hours: If on visual assessment or by transcutaneous 
bilirubinometry, total bilirubin is likely to be more than 
12-14 mg/dL or approaching phototherapy range or beyond 

c. If you are unsure about visual assessment 





Fig. 9.43: Approach to an infant with Jaundice 


breastfeed frequently and exclusively. Mother should be 
told to bring the baby to the hospital, if the baby looks 
deep yellow or palms and soles have yellow staining. 
There is no use to expose the baby to direct sunlight to 
reduce hyperbilirubinemia. 

Any newborn discharged prior to 72 hours of life should 
be evaluated again in the next 48 hours for assessment of 
adequacy of breastfeeding and progression of jaundice. 


Pathological Jaundice 


Term and near term neonates: The American Academy of 
Pediatrics (AAP) has laid down criteria for managing 
babies with elevated serum bilirubin (Figs 9.44 for 
phototherapy and 9.45 for exchange transfusion). Both the 
Figs have age in hours on the X-axis and TSB levels on Y- 
axis. There are three curves on each Fig. representing three 
risk categories of babies defined by gestation and other 
risk factors. Risk factors refer to hemolysis, asphyxia, 
acidosis, low albumin level, G6PD deficiency, hypothemia 
and sickness. 

Preterm neonates: Table 9.21 provides cutoffs for exchange 
transfusion and phototherapy in preterm neonates below 
35 weeks of gestation. 


Prolonged Jaundice (Beyond 3 Weeks) 


This is defined as persistence of significant jaundice 
(10 mg/dL) beyond three weeks in a term baby. The 
common causes include inadequate feeding, breast milk 


jaundice, extravasated blood (cephalohematoma), ongoing 
hemolytic disease, G6PD deficiency and hypothyroidism. 
One should rule out cholestasis by noting the urine and 
stool color and checking the level of direct bilirubin. If the 
baby has dark urine or significant jaundice, investigations 
should be initiated to rule out: 

i. Cholestasis (stool color, urine color, direct and indirect 

bilirubin levels) 

ii. Ongoing hemolysis, G6PD screen 
iii. Hypothyroidism 
iv. Urinary tract infection 


Total serum bilirubin (mg/dL) 
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Fig. 9.44: Guidelines for phototherapy in infants of 35 weeks’ 
gestation or more. (A) Infants at lower tisk (>38 weeks and welll 
(B) Infants at medium tisk (>38 weeks + tisk factors or 35-37 6/ 
7 week and well) and (C) Infants at higher risk (35-37 6/7 week 
+ risk factors) 


Newborn Infants 








Tolal serum bilirubin (ma/dL) 
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Fig. 9.45: Guidelines for exchange transfusion in infants 35 
weeks’ gestation or more. (A) Infants at lower risk (>38 weeks 
and well); (B) Infants at medium risk (>38 weeks + tisk factors or 
35-37 6/7 week and well) and (C) Infants at higher tisk (35-37 6/ 
7 week + risk factors) (Adapted from AAP 2004) 


Table 9.21: Suggested TSB cut-offs for phototherapy and! 
exchange transfusion in preterm infants <35 weeks 


Gestation (completed Phototherapy Exchange transfusion 


weeks) 

<28 5-6 11-14 
28 to 29 6-8 12-14 
30 to 31 8-10 13-16 
32 to 33 10-12 15-18 
34 12-14 17-19 


Use postmenstrual age (for phototherapy for example, when a 29 week 
infant is 7 days old, use the TSB level for 30 weeks). 
(Adapted with permission from Maisels et al, Jour Perinatol, 2012) 


Phototherapy 


Phototherapy remains the mainstay of treating 
hyperbilirubinemia in neonates. Phototherapy is highly 
effective and carries an excellent safety track record of over 
50 years. It acts by converting insoluble bilirubin 
(unconjugated) into soluble isomers that can be excreted 
iN urine and feces. Many review articles have provided 
detailed discussion on phototherapy-related issues. The 
bilirubin molecule isomerizes to harmless forms under 
blue-green light (460-490 nm); and the light sources 
having high irradiance in this particular wavelength range 
are more effective than the others. 

For phototherapy to be effective, bilirubin needs to be 
Present in skin so there is no role for prophylactic 
Phototherapy. Phototherapy acts by several ways: 

* Configurational isomerization: Here the Z-isomers of 
Dilirubin are converted into E-isomers. The reaction is 
Instantaneous upon exposure to light but reversible as 

ilirubin reaches into the bile duct. After exposure of 8- 

12 hours of phototherapy, this constitutes about 25% of 

SB, which is nontoxic. Since this is excreted slowly from 

. body, this is not a major mechanism for decrease in TSB, 
Structural isomerization: This is an irreversible reaction 
Where the bilirubin is converted into lumirubin. The 
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reaction is directly proportional to dose of photo- 
therapy. This product forms 2-6% of TSB which is 
rapidly excreted from body thus is mainly responsible 
for phototherapy-induced decline in TSB. 

¢ Photo oxidation: This is a minor reaction, where 
photo-products are excreted in urine. 


Types of phototherapy lights: The phototherapy units 
available in the market have a variety of light sources that 
include fluorescent lamps of different colors (cool white, 
blue, green, blue-green or turquoise) and shapes (straight 
or U-shaped commonly referred as compact fluorescent 
lamps, i.e. CFL), halogen bulbs, high intensity light- 
emitting diodes (LED) and fibroptic light sources. 

With the easy availability and low cost in India, CFL 
phototherapy is being most commonly used device. Often, 
CFL devices have four blue and two white (for exami- 
nation purpose) CFLs but this combination can be replaced 
with 6-blue CFLs in order to increase the irradiance output. 

In last couple of years, blue LED is making inroads in 
neonatal practice and has been found to equally effective. 
LED has advantage of long life (up to 50,000 hours) and is 
capable of delivering higher irradiance than CFL lamps. 


Maximizing the efficacy of phototherapy: The irradiance 
of phototherapy lights should be periodically measured 
and a minimum level of 30 microW/cm?/nm in the wave- 
length range of 460 to 490 nm must be ensured. The lamps 
should be changed, if the lamps are flickering or ends are 
blackened, if irradiance falls below the specified level or 
as per the recommendation of manufacturers. 

Expose maximal surface area of the baby (Fig. 9.46). 
Avoid blocking the lights by any equipment (e.g. radiant 
warmer), a large diaper or eye patch, a cap or hat, tape, 
dressing or electrode, etc. Ensure good hydration and 
nutrition of the baby. Make sure that light falls on the baby 
perpendicularly, if the baby is in incubator. Minimize 
interruption of phototherapy during feeding sessions or 
procedures. 
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Fig. 9.46: A jaundiced baby receiving phototherapy with two 
overhead units and biliblanket pad (arrow) 
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Administering phototherapy: Make sure that ambient Prevention < 
room temperature is optimum 25° to 28°C to prevent . Antenatal investigation should include Maternal] p] 
hypothermia or hyperthermia in the baby. Remove all ouping. Rh positive baby born to an Rh nepati, 
clothes of the baby except the diaper. Cover the baby's Rather is at higher risk for hyperbilirubinemj, a 
eyes with an eye patch, ensuring that it does not block requires greater monitoring. Anti-D (RhoGam) injec 
baby’s nostrils. Place the naked baby under the lights ina ie first obstetrical event ensures decreased ae 
cot or bassinet, if weight is more than 2 kg or in an sensitization in future pregnancies. o 
incubator or radiant warmer, if the baby is small (<2 kg). e Ensuring adequate breastfeeding 

Keep the distance between baby and light 30 to 45 cm (or » Parent education regarding danger signs shoy 
as per manufacturer recommendation). include yellowish discoloration below knees ie 
elbows or persistent jaundice beyond 15 days as reason 
for immediate check-up by health personnel. 
High-risk babies, such as ones with large cephalo. 
hematoma or family history of jaundice, should be 
followed up after 2-3 days of discharge. 


Ensure optimum breastfeeding: Baby can be taken out for 
breastfeeding sessions and the eye patch can be removed 
for better mother-infant interaction. However, minimize e 
interruption to enhance effectiveness of phototherapy. 
There is no need to supplement or replace breast milk with 
any other types of feed or fluid (e.g. breast milk substitute, 


water, sugar water, etc.). CONGENITAL MALFORMATIONS 


Tracheoesophageal Fistula (TEF) 


Upper part of esophagus is developed from retro. 
pharyngeal segment and the lower part from pregastric 
segment of the first part of the primitive gut. At four weeks 
of gestation, the laryngotracheal groove is formed. Later, 
two longitudinal furrows develop to separate the 
respiratory primordium from the esophagus. Deviation 
or altered cellular growth in this septum results in 
formation of tracheoesophageal fistulae. Incidence is 1 in 
4000 live births. In the most common variety (over 80% of 
cases), the upper part of the esophagus ends blindly and 
the lower part is connected to the trachea by a fistula. 


Clinical Features 


Monitoring and stopping phototherapy: Monitor 
temperature of the baby every 2 to 4 hours. Measure TSB 
level every 12 to 24 hours. 

Discontinue phototherapy once two TSB values 
12 hours apart fall below current age-specific cut offs. The 
infant should be monitored clinically for rebound bilirubin 
rise within 24 hours after stopping phototherapy for babies 
with hemolytic disorders. 


Exchange Transfusion 


Double volume exchange transfusion (DVET) should be 
performed, if the TSB levels reach to age specific cut-off 
for exchange transfusion (Fig. 9.45 and Table 9.21) or the 
infant shows signs of bilirubin encephalopathy 
irrespective of TSB levels. 
Indications for DVET at birth in infants with Rh 

isoimmunization include: 

i. Cord bilirubin is 5 mg/dL or more 

ii. Cord Hb is 10 g/dL or less 





The presence of maternal polyhydramnios and single 
umbilical artery should alert the health provider to look 
for atresia of the upper digestive tract. Association of 
congenital anomalies of vertebrae, anorectal region, heatt, 
kidneys or limbs should also arouse suspicion. The 


At birth, if a baby shows signs of hydrops or cardiac 
decompensation in presence of low PCV (<35%), partial 
exchange transfusion with 50 mL/kg of packed red blood 
cells should be done to quickly restore oxygen carrying 
capacity of blood. 

The ET should be performed by pull and push 
technique using umbilical venous route. Umbilical 
catheter should be inserted just enough to get free flow of 
blood. 


Follow-up 


Babies with serum bilirubin >20 mg/dL and those who 
require exchange transfusion should be kept under follow- 
up in the high-risk clinic. Hearing assessment (BERA) 
should be done at 3 months of age. With prompt treatment, 
even very elevated serum bilirubin levels within the range 
of 25 to 29 mg/dL are not likely to result in long-term 
adverse effects on neurodevelopment. 


newborn baby has excessive drooling soon after birth with 
frothing (Fig. 9.47). There is choking and cyanosis 0? 
feeding. Overflow of milk and saliva from esophagus an 

regurgitation of secretion through the fistulous tract (when 
present) into the lungs results in aspiration pneumonia 

Diagnosis 


A stiff red rubber catheter 
as it gets arrested ata dista 
(Fig. 9.47). A Skiagram m 
1-2 mL of air through the 
use barium asa contrast m 
in lungs. 

On X-ray, an ai i pe 
is communication betes heed dhe are 8 
and trachea, whi 


cannot be passed into stomach 
nce of 7~10 cm from the mou 
ay be obtained after instilling 
catheter, It is not advisable © 
aterial since it may be asp" at 


1S NO COMmmunication of e 
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Fig. 9.47: Esophageal atresia with tracheoesophageaI fistula. 
Note the radiopaque catheter at T4 level (arrow), There is a 


double gas bubble sign indicating presence of concomitant 
dueodenal atresia, 
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Management 


The baby should be nursed supine or in an upright 
position and esophageal pouch should be gently sucked 
every 5 minutes, or continuously using a slow suction 
device. Intravenous fluids should be administered and 
infection, if any, should be treated. Surgical repair should 
be undertaken as early as possible. 


Anorectal Malformation 


A variety of anorectal anomalies have been described 
(Fig. 9.48b). These may be anatomically classified as high, 
intermediate or low. The position is determined by the 
relation of terminal part of bowel to the puborectalis sling. 
High or intermediate lesions are more common in males. 
An X-ray film of the abdomen is obtained 12-24 hours 
after birth, with the baby being kept in an inverted 
position. A lateral picture of the pelvis should be obtained 
to define whether the rectal pouch is above or below a 
line drawn from the pubis to the coccyx. 

Treatment is surgical. Prognosis is better with low 
defects. About 80 to 90% of patients become continents 
after surgery for low defects. More than two-thirds of 
patients are incontinent after surgery of high defects. 
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9.48: Various congenital malformations: (a) Congenital hydrocephalus; (b) Anorectal malformation; (Cc) Tuft of hair overlying 
underlying neural tube defect; (d) Meningocele 


a eee 


a 








a iz | Essential Pediatrics 


Neural Tube Defects 


Anencephaly: Anencephaly is due to a defect in the 
development of neural axis and is not compatible with 
life. 

Encephalocele: In encephalocele, the brain and/or its 
coverings herniate through a defect in the skull. 


Congenital hydrocephalus: Congenital hydropcephalus 
results from impaired CSF circulation or absorption in 
basal cisterns, This usually follows intrauterine infections 
such as toxoplasmosis, but may also be the result of a 
congenital malformation of the aqueduct, Dandy-Walker 
syndrome (posterior fossa cyst and a defect of cerebellar 
vermis), Arnold-Chiari malformation (displacement of 
brainstem and cerebellum in the spinal canal). 


Diagnosis should be suspected, if the head is too large 
or sutures and fontanels are wide open or if the head 
circumference increases rapidly (more than 1 cm in a 
fortnight during the first 3 months) (Fig. 9.48). CT or MRI 
scan should be done to confirm the diagnosis. 


Myelomeningocele: lt presents as membranous protrusion 
at the lumbosacral region and contains meninges, 
cerebrospinal fluid, nerve roots and a dysplastic spinal 
cord. The defect is open and not covered by skin. In 
contrast, meningocele is covered with skin (Fig. 9.48). 
There may be no associated neurological deficit, but 
severe motor and sensory deficit are common and urinary 
and fecal incontinence are usually present. 

Folic acid 4 mg per day should be prescribed to the 
women in periconceptional period to prevent recurrence. 


Cleft Lip and Cleft Palate 


Cleft lip is recognized readily (Fig. 9.49), but a careful 
inspection of the oral cavity is necessary to identify cleft 
palate. A cleft of the soft palate can be easily missed unless 
the baby is examined carefully. Ventricular septal defect 
is a common associated anomaly with cleft palate. 





Fig. 9.49: Unilateral cleft lip and cleft palate 





Fig. 9.50: Diaphragmatic hernia: Chest X-ray showing multiple 
air-filled cysts in left hemnithorax, shift of mediastinum fo the right 
and the absence of outline of the left diaphragm 


Feeding is difficult in cases of cleft palate. For the first 
few days, gavage feeding or spoon-feeding may be done. 
Bottle-feeding may be tried with a soft nipple with rubber 
flange, which close the cleft and help the baby in sucking, 
If this is not successful, palatal prosthesis may be used. 


Diaphragmatic Hernia 


Diaphragmatic hernia occurs because of failure of closure 
of the pleuroperitoneal membrane. This allows intestinal 
loops to ascend to the thorax that compress the developing 
lung and can result in pulmonary hypoplasia (Fig. 9.50). 
These babies can present at any time after birth. At birth, 
a baby may be suspected to have diaphragmatic hernia, 
if there is respiratory distress and a scaphoid abdomel. 
Bag and mask ventilation should be avoided in thes¢ 


babies. Surgical repair after stabilization is the treatment 
of choice. 


TRANSPORT OF NEONATES 
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Transport is an important component of sick newbor 
care. It requires careful attention to vital parametel 
temperature and blood glucose levels as well 4° 
coordination with the receiving hospital (Fig. 9,51). 

If the birth of an at-risk neonate is anticipated, i 
mother should be transported (in utero transport) tae 
so ity with optimum maternal and neonatal care > oe 
delivery (in utero transfer). However, if referral © 


neonate is unavoidable, effort de to do 
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Prepare for transport 










Baby 

Stabilize (temperature, airway, breathing, circulation and 

Secure IV line and give necessary treatment before ne aa 
Logistics 

Counsel! the parents and family before transport 
Communicate with referral facility. Provide a brief note 
Arrange supplies, equipment and transport vehicle 













Care during transport 


Monitor frequently (temperature, airway and breathi ; 
IV cannula and infusions) y ing, circulation, 


Ensure that the baby receives feeds or fluid 
Stop the vehicle, if necessary, to manage problems 


v 


im ~ Feedback after transport 
Communicate with referral team for condition at arrival and outcome 






* Indications may vary as per the facility 


Fig. 9.51: Transport of sick neonates 
FOLLOW-UP OF HIGH-RISK NEONATES 


Improved perinatal and neonatal care has resulted in 
improved survival of many sick and small neonates who 
are at-risk for long-term morbidities such as growth 
failure, developmental delay and visual/hearing 
problems. A proper and appropriate follow-up program 
would help in prevention, early detection and appropriate 
management of these problems, thereby ensuring 
disability and morbidity free survival. 


Who Needs Follow-up Care? 


Table 9.22 lists the cohort of high-risk infants who require 
followup services. 


What should be Done at Follow-up? 


i. Assessment of feeding and dietary counseling: Parents 
should be asked about the infants’ diet and offered 
dietary counseling at each visit. Breastfeeding 
frequency and adequacy should be assessed. The 
amount, dilution and mode of feeding should be 


Dlowlpicare ix eae nee tee ane | 
Birth weight <1500 g and/or gestation <32 weeks 

P erinatal asphyxia: Apgar score <3 at 5 min and/or hypoxic- 
Schemic encephalopathy } 

Mechanical ventilation for >24 hours 

Metabolic problems: Symptomatic hypoglycemia and 
-7POcalcemia ; 

Infections: Meningitis and/or culture positive sepsis : 
Ayperbilirubinemia >20 mg/dL or requirement of exchange 


PAS RD Ne Aaa era Sl ed oY Cs ae er ws Epa ACE 
9.22: Common newborn conditions requiring high risk 
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noted, if supplemental feeding is given. It is also 
important to record the duration of exclusive 
breastfeeding, If mentation can be considered. 
Complementary feeding should be started at 6 months 
corrected age. Initially, semisolids should be advised 
in accordance with the local cultural practices. 

ii. Growth monitoring: Growth (including weight, head 
circumference, midarm circumference and length) 
should be monitored and plotted on an appropriate 
growth chart at each visit. 

ii. Developmental assessment: Assessment of developmental 
milestones should be done according to the corrected 
age. The milestones should be assessed in four 
domains—gross motor, fine motor, language and 
personal-social. Infants who lag behind in any 
domain should undergo a formal developmental 
evaluation. Age appropriate stimulation should be 
provided to these babies. 

iv. Immunization: Immunization should be ensured 
according to chronological age. 

v. Ongoing problems: Ongoing morbidities, such as 

diarrhea, pneumonia, occur more frequently in these 

babies and should require appropriate treatment. 

Neurological assessment: Muscle tone should be 

assessed, any asymmetry between the extremities 

should also be recorded. Any history of seizures or 
involuntary movements should also be recorded. 

Hearing and vision evaluation: High-risk infants have 

higher incidence of moderate to profound hearing 

loss (2.5-5% versus 1%). Since clinical screening is 
often unreliable, brainstem auditory evoked 
responses (BAER/BERA) should be performed 
between 40 weeks PMA and 3 months postnatal age. 
Vision of the baby should be checked at 9 months. 
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METABOLIC DISORDERS 
Hypoglycemia 


Hypoglycemia is defined as a blood glucose value of less 
than 40 mg/dL (plasma glucose less than 45 mg/dL). 
Screening for hypoglycemia is recommended in high 
risk situations (Table 9.23). These babies should be 
screened for hypoglycemia at 2, 6, 12, 24, 48 and 72 hours 
after birth with reagent strips (dextrostix). Babies showing 
blood sugar value of less than 40 mg/dL on reagent strip 
should be treated for hypoglycemia but should have 
confirmation of hypoglycemia by a lab test as reagent 
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Suseden 
Inadequate substrate: Small for gestational age (weight for 
gestation <3rd percentile), gestation <35 weeks, birth weight 
<2000 g 7 


Relative hyperinsulinemia: Infants of diabetic mother, large for 
date baby (weight for gestation >97th percentile). | 


Sickness: Hypothermia, sepsis, asphyxia 








(aa 176 | Essential Pediatrics 


« Fetus may die suddenly during the last timete 5 


strips have high false positive rates. Appropriate for 


gestational age babies who are breastfeeding adequately pregnancy ‘ze of the bodv (F; 

do not requi + osomia or large size OF ody (Fig. 9.52 
quire any screening for hypoglycemia. ms Saale risks during delivery such as birth, ni, 

Clinical Features asphyxia and incr eased possibilities of cesarean, aus 


iii. Higher risk of congenital anomalies, (Infant 
mothers with diabetes are 20 times more at rie 
develop cardiovascular defects.) ty 


‘vy. Neonatal respiratory distress 
v. Metabolic problems such as hypoglycemi, es 


Clinically, the hypoglycemia may be asymptomatic or may 
manifest with a range of clinical features like stupor, 
tremors, apathy, cyanosis, convulsions, apneic spells, 
tachypnea, weak and high-pitched cry, lethargy, difficulty 
in feeding, eye rolling, episodes of sweating, sudden 


pallor, hypothermia and rarely, cardiac arrest. hypocalcemia 
¥ } vi. Polycythemia, increased viscosity of bloog and 
anagement of Hypoglycemia hyperbilirubinemia 


Prevention of hypoglycemia: All high-risk babies should 

receive proper breastfeeding, counseling and support. Pathogenesis 

Adequacy of breastfeeding should be assessed and small Maternal hyperglycemia leads to fetal hyperglycemia anj 
babies not able to suck effectively on the breast, should that in turn leads to fetal hyperinsulinemia (Pederso, 
receive expressed breast milk by alternate methods. hypothesis). Insulin is an anabolic hormone and promot 
growth. Excess maternal glucose and amino acids provid, 
the substrate for increased synthesis of protein, lipids ang 
glycogen in the fetus. Large fetal size is mostly due to the 
accumulation of fat. 


Asymptomatic babies: If the blood sugar is more than 
20 mg/dL in an asymptomatic baby, a trial of oral feeds is 
given and blood sugar be tested after 30-45 minutes. If 
repeat blood sugars values are above 40 mg/dL, frequent 
feeding is ensured with 6 hourly monitoring of blood 
sugar for 48 hours. However, if blood sugar values persist 
below 40 mg/dL, baby should receive IV glucose infusion. 

If the initial blood sugar value is less than 20 mg/dL, 
then intravenous glucose infusion is started. 


Symptomatic babies: A bolus of 2 mL/kg of 10% dextrose 
should be given, followed immediately by glucose 
infusion at an initial rate of 6 mg/kg/min. Blood sugar is 
checked after 30-45 minutes and then 6 hourly. Repeat 
hypoglycemic episodes may be treated by increasing the 
glucose infusion rate by 2 mg/kg/min until a maximum 
of 12 mg/kg/min. If two or more consecutive values are 
>50 mg/dL after 24 hours of parenteral therapy, the 
infusion can be tapered off at the rate of 2 mg/kg/min 
every 6 hours, with glucose monitoring. Tapering has to 
be accompanied by concomitant increase in oral feeds. 





Drug Therapy and Breastfeeding 

Though most drugs given to mother get transferred into 
human milk, the amount is not significant and does not 
pose any risk to the baby. The clinician should evaluate 
each medication carefully, examine published data on the 
drug and advise the mother carefully about the use of 
medications while breastfeeding. 


EFFECT OF MATERNAL CONDITIONS ON 
FETUS AND NEONATES 







Diabetes Mellitus 
Diabetes is one of the most common endocrine disorders 


affecting women during pregnancy. The following Fig. 9.2: (a) Infant of re as 
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management 


The infant should be screened for malformations and 
injuries. Frequent breastfeeding should be encouraged. 
The neonate should be monitored for blood glucose levels 
during first three days of life. The other morbidities, such 


as respiratory distress, hyperbilirubinemia should be 
treated appropriately. 


Hypothyroidism 


Hypothyroidism during pregnancy, if treated adequately, 
does not affect pregnancy outcomes; however, inadequate 
treatment of the mother predisposes the fetus to adverse 
neurodevelopment. Neonate should be screened for 
hypothyroidism using either cord blood or on blood 
sample taken after 72 hours of birth. 


Tuberculosis 


If the mother has active pulmonary tuberculosis that has 
been treated for less than 2 months before birth or the 
diagnosis of tuberculosis was made after birth, the baby 


is atrisk to acquire infection from the mother. Such babies 
should not be separated from the mother. Exclusive 
breastfeeding is encouraged. The infant should be given 
isoniazid prophylaxis (5 mg/kg/day) and is evaluated at 
6 weeks of age. If there is any evidence of tubercular 
infection in the baby (clinically or radiologically), the infant 
should be started on antitubercular therapy. If the infant 
does not have any evidence of tuberculosis at 6 weeks, 
the isoniazid therapy continued for 6 months and the infant 
given BCG vaccine after 2 weeks of cessation of therapy. 


Hepatitis B Infection 


Women who have hepatitis B infection (active or carrier 
stage) can transmit the infection to their babies. Such 
babies should receive hepatitis B vaccine within 12 hours 
of birth, which can prevent perinatal transmission of 
hepatitis B virus significantly. Hepatitis B immuno- 
globulins (HBIG; 100 IU, IM) can be given to enhance 
the protection but it is costly and there are availability 
issues. 








IMMUNITY 


The immune system has two major components: Innate 
and adaptive. Innate immunity is primitive, nonspecific, 
has no memory and provides the first line of defense 
against infections. Adaptive immunity is highly evolved, 
specific, has memory and is characterized by rapid immune 
response when exposed to the same microorganism. 


Innate Immune System 


The complement system consists of multiple proteins 
circulating as inactive precursors. Once triggered, these 
proteins activate each other sequentially to generate active 
components. There are three pathways of activation of the 
complement cascade. The classical pathway is triggered 
by activation of Clq by antibody-antigen complexes or 
polyanions (heparin, protamine, nucleic acids from 
apoptotic cells). The alternative pathway is continuously 
active at low levels due to spontaneous C3 lysis, and 
amplified by binding of complement components to 
pathogen (bacterial lipopolysaccharides, endotoxin, yeast 
cell wall). The lectin pathway is activated by binding of 
mannose binding lectin to mannose residues on pathogen 
cell surface. Activation of the classical pathway results in 
low levels of C4, C2 and C3; activation of alternative 
pathway is characterized by reduced levels of C3 with 
normal levels of C4 and C2. Activation of C3 by either 
pathway results in formation of the membrane attack 
complex, which binds to the surface of bacteria, fungi and 
viruses leading to their lysis. C3b component can opsonize 
immune complexes or foreign cell surface; anaphylatoxins 
(C3a, C4a, C5a) bind to receptors on mast cells and 
basophils, resulting in their degranulation and release of 
histamine and intracellular enzymes. C3a and C5a induce 
adherence of monocytes, macrophages and neutrophils 
to vascular endothelial cells causing extravasation and 
chemotaxis. 

Cellular components of innate immunity consist of 
polymorphonuclear leukocytes, macrophages and natural 
killer (NK) cells. These ingest extracellular material by 


phagocytosis. 
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Adaptive Immune System 
Adaptive immune responses develop through synergy 
between lymphocytes and antigen-presenting cell 
following specific antigenic challenge, show tremendou; 
diversity and exhibit immunological memory. The 
components of adaptive immune system are lymphocytes, 
macrophages and antigen-presenting cells. 
Lymphocytes constitute 20-40% of white cells in 
peripheral blood and are classified and identified using 
flow cytometry as B (CD19, CD20 positive), T (CD3 positive) 
and NK (CD 16, CD56 positive) cells. T cell antigen 
receptor (ICR), which is associated with CD3 to form the 
TCR-CD3 complex that remains unchanged during cel 
division. TCR recognizes antigen only when it is bound 
to MHC molecules on surface of antigen-presenting cells. 
Mature T lymphocytes are categorized into CD4 positive 
Thelper (Th) cells, and CD8 positive T cytotoxic (Tc) cells 
based on membrane glycoprotein. The normal ratio of 
CD4+ and CD8+ cells in peripheral blood is 2:1. CD4+ 
cells recognize antigen only if bound to class I| MHC 
molecules, whereas CD8+ cells recognize antigen bound 
to class I MHC molecules. Th cells differentiate into Thl 
Th2 and Th17 cells under influence of cytokines. Thl 
Hmumune response supports inflammation and activate 
Tc cells and macrophages (in tuberculoid leprosy and 
theumatoid arthritis), whereas Th? responses induce 
antibody-mediated immunity (lepromatous leprosy, 
allergic disorders). Th17 cells contribute to host eee: 
against extracellular bacteria and fetter andes t « ae 
development of allergy and autoimmunity . ; “ap are 
important in eliminating intracellular ‘teh : awe like 
viruses, and in organ transplant eeledtion ogens 
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my "Table 10.1: Causes of secondary Immunodeficiency _ 
Human Immunodeficiency virus infection | 

Following measles 

Severe malnutrition 

Nephrotic syndrome 

tymphoreticular malignancies 

Severe burns 

Drugs: Glucocorticoids, cyclophosphamide, azathioprine, 
diphenylhydentoin 

Severe, chronic infections 


clinically important causes of secondary immuno- 
deficiency. 

Primary immunodeficiency disorders can affect any of 
the major components of immune system, including T 
and/or B lymphocytes, antibody production, phagocyte 
number or function and complement components. The 
condition should be suspected in patients presenting with 
22 of the following 10 warning signs: (i) >4 new infections 
in a year; (ii) 22 serious sinus infections in a year; (iii) >2 
cases of pneumonia in a year; (1v) 22 months of antibiotics 
without effect; (v) failure of an infant to gain weight or 
grow normally; (vi) recurrent deep skin infections or organ 
abscesses; (vii) persistent oral thrush, or candidiasis 
elsewhere beyond infancy; (vii!) need for IV antibiotics to 
clear infections; (ix) 22 deep-seated infections (e.g. 
meningitis, cellulitis); and (x) family history of 
immunodeficiency. 

Tables 10.2 and 10.3 outline the workup and clinical 
findings in various disorders. Conditions that mimic 
immunodeficiency (e.g. gastroesophageal reflux, 

Kartagener syndrome, cystic fibrosis) should be excluded. 


Cellular and/or Combined Immunodeficiency 


Severe combined immunodeficiency (SCID): Children with 
ID present in early infancy with severe infections due 
Viruses, fungi (e.g. Pneumocystis jirovecil) or intracellular 
pathogens (e.g. Mycobacteria). Tonsillar tissue 1s usually 
absent and lymph nodes are not palpable. Left untreated, 
Such babies do not live for more than a few months. 
tofound lymphopenia is characteristic. The most 
Common form of SCID is X-linked and is caused by 
Mutations in the common gamma chain [of interleukin 
YD: approximately one-fourth cases have adenosine 
faminase deficiency. SCID due to purine nucleoside 
‘osphorylase deficiency may present later in childhood 
milder features. 


DiGeorge anomaly: This disorder arises from defects in 
sh bryogenesis of third and fourth pharyngeal pouches. 
i characterized clinically by an unusual facies 

YPertelorism, antimongoloid slant, low set ears, 
te Tognathia, short philtrum, bifid uvula), hypecs Cone 
Ada; Y, aortic arch anomalies and absent thymus. in 
ition, 20-30% patients show a variable T cell defect, 
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Table 10.2: Work-up for suspected immunodeficiency = 
Screening investigations 
Total and differential leukocyte counts, leukocyte morphology, 
platelet count and size 
HIV serology; X-ray chest 


Specific investigations 

Quantitative immunoglobulins: IgG, and subclasses: IgA; IgM; 
IgE 

Blood group isohemagglutinins (for functional IgM) 
Anti-diphtheria and anti-tetanus antibodies (functional IgG) 
CD3, CD4, CD8, CD19, CD16, CD56 by flow cytometry 
CD18, flow cytometry (leukocyte adhesion defect) 

Bruton tyrosine kinase protein; Wiskott-Aldrich syndrome 
(WAS) protein 

Mitogen stimulation tests (e.g. response to phytohemagglutinin) 
Nitroblue tetrazolium dye reduction test, and dihydrorhodamine 
assay on flow cytometry, CGD 

CH50, and AH50 assays and levels of complement component 
Mannan binding lectin assay 

Enzyme assays, e.g. adenosine deaminase, purine nucleoside 
phosphorylase - 

Delayed skin t&.ts (Candida, Tetanus toxoid) 

AH50: Alternate pathway complement hemolytic assay; CD: Cluster 


differentiation; CGD: Chronic granulomatous disease; CH50: Total 
hemolytic complement assay; HIV: Human immunodeficiency virus 


ranging from mildly increased susceptibility to infections 
to severe disease requiring thymic or hematopoietic stem 
cell transplant. 


Wiskott-Aldrich syndrome (WAS): This X-linked recessive 
disorder is caused by mutations at Xp11.22-23, encoding 
the WAS protein in the cytoplasm of lymphocytes and 
platelets. Eczema begins in early infancy and may mimic 
atopic dermatitis. Thrombocytopenia is associated with 
small-sized platelets. Due to impaired responses to 
polysaccharide antigens, patients are susceptible to 
infections with pneumococci, meningococci and 
Haemophilus influenzae. The clinical phenotype varies; some 
children have a fulminant course with repeated severe 
infections (WAS spectrum), while others present later, 
predominantly with bleeding manifestations (X-linked 
thrombocytopenia spectrum). The risk of lymphoreticular 
malignancies is increased. There is severe IgM deficiency 
in addition to defective T cell signaling, secondary to 
deficient expression of CD43 in lymphocytes. 


Ataxia-telangiectasia: This autosomal recessive disorder 
is characterized by progressive ataxia (beginning during 
infancy), telangiectasia (initially on bulbar conjunctiva), 
sinopulmonary infections, chromosomal breakage and 
increased sensitivity to ionizing radiation. The gene is 
localized to chromosome 11q22-23; its product regulates 
the cell cycle. The degree of immunodeficiency is less 
profound than in Wiskott-Aldrich syndrome. Serum IgA, 
IgG2 subclass and IgE levels are usually reduced; 
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Type of infection 


Pneumonia or diarrhea; cryplo- 
sporidiosis; disseminated BCG Infection 


Firol faw months 
of life 


Pneumonia; pyogenlie Infectlons 4-0 monthe 


(S. pneumoniae, H. influenzae) 


Diarrhea, sinopulmonary Infections; often 
pyogenic (S, pneumoniae, H. influenzae) 


Luter ohildhood 
(»6=10 yoars) 


Recurrent staphylococcal cold abscesses, Any ago 
pneumonia (often with pneumatocele) 


Recurrent or persistent glardlasis Any ago 
Recurrent staphylococcal Infectlons of Usually oarly 
lungs, skin or bone; persistent fungal childhood 
(Aspergillus) pneumonia; liver abscess 

Pyogenic bacteria (S. pneumoniae, 4-6 months 


H. influenzae) 


Recurrent Neisseria Infections, 6.9. 
meningitis 


Recurrent infections Early Infancy 


Recurrent bacterial Infections, 6.9. 
pneumonia 


lymphocyte proliferative responses are decreased and the 
number of y8-positive T cells is increased. 

Hyper-IgM syndrome: This syndrome can result from 
multiple causes, the most common being a CD40 ligand 
defect. Affected children have a profound immuno- 
deficiency characterized by low levels of IgG but normal 
or raised IgM. There is increased susceptibility to 
infections with Pneumocystis jirovecit. Some patients may 
have associated autoimmune disorders. 


Humoral Immunodeficiency 


X-linked (Bruton) agammaglobulinemia: This X-linked 
recessive disorder is caused by mutation in the gene for 
tyrosine kinase (Bruton tyrosine kinase, Btk), Affected 
boys present in second half of infancy with pyogenic 
infections; later presentation is also described. Tonsils and 
lymph nodes are usually atrophic. B cells (CD19+) are 
absent in peripheral blood but T cells (CD3+) are normal 
in number and function. 


Common variable imununodeficiency: This term refers to 
heterogeneous conditions characterized by hypogamma- 
globulinemia and variable defects in T cell number and 
function. Presentation is later in childhood and, unlike 
X-linked agammaglobulinemia, affected children show 
ren lymphadenopathy and hepatosplenomegaly. B 
“ seen (CD19) is usually normal, Low levels of 
yet ocyte proliferation following mitogen stimulation 
may be demonstrated, Mutations in the following genes 
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7” Table 10,9! Clinloal cluée to the dlagnosla of primary Immunodefl 
Age at presentation Asaoolatad findinga 


clency 


Likely atlology 
Palla to thrive; rash; Severe combined Immuno- 
atrophio tonalls and deficiency 


lymph nodes 


Only hoys affected; fallure 
to thrive 
Hopatosplenomegaly; 
lymphadenopathy 

Coarao facial foatures, 
eozematous rash 
Autolmmune diseases 
Lymphadonopalhy; 


dralning nodos; 
hopatosplonomogaly 


X-linked agammaglobulinemla 


Common variable 
Immunodeficiency 


Hyper-IgE syndrome 


IgA deficlency 
Chronic granulomatous disease 


Deficiency in early complement 
components 

Deficiency in late complement 
(C5-C9) components 


Boys; alypical eczoma; Wiskott-Aldrich syndrome 


thrombocytopenia 


Progrossivo ataxla; Ataxia-telangiectasia 


procodos telangiectasia 


may be responsible: Inducible costimulator (ICOS); CD19; 
CD20; CD81; B cell-activating factor of tumor necrosis 
factor family receptor (BAFF-R), tumor necrosis factor 
receptor superfamily member 13B or transmembrane 
activator (T’NFRSF13B, TACI) or TNERSF13C. Autoimmune 
disorders (leukopenia, thrombocytopenia, hemolvtic 
anemia and arthritis) are associated. Patients require 
monitoring for lymphoreticular malignancies. 


IgA deficiency: This is one of the most common causes of 
primary immunodeficiency. Affected individuals usually 
do not have a clinically significant immunodeficiency 2nd 
may remain entirely asymptomatic or have recurrent mild 
respiratory infections, especially if IgG subclass deficiency 
is also present. These patients May occasionally evolve to 
conmmon variable immunodeficiency later. 


IgG subclass deficiency: 1gG1 provides protection against 
bacterial pathogens (e.g. diphtheria, tetanus), IgG2 
protects against capsular polysaccharide antigens (eg: 
pheumococcus, Haemophilus influenzae), IgG3 has antiviral 
properties, while IgG4 has antiparasitic activity. Children 
With deficiency of one of the subclasses may have nornul, 
or sometimes even elevated, total IgG levels. 


Transient hypogammaglobulinemia of infancy: Infants 
show physiological hypogammaglobulinemia between 
3 and 6 months of age, when transplacentally acquired 
maternal 1gG has been catabolized, and immunoglobulin 
production has not begun. In some infants, the physiological 
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pogammaglobulinemia is prolonged to 18-24 months, 
julting in transient hypogammaglobulinenia of Infancy, 
rum IgG levels in infancy and early childhood should 
interpreted in context of age-related nomograms, 
like X-linked agammaglobulinemia, B cell numbers are 
rmal. These children recover over time and long-term 
ognosis is excellent. 


sorders Of Nonspecific Immunity 
gllular Immunodeficiency 


ironic granulomatous disease refers to disorders with reduced 
tivity of nicotinamide adenine dinucleotide phosphate 
JADPH) oxidase leading to impaired generation of 
iperoxide radical. The disease is X-linked in ~50% patients, 
ondary to mutations in the gene encoding gp9l-phox; 
thers have autosomal recessive inheritance with mutations 
1 the gene encoding p47-phox, p67-phox or p22-phox. 
hildren present with recurrent life-threatening infections, 
tarting in early infancy. Infections are chietly caused by 
atalase-positive bacteria (Staphylococcus aureus, Serratia) and 
ungi (Aspergillus). Findings include persistent pneumonla, 
rominent lymphadenitis, multiple liver abscesses and 
steomyelitis of small bones of hands and feet. The diagnosis 
s suggested by screening on nitroblue tetrazolium dye 
eduction test (NBT) and confirmed by dihydrorhodamine 
assay on flow cytometry. 


Miscellaneous 


Complement component deficiency: Individuals with 
deficiencies of the early complement components (C2-C4) 
may present with recurrent bacterial infections, while 
those with deficiency of the later components (C5-C9) 
have predilection for Neisseria infections. Systemic lupus 
erythematosus may occur in those with C2/C4 or Clq 
deficiency. Deficiency of Cl esterase inhibitor is associated 
with hereditary angioneurotic edema, characterized by 
‘onset of recurrent non-itchy swellings in the body. 


Hyper-IgE syndrome: Mutations in STAT 3 gene result in 
recurrent ‘cold’ staphylococcal abscesses, pneumoni with 
pneumatoceles, retained primary dentition and markedly 
elevated serum IgE concentration (>2000 IU/mL). 
Inheritance is usually autosomal dominant. 


Treatment of Primary Immunodeficiency Disorders 


Hematopoietic stem cell transplantation is the treatment 
of choice for most forms of significant cellular immuno- 
deficiency (e.g. SCID, Wiskott-Aldrich syndrome, hyper- 
IgM syndrome). The procedure should be done in early 
infancy. Children with X-linked agammaglobulinem1a, 
IgG2 subclass deficiency and common variable immuno- 
deficiency require administration of intravenous 
immunoglobulin (IVIg) every 3-4 weeks. Though expensive, 
therapy with IVIg results in satisfactory quality of life. 
Patients with IgA deficiency do not require any specific 
2 therapy. Prophylactic therapy with antimicrobials (usually 


cotrlmoxazole) ta required for some children with IgGl 
and [yG3 aubclass deficleney, 

Long-term cotrimoxazole aud itraconazole prophylaxis has 
Improved the management of chronic granulomatous disease, 
Interferon-y ls used for treatment of Tfe-threatening 
Infections. Hematopoletic stem cell transplantation: ts 
Increasingly used in patents with the disease, 

Plasma infusions may be useful In patients with 
complement deficlencles, In Cl esterase inhibitor 
deficleney, prophyloctle therapy with (ranexantic acid, 
danazol or stanozolol result in signifleant improvement, 
Injections of synthetic CL esterase iitibitor are required, if 
there is laryngeal Involvement with airway compromise. 
Gene therapy has been successfully used in patients with 
X-linked SCID, chronic granulomatous disease and 
Wiskoll-Aldrich syndrome. 


Intravenous Immunoglobulin 


Intravenous Immunoglobulin (IVIg) is pooled normal 
intact polyspecific 1yG derived from plasma of healthy 
donors, subjected to strict screening procedures. Each 
batch of IVJg represents a donor pool of several thousand 
individuals such that the repertoire of antibodies is 
representative of the population, Most preparations 
contain >90% monomeric IG with only small amounts 
of IwA and IgM. The IgG subclass distribution depends 
on the manufacturing process; some IVIg preparations do 
not contain adequate quantities of 1gG3. 

IVig is therapy of choice for Kawasaki disease, 
idiopathic thrombocytopenic purpura and autoimmune 
demyelinating polyradiculoneuropathy, dose being 2 g /kg 
given in single or divided doses. IVIg is also replacement 
therapy in various forms of hypogammaglobulinemia, the 
dose being 0.4-0.6 g/kg every 3-4 weeks. Use of IVIg ts 
considered in severe myasthenia, lupus crisis, autoimmune 
neutropenia, neonatal alloimmune and autoimmune 
thrombocytopenia, dermatomyositis not responding to 
steroid therapy, and certain vasculitides. IVIg has been 
used for prophylaxis and treatment of neonatal sepsis in 
low birth weight babies, with equivocal results, 

Administration of IVIg may be associated with adverse 
effects, including anaphylactoid and anaphylactic (IgE- 
mediated) reactions. IVIg infusion must be started slowly 
and the child monitored closely; infusion rate is slowed 
or discontinued, if the child develops chills or rigors. The 
risk of acute kidney injury is negligible with current iso- 
osmolar preparations. Long-term risks include transmission 
of hepatitis C infection. 


Suggested Reading 


OK ‘hyral S. Primary {mmuno- 

¢ Gupta §, Madkaikar M, Singh S, Sehgal S. Pr y tr ; 
deficiencies In India: A perspective, Ann N Y Acad Sei 2012; 
1250:73-9. ) 

© Singh S. Approach to a patient with suspected primary 
immunodeficiency disorder, ATI Textbook of Medicine, 10th eu 
Eds, Munjal YP, Sharma SK, Jaypee Brothers, New Delhi, 2019, 


pp. 249-55. 





Miss | ssontint Podiintries 





. 


_ 


_ 


Table 10.5: Comparison of subunit polysaccharide and conjugate vaccines 


Characteristic 
Component 


Polysaccharide vaccine 


surface (capsule) 
Immune cells stimulated; 


response elicited 
Antibodies type and titer 
Duration of protection 
Age at which effective 
Booster response 


Chlefly IgM; low titer 
Brief 


Poor 


Carbohydrate presont In bacterial call 


B cells; humoral Immunity, thymic Independent 


Poor efficacy <2 years of ago 


Conjugated vaccine 

Polysaccharide attached to carrier protein 
that Is recognized by host as foreign antigen 
B and T cells; humoral and cellular 
immunity; thymic dependent 

Both IgM and IgG; high titer 

Longor and consistent 

Effoctive In Infancy or older age 
Satisfactory 


Fig. 10.1: Routes of vaccination. (a) Oral: Pollovirus (attenuated), rotavirus; (6) Intranasal: Influenza virus (Iive-attenuated): 
(c) Intradermal: BCG, Inactivated pollovirus (fractionated dose) and rables; (d) Subcutaneous: Measles, mumps, rubella, varice!!a, 
yellow fever, Japanese encephalitis, meningococcal and pneumococcal polysaccharide, and Inactivated pollov''us: 


(e) Intramuscular: Most vaccines, Including hepatitls A and B; diphtherla, tetanus and pertussis, H, influenzae b, pneumococcal 
polysaccharide, Inactivated pollo and Influenza 


discoloration, particulate matter and inability to suspend 
the lyophilized powder. 


Vaccination Schedules and Immunization Programs 


The choice of vaccines in national immunization schedules 
is based on considerations of disease burden, vaccine 
availability and cost-effectiveness, and program coverage 
and sustainability. The Expanded Programme of Immunization 
(EPI), introduced by the World Health Organization 
(1974), was the first global immunization initiative. 
Adopted by India in 1978, the EPI focused on vaccinating 


young children with BCG, diphtheria and tetanus toxoids 
and whole cell pertussis (DTP or DTwP) and OPV 
vaccines, and chiefly covered urban areas. The Liniversa! 
Immunization Programme (UIP, 1985) improved nationwide 
coverage of immunization and also included measles 
vaccine. The Pulse Polio Immunization Programme (1995) 
enabled polio control. UIP has remained a key component 
of the Child Survival and Safe Motherhood Programme 
(1992), the Reproductive and Child Health Programme 
(1997) and National Rural Health Mission (NHRM, 2005): 
Efforts of UIP are supported by Child Vaccine Initiative 


, F 
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Box 10.1: Principles of immunization 





* Different live (oral, parenteral, intranasal) vaccines may be. 
given simultaneously, or at an interval of 4 weeks. 

° Different types of inactivated or subunit vaccines may be 
administered simultaneously or at any interval between their 
doses. A minimum interval of 4 weeks between two doses of 
the same vaccine is necessary to ensure adequate immune 
responses. An exception is the rabies vaccine. 

* There is no minimum recommended time interval between 
two types of vaccines. Hence, a live and an inactivated 
vaccine can be administered simultaneously or at any 
interval of time. 

« When necessary, two vaccines can be given in the same limb 
at a single visit, preferring the anterolateral thigh for 
simultaneous IM injections; vaccines are administered at 
least 1-inch apart. 

e A delay or lapse in the administration of a dose does not 
require the schedule to be repeated; the missed dose is 
administered and the course resumed at the point it was 
interrupted. 

® Vaccines should not be mixed ina syringe unless approved 
by the manufacturer. 

¢ Patients should be observed for allergic reactions for 15-20 
minutes after receiving immunization. 

¢ Immunization is not contraindicated in minor illness, 
prematurity, allergies, malnutrition, exposure to infection 
and antibiotic therapy. 

¢ Live vaccines are contraindicated in inherited or acquired 
immunodeficiency and during therapy with immuno- 
suppressive drugs, but may be given after a short (<2 weeks) 
course of low dose steroids. 

* Immunoglobulins interfere with the immune response to 
certain live vaccines like mumps, measles and rubella, but 
not OPV, yellow fever or oral typhoid vaccines. 

¢ Hepatitis B, tetanus toxoid and rabies vaccine may be given 
concurrently with corresponding immunoglobulin. 

¢ Active immunization should follow exposure to rabies, 
measles, varicella, tetanus and hepatitis B. 


and Global Alliance for Vaccines and Immunization (GAVI). 
Figure 10.2 and Table 10.6 depict milestones in the national 
immunization program and current national schedule. 


Mission Indradhanush: Despite the UIP being operational 
for three decades, recent surveys indicated that only 65% 
of infants received full immunization coverage. In 2014, 
the Government of India launched ‘Mission 
Indradhanush’ to strengthen UIP and achieve full 
immunization coverage rapidly (Box 10.2). The mission 
derives its name from the seven diseases prevented 
through these vaccines (BCG, OPV, pentavalent and TT 
vaccines) and focuses on complete immunization of all 
children less than 2-year-old and on pregnant women. 


Immunization Schedule of the 
Indlon Academy of Pediatrics (IAP) 


The LAP Advisory Committee on Vaccines and Immuniza- 
tion Practices (AC VIP) endorses the Na tional Immunization 





Expanded Programme of Immunization (EPI) 
BCG, OPV, typhoid and DPT 
Addition of TT vaccine 
Universal Immunization Programme (UIP) 
Addition of measles vaccine; typhoid discontinued 
Cold chain; nationwide implementation 

Pulse Pollo Immunization Campaign 
Hepatitis B immunization 

Introduced in some states; nationwide by 2010 
Japanese encephalitis (JE) vaccine | 
Only in endemic areas; 112 districts by 2010 
Hepatitis B scaled up to entire country 
Second dose of measles 
Pentavalent (DPT+HBV+HiB) vaccine 
Introduced in some states | 

Second dose of JE vaccine (in endemic districts) 
JE vaccine for adults (in endemic districts) 
Inactivated poliovirus vaccine (nationwide by 2016) 
Mission Indradhanush (to improve coverage) | 
Rotavirus vaccine (in some states) 
Human papillomavirus vaccine (in some states) | 
Measles-Rubella Vaccination Campaign 
Intensified Mission Indradhanush 
Pneumococcal conjugate vaccine (in some states) 





Fig. 10.2: Milestones in the National Immunization Programme. 
The program that started with four vaccines against six infectious 
illnesses Now provides coverage against 13 childhood infections. 


Programme, but recommends certain additional vaccines 
based on regional burden of vaccine preventable diseases 
and the availability, safety and efficacy of various vaccines 
(Table 10.7). Figure 10.3 compares the national programs 
and recommendations of the IAP. 


COMMONLY USED VACCINES 


The following section describes vaccines recommended 
in the national immunization program or Indian Academy 
of Pediatrics for normal children and certain high-risk 


groups. 





BCG Vaccine 


Bacillus Calmette-—Guérin (BCG) vaccine contains bacilli 
derived from subcultures of live-attenuated M. bovis 
Calmette—Guérin strain. The vaccine used in India is the 
Copenhagen (Danish 1331) strain produced at Guindy 
(Tamil Nadu) and available as lyophilized powder in 
vacuum-sealed dark multidose vials. When reconstituted 
with sterile normal saline, each dose (0.1 mL) contains 0.1- 
0.4 million live viable bacilli. This heat and light sensitive 
vaccine is stable in lyophilized form at 2-8°C for one year, 
but loses potency rapidly when reconstituted. 

BCG vaccine primarily induces cell-mediated 
immunity. Meta-analyses estimate that the vaccine has low 
protective efficacy against primary infection (~40%), 
pulmonary infection (8-79%) and all forms (~50%) of 
tuberculosis. However, it enables satisfactory (>50%) 
protection against severe forms of tuberculosis (miliary 
tuberculosis, tubercular meningitis) and reduces the risk 
of mortality. As childhood tuberculosis accounts for 15- 
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Table 10.6: Immunization schedule In India before and alter phased introduction of new 

‘Age Schedule In 2010 Schedule in 2017 

At birth BCG, OPV-0, HBV-0 BCG, bOPV-0, HBY-O 

6 weeks OPV-1, DTP-1, HBV-1 bOPV-1, Pentavalent-1, Rota-1", fIPV-1, PCy. 
10 weeks OPV-2, DTP-2, HBV-2 bOPV-2, Pentavalent-2, Rota-2° 

14 weeks OPV-3, DTP-3, HBV-3 bOPV-3, Pentavalent-3, Rota-3", APY-2, POv-2 
9 months Measlos-1, JE-1* MR-1’, JE-1*, PCYV-3° 

16-24 months Measles-2, DTP-B1, OPV-B DTP-B1, bOPV-B, JE-2", MR-2” 

5-6 years DTP-B2 DTP-B2 

11-13 years - HPV-1, HPV-2" 


B: Booster; BCG: Bacillus Calmette-Guerin; bOPV: Bivalant oral poliovirus; DTP: diphtheria, pertuesi¢, tetanus, {IPY: Fractionated inactivates 
poliovirus; HBV: Hepatitis B virus; HPV: Human papillomavirus; JE: Japanese encephalitis; MA: Measles, rubella; PCY: Pneumococca) conjugen: 
vaccine; Pentavalent: DTP+HBV+ Haemophilus influenzae b; Rota: Rotavirus 
“Where implemented 


Box 10,2: Mis 





Launched: December 2014 
Objective: Fully immunize >90% of infants by 2020 
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Strategy: Special immunization drives; intense efforts in focus areas 
Focus: 201 districts in 28 states that have the majority of partially immunized or unimmunized children 


Coverage: 528 districts in 35 states and union territories 


Personnel: 3As (Anganwandi workers, accredited social health activists, auxiliary nurse midwives) 


Achievements: By August 2017, annual increment in immunization coverage increased from 


1% in 2014 to 6.7% in 2015 


Intensified Mission Indradhanush 
Launched: October 2017 
Objective: Fully immunize >90% newborns by December 2018 


Implementation: Week-long immunization drives from 7th of each month 
Additional: (i) Need based interventions; (ii) strengthen involvement of relevant non-health 
departments; (iii) enhanced accountability; (iv) vaccination on demand to children $5 years 





Be Wise! 


Get your child 
Al fully immunized 






Coverage: Left out and drop out sites in selected 173 districts and urban areas in 17 cities (i) with low routine immuniz2iion 
coverage (urban slums; nomadic sites; areas with vaccine preventable disease outbreaks); (ii) without ANMs; (iii) population per 


subcenter higher than norm; (iv) 23 consecutive missed routine immunization sessions 


20% cases and is disseminated, vaccine administration in 
infancy prevents serious morbidity. Since maternal 
antibodies do not interfere with cellular immune 
responses, BCG is given at birth ensuring compliance and 
early protection. 

Conventionally, BCG vaccine is administered at insertion 
of the deltoid on the left shoulder to allow easy identification 
of its scar (Box 10.3). Intradermal injection using a 26 G 
needle raises a 5-7 mm wheal. Bacilli multiply to form a 
papule by one week that enlarges to 4-8 mm, ulcerates by 
5-6 weeks and heals by scarring by 6-12 weeks. Inadvertent 
subcutaneous injection causes persistent ulceration and 
ipsilateral axillary or cervical lymphadenopathy, Children 
with severe immunodeficiency may develop disseminated 
BCG disease 6-12 months afer vaccination. Although 
immunity wanes, repeat doses of BCG are not useful, 
Proposed tuberculosis vaccines, including DNA subunit, 
viral vector and recombinant vaccines carrying M. 
tuberculosis antigen(s), and live vaccines with recombinant 
or mutant bacilli, are being studied. 


Pollomyelitis Vaccines 


Vaccination is an important strategy for preventing 
paralytic poliomyelitis, caused by poliovirus serotypes !- 
3, chiefly in young children. Two types of vaccines 4re 
available; Live-attenuated oral poliovirus vaccine (CY), 
and inactivated poliovirus vaccine (IPV). 


Oral Polio Vaccine (OPV) 


OPV contains live vaccine (Sabin polioviruses) attenuated 
by repeated passage in monkey kidney cell cultures and 
stabilized with magnesium chloride. When administered 
orally, the vaccine viruses infect the intestinal mucosa 214 
multiply in mucosal cells. Mucosal immunity protects 
from paralytic poliomyelitis by reducing the chances of 
infection when wild-type poliovirus is encountered; wild 
virus is excreted for shorter periods and in fewer numbers. 
reducing feco-oral transmission and interrupting wild 
virus circulation. Multiple OPV doses are essential 0 
ensure appropriate response, which is affected by 
interference by maternal antibodies, competition by other 
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Table 410. r: Immunization schedule recommended by the | 
‘Indian Academy of Pediatrics 
Age Schedule” 


At birth BCG, bOPV-0", HBV-1 

6 weeks IPV-1*, HBV-2*, DTP-1, Hib-1, Rota-1, PCV-1 
10 weeks IPV-2*, DTP-2, Hib-2, Rota-2, PCV-2 

14 weeks IPV-3*, DTP-3, Hib-3, Rota-3, PCV-3 

6 months bOPV-1*, HBV-3* 

9 months bOPV-2*, MMR-1, Typhoid (conjugate), JE-1§ 
12 months IPV-B1*, Hib-B1, PCV-B1, HAV-1* 

15 months DTP-B1, MMR-2,Varicella-1, JE-25 

18 months HAV-2* 

2-3 years Typhoid (conjugate)-B 

4-6 years bOPV-3*, DTP-B2, MMR-3, Varicella-2 
11-12 year Tdap; HPV-1 & HPV-2* 


B: Booster; BCG: Bacillus Calmette-Guerin; bOPV: Bivalent oral poliovirus; 
DTP: Diphtheria pertussis, tetanus; HAV: Hepatitis A virus; HBV: Hepatitis 
B virus; Hib: Haemophilus influenzae b; HPV: Human papillomavirus; IPV: 
Inactivated poliovirus; JE: Japanese encephalitis; MMR: Mumps, measles, 
rubella; PCV: Pneumococcal conjugate; Rota: Rotavirus 

“Preferred schedule detailed under respective vaccines, particularly 
where indicated by; 

"Influenza vaccine recommended annually and vaccination in high-risk 
groups not shown 

‘Only in endemic areas 


enteroviruses, concomitant diarrhea and interruptions in 
the vaccine cold chain. Vaccine ‘take’ and seroconversion 
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Box 10.3: Bacillus Calmette-Guerin (BCG) Nie [ereilal=: 


Dose, route 0.1 mL; intradermal j 
Site Left upper arm at insertion of deltoid 
Schedule a 
National program At birth; catch up till 1-yr (if missed) 
LAP 2016 At birth; catch up till 5-yr 


Adverse reactions Local ulceration; discharging sinus; 
axillary lymphadenitis 
If immunodeficient, disseminated 


infection, osteomyelitis; scrofuloderma 


Contraindication Cellular immunodeficiency; sympto- 
matic HIV 
Storage 2-8°C; sensitive to heat and light; 


discard reconstituted vaccine after 4 hr 


rates are lower in developing compared to developed 
countries. 

Each dose (2 drops) of trivalent OPV contained 10°—10° 
median cell culture infectious doses of each serotype 1, 2 
and 3. Type-specific immunity was associated with highest 
seroconversion rates for OPV type 2, leading to eradication 
of wild type OPV2 in 1999. Since this serotype inhibits take 
of OPV1 and OPV3, and most cases of vaccine-derived 
poliomyelitis (VDPV) are due to OPV2, as part of Polio 
Eradication and Endgame Strategic Plan 2013-18, trivalent 
vaccine has been replaced by bivalent OPV (bOPV); OPV2 
use was globally discontinued in April 2016. 
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Schedule Recommended age BCG Bacillus Calmette-G 

———— 3 Bacillus Calmette-Guerin; DTP diphtheria, pertussis, tetanus: 
Universal Immunization Program only Sa tr ago > IPV inactivated poliovirus; MMR mumps, measles, rubella; OPV 
Indian Academy of Pediatrics only Se ae SI oral poliovirus; TT tetanus toxoid 
Both Schedules ie = “Boosters (B) as either whole cell or acellular vaccine; B3 as 
Only in selected areas in UIP tetanus with reduced diphtheria and reduced pertussis (Tdap) 


Fig. 10.3: Vaccinations scheduled in Universal Immunization Program and Indian Academy of Pediatrics (2016). Details are under 


respective vaccines 
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Since OPV is very sensilive to temperature, its potency 
is monitored using vaccine vial monitor (VVM), a heat 
sensitive patch on the vial label (section on Cold Chain), 
To decrease chances of vaccine failure, al least three doses 
are required 4-8 weeks apart. The administration of ‘zero’ 
dose at birth enhances seroconversion, Breastfeeding and 
mild diarrhea are not contraindications for OPV 
administration. Children with immunodeficiency and 
pregnant women should not receive the vaccine; its use is 
also avoided in household contacts of these patients, 

In the past, OPV vaccine was given simultaneously with 
DPT vaccines at 6, 10 and 14 weeks, followed by two 
booster doses with DTP boosters at 15-18 months and 
5 years. Since 1995, children below 5 years also received 
the vaccine during the (sub-) national immunization days 
and supplementary immunization actitivities in the Pulse 
Polio campaign, wherein simultaneous administration of 
OPV to all young children in the community interfered 
with feco-oral transmission of the circulating wild 
poliovirus. Together with surveillance and targeting of 
migrant populations and high-risk areas, wild poliovirus 
was eradicated from India; the last wild polio case 
(serotype 1) reported from Howrah in January 2011. 

While OPV is preferred for eradication of poliomyelitis, 
the virus may regain neurovirulence, resulting in vaccine- 
associated paralytic poliomyelitis (VAPP) in 1 of 1.5 
million OPV recipients, chiefly with OPV3 (recipients) or 
OPV2 (contacts). Further, outbreaks of paralytic 
poliomyelitis may be caused by a virulent strain of 
poliovirus formed by mutation of OPV, chiefly OPV2, 
called the circulating vaccine-derived poliovirus (cVDPV). 
Similar to the wild virus, CVDPV spreads rapidly through 
the community to cause outbreaks, especially in areas with 
low or declining rates of OPV coverage. 


Inactivated Pollo Vaccine [IPV) 


IPV is a suspension of formaldehyde killed (salk) 
poliovirus grown in monkey kidney, human diploid or 
Vero cell culture. The vaccine primarily induces humoral 
immune response, but pharyngeal and possibly, intestinal 
mucosal antibodies are also induced. Vaccine potency is 
measured by its ‘D’ antigen content. Each dose of currently 
used third generation or enhanced potency IPV (eIPV) 
vaccines contains 40D, 8D and 32D units of types 1, 2 and 
3 polioviruses, respectively, grown in Vero cell culture 
and purified before inactivation. IPV is highly 
immunogenic; with seroconversion in 90-99% of infants 
over 8 weeks old administered 2-3 doses 4-8 weeks apart. 
Vaccination beginning at 6 weeks carries risk of 
interference with maternal antibodies. Despite low titers 
of secretory JgA and weak induction of herd immunity, 
IPV has excellent efficacy in preventing poliomyelitis. IPV 
administration has the advantage of not causing VAPP. 
Hence, following a phase of sequential or combined OPV- 
IPV use, countries with sustained eradication of circulating 
wild poliovirus have switched to exclusive use of IPV, 
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Recommenaations on Vaccination 
Against Poliovirus In Inala 


Since February 2014, WHO no longer sega any. 
only schedule. This is because IPV, apart from protectin 
from wild type poliovirus also protects against poliomyelitis 
caused by eVDPV2 (bOPV used for routine immunization; 
population immunity for OPV2 is declining). Most countries 
practice a sequential IPV-OPV schedule, which has the 
advantage that the risk of OPV-ind uced VAPP is minimized 
by prior administration of IPV, while ENSuring, adequate 
mucosal immunity to interrupt wild poliovirus circulation, 
WHO recommends that all countries using only OPV should 
add at least one dose of IPV to the national schedule. The primary 
series consisting of three OPV doses plus one IPV dose can 
be initiated from the age of 6 weeks, with minimum interval 
of 4 weeks between OPV doses. If one dose of IPV is used, 
itis given at 14 weeks of age when maternal antibodies have 
diminished and immunogenicity is higher, one of the major 
objectives of the Polio Eradication and Endgame Strategic 
Plan 2013-2018 (see below) is to introduce at least one dose 
of IPV into routine immunization schedules, strengthen 
routine immunization and withdraw OPV in a phased 
manner, starting with OPV2. 

Evidence suggests that VDPV and wild type OPV may 
surface 4 years and 10 years, respectively, after global 
cessation of OPV. Even after global OPV withdrawal, 
national schedules should continue to provide at least two 
doses of IPV in their immunization schedule, administered 
either as full or fractional doses, for at least 10 years after 
OPV withdrawal. While efforts are ongoing to prioritize 
IPV supply for use, experts suggest continuation of a 2- 
dose fractional (fIPV) dose schedule, which ensures that 
all eligible infants receive IPV. This strategy is dose sparing 
(one-fifth the IM dose) and results in better immuno- 
genicity than a single intramuscular dose of IPV. Two 
fractional doses or two full IPV doses are required to 
achieve 290% seroconversion, with the first dose given 
214 weeks and an interval 24 months between the first 
and second doses. Administering fIPV during routine 
immunizaton visits at 6-14 weeks achieves high vaccine 
coverage and acceptability, 

IPV was, therefore, introduced in India in 2015-16 with 
two fractional (fIPV) intradermal doses at 6 and 14 weeks 
(Box 10.4). Children continue to receive bOPV on all 
national immunization days and during supplementaty 
immunization activities, Patients that miss immunization 
‘moderatel effective’ Sater ae ee sched eS 
. y etfective’ against OPV2. It prefers the more 
sees eeene Minee dose schedule, or two intramuscwial 
(Box ‘ Ar aten te at 8 weeks and given 8 weeks apa 

; dete ae ootnote). IPV is the vaccine of choice ut 
patients with immunodeficiency including s mptomatic 
HIV, and in siblings and close contacts z ! h patient> 
These children should not hence an 

oe receive OPV and recelvé 
additional booster dose of IPy nf 
at 5 years. Both schedules 
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Uievlent aval pollovirus CUTE 


Dass, rote vo drops; oral 

Schedule 

National program Dose at birth or <2 weeks (zero dose); 

Ld ‘ , 
{OPV and IPY) A doses até, 10 ane ll weeks) (wo 
booster doses at 15-18 months anc 

: D years 

AAP Wo At bieth, 6 months, 9 months and § years 
(OPV and IPV)* 

Catch up Up tod years: Three doses 4 weeks apart 


Adverse rarctionts Vacelne-derived poliovirus; vaccine: 
assoclated paralytic poliomyelitis 
Contnaindioutions 
symptomatic HIV 

2-8°C; seusitive to heat; use vacelne 


Stoniye 
. vial monitor 


Inherited or acquired imounodeflelency; 


Box 10.4: Uivalon! oral pollovitus (OPV) and Inaelivaled polloviius (WV) vVaoCcinEs 





Inactivated pallovtrus vacetne 
(0.5 mt, IM or $C; 0.1 mi, intradermal 


0.1 mf intradermal (fractional doze) at 6 and 
14 weeks: or one fall IM dase at 14 weeks 


3 doses of IPV at 6, 10 and 14 weeks; or 2 doses 
at Band 16 weeks (primary) and one dase 

at 15-18 months (booster) 

Up to 5 years: 3 doses at 0, 2 and 6 months 
Local pain, swelling 


Known allergy 


2-8°C; sensitive to light and heat; use vaccine 
vial monitor 


“TAP recommends above as ideal, but no child should go uniniaualzed alany Ume point when pollo vaccine is indicated, and should receive OPV 


iEIPV cannot be given due to shortage /non-ayailability, 


UIP intradermal (1D) fractionated dose IPV schedule ls moderately effective; one intramuscular (IM) dose is given 28 weeks after second ID-f1PV 
dose; Fane dase of ID-FIPY was given, two IM doses are given at 8 week Intervals, 


retain the birth dose of OPV; this dose is necessary in areas 
with continued risk of wild virus transmission, and is 
unlikely to cause VAPP in presence of maternally 
transmitted antibodies. 


Polio Eradication and 
Endgame Strategic Plan 2013-2018 
This is a comprehensive strategy to deliver a polio-free 
world, developed by the Global Polio Eradication Initiative 
in consultation with health authorities, experts and other 
stakeholders. The plan addresses the eradication of all polio 
disease, caused by wild or circulating vaccine- derived 
poliovirus. Its objectives are: (1) Detect and interrupt all 
poliovirus transmission; (ii) strengthen immunization 
systems and withdraw OPV; (i) contain poliovirus and 
certify interruption of transmission; and (iz) plan post-polio 
legacy (Fig. 10.4). A midterm review suggests that certain 
activities require focus, including: (i) strengthening d iscase 
surveillance; (ii) improving quality of Immunization 
campaigns; (iii) building capacity to respond to outbreaks. 
A post-certification strategy is being developed to maintain 
a polio-free world. Its goals are: (7) Contain poliovirus 
sources by ensuring that they are properly controlled or 
removed; (it) protect populations by withdrawing OPV and 
immunizing with IPV against possible re-emergence of any 
poliovirus; and (iii) detect and respond promptly to any 
poliovirus reintroduction. 


Diphtheria, Pertussis and Tetanus Vaccine 


Diphtheria vaccine contains diphtheria toxin (DT) 
inactivated by formalin and adsorbed on aluminum 


hydroxide, the adjuvant, This is the most commonly used 
vaccine, The quantity of toxoid in the vaccine, expressed 
as limit of flocculation (Lf) content is 20-30 Lf of DT, 5-25 
Lf of tetanus toxoid (TT) and >4 IU of whole cell killed 
pertussis. 

Maternal antibodies protect the infant against disease 
and interfere with immune responses to DPT vaccination, 
particularly against pertussis. Protection requires that 
vaccination is begun within a few weeks of life and 
multiple doses are given. Primary immunization with 3 
doses of the vaccine, given 4-8 weeks apart, induces 
satisfactory immune response to DT and TT in 95-100% 
infants. Protective efficacy against pertussis is lower, at 
~70-90%, and wanes over 6-12 years. Immunization does 
not eliminate C. diphtheriae from the skin or nasopharynx. 
Booster doses are required to sustain a protective antibody 
titer of 0.1 [U/mL and protect from disease in the first 
decade of life. Natural infections and immunization 
against pertussis induce immunity lasting 4-12 years, 
making boosters necessary to prevent infection in 
adolescence. Box 10.5 indicates the schedule for 
administration of DTwWP or DTaP, containing DT, TT and 
acellular pertussis, 

DTwP vaccine is commonly associated with local (pain 
and redness) and systemic (fever) reactions, chiefly 
attributed to the pertussis component. The incidence of 
these adverse effects increases with the number of doses 
administered; hence the vaccine should not be used 
beyond 5 doses or beyond 7 years of age. DTP is also 
incriminated in rarely inducing of serious neurological 
complications, though conclusive evidence is lacking 
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Fig. 10.4: Pollo Eradication and Endgame Strategic Plan 2013-18. There are four major objectives with corresponding areas of 
work. The bottom panel outlines the timeline of wild type and vaccine-derived poliovirus elimination 


(Box 10.5). The vaccine is contraindicated in childrenwith complete the immunization schedule with DT that 
progressive neurological disease; children with stable contains the same doses of DT and TT as DTP, but is 
neurological diseases (e.g. developmental delay, cerebral —_ devoid of the pertussis component. DT is recommended 


palsy and idiopathic epilepsy) may receive the vaccine. ayy to the age of 7 serra bauetid ARIE Tena heise 
Absolute contraindications to administration of the P 5 ) y © Use 


vaccine and adverse events that require precaution are Ace 
listed in Box 10.5, if an event listed as precaution recurs cellular Pertussis Vaccine (DTaP) 

with a subsequent dose, further doses are contraindicated. | Thesuspicion that the active pertussis toxin and endotoxin 
Individuals in which DTP is contraindicated should cause the adverse events associated with DTwP led to the 












Box 10.5; Diphtheria toxoid, tetanus foxold and killed whole cell pertussis (DTWP) or acellular pertussis (DlaP) vaccingae 


Dose, route 0.5 mL; intramuscular 

Site Anterolateral aspect of mid-thigh (gluteal region: sciatic nerve injury; inadequate response) 

Schedule 

National program DTwP at 6, 10 and 14 weeks (primary); at 15-18 months and 5 years (boosters) 

IAP 2016 (see footnote) DTwP for primary and DTaP or DTwP for booster in schedule as above; Tdap/Td at 0-12 
years; Td every 10 years 

Catch up (IAP 2016) <7 years: DIwP (preferred) or DTaP at 0, 1 and 6 months 

e 7-10 years: Tdap at 0 month; Td at 1 and 6 months 


>11 years: One dose of Tdap; one dose of Td every 10 years 


Adverse reactions Common: Local pain, swelling, fever (DTwP>DTaP) 
Rare: Hypotonic hyporesponsive episodes, inconsolable er > fever 540. 5°C: sejeures} 
encephalopathy (DTwP=DTaP) pecever S40, 8°C) valeurs 
Contraindications (1) Progressive neurological disease (administer DT or dT instead); (ii) Anaphylaxis after pres iu! 


dose; (iii) encephalopathy within 7 days of previous dose 

Precautions; Previous dose associated with (i) fever >40.5°C withi 

hyporesponsive episode <48 hours; (ii!) persistent Inconsolable 
(iv) seizures <72 hours 

‘Storage 2-8°C; sensitive to light | 


‘ ; : t 


N 48 hours; (ii) hypotonic 
crying for >3 hours, <48 hour 


[AP recommmendations: 

DTwP should be used in primary immunization; DTaP vaccine should be used only in children with severe adverse effects after previous dove 0! 
DTwP or children with neurologic disorders; Either DTwP or DTaP may be used for booster doses; DTaP used should have 23 BS more portus™ 
components; Tdap should not replace the second booster of DTwP or DTaP . 
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development of various types of purified acellular 
pertussis vaccines, or DTal, These vaceines contain 
inactivated pertussis toxin and one or more additional 
pertussis antigens, like filamentous hemagglutinin (FETA), 
pertactin, fimbrial protein and a nontimbrial protein, 
Approved Vaccines have at least three pathogenic 
pertussis antigens, at least 4 1U of inactivated pertussis 
toxin and 6.7—25 Lf of DT. While the efficacy of these 
vaccines is similar to DTwP, the risk of systemic and local 
side effects is lower, The DTaP vaccine is not included in 
the National Program due to its prohibitive cost. The LAP 
reviously recommended that the vaccine be offered to 
all children who can afford, in view of the advantage of 
fewer side effects, or following an adverse effect with 
DTwP. Since recent studies suggest that the efficacy of 
DTaP vaccines, when used for primary immunization, is 
lower (46-92%) than with DTwP (61-89%) particullarly 
for perfussis, the IAP thus recommends that only DTwP 
(and not DTaP) be used for primary immunization, 
Boosters at 16-24 months and at5 years may be with either 
DIwP or DTaP (Box 10.5), Contraindications for DTaP 
vaccine are similar and the vaccine should not be given, if 
a previous dose of DTwP or DTaP was associated with a 
contraindication; these children should complete 
immunization with DT instead of DTwP or DTaP. 


Reduced Antigen Acellular Pertussis Vaccine (Tdap) 
ond Reduced Antigen Diphtheria 
Toxold Vaccine (Td) 


As natural immunity to diphtheria and pertussis is 
acquired through apparent or inapparent infections 
(Chapter 11), a large proportion of adults especially in 
developed countries, are susceptible through lack of 
natural boosting and waning of immunity. In nonendemic 
countries, revaccination against diphtheria every 10 years 
may be necessary to sustain immunity among adults, 
particularly healthcare workers. Vaccines useful in such 
situations include diphtheria and tetanus toxoids (DT) and 
combinations with reduced toxoid content (Td, Tdap). 
While standard dose DT is recommended for primary 
immunization against diphtheria because of its superior 
immunogenicity and minimal reactogenicity, the 
reactogenicity of the vaccine increases with age. If given 
beyond 7 years of age, primary immunization or booster 
doses should be in the form of Tdap or Td, which contain 
smaller amounts of diphtheria toxoid (2 Lf) and acellular 
pertussis vaccine than DTP, and is adequately immuno- 
genic even in adults. To promote immunity against 
diphtheria, this vaccine may be used whenever TT is 
indicated in children above 7 years of age. 


Similarly, Tdap offers the prospect of reducing pertussis 
incidence in adults and adolescents, and also reduces the 
tisk of their transmitting disease to young children, Its 
reduced antigen content causes less severe adverse effects 
while being sufficient to induce protective response in 
previously immunized (booster effect). The available Tdap 


Vaccines in India contain 5 Lf of tetanus toxoid, 2 Lf of 
diphtheria toxoid and three acellular pertussis components 
(pertussis toxoid 8 1g, filamentous hemagglutinin 8 ug 
and pertactin 2.5 1g). Contraindications to Tdap are the 
same as those listed for DTaP or DTwP. Tdap may also be 
used as replacement for Td/tetanus toxoid (TT) booster 
in children above 10 years and adults of any age, if they 
have not received Tdap in the past and 5 years have 
vlapsed since the receipt of previous TT/Td vaccine. 


Tetanus Vaccine 


Extensive routine immunization of pregnant women has 
led to decline in the incidence of neonatal tetanus. 
Immunizing pregnant women with two doses, with the 
second dose administered at least 4 weeks prior to 
delivery, provides passive immunity to the baby due to 
the transplacental passage of IgG antibodies, Tetanus toxin 
is inactivated by formalin and adsorbed onto aluminum 
salts to enhance immunogenicity. Each dose of the vaccine 
contains 5 Lf of toxoid. The vaccine is heat stable and 
remains potent for a few weeks even at 37°C. The efficacy 
of TT vaccine varies between 80 and 100%. While antitoxin 
level of 0.01 1U/mL is considered protective, the level of 
protection available also depends on the toxin load. Since 
tetanus may occur at any age, primary immunization 
should begin in early infancy. Tetanus toxoid is given with 
DT and pertussis vaccine in DTP. DT, Td and TT may be 
used as boosters at 10 and 16 years of age and for wound 
prophylaxis (Table 10.8). Children who have not received 


primary immunization, should receive 2 doses of TT 
1 month apart. 


Measles-containing Vaccines 


Measles vaccine, derived from the Edmonston-Zagreb 
strain, is available as a monovalent preparation, or in 
combination with rubella (MR), mumps (MMR) and 
varicella (MMR-V). Both cellular and humoral responses 


‘are elicited. Since infants are protected by maternal 


antibodies till 6-9 months of age, administering the 
vaccine at 9 months in endemic countries balances the 
need for early protection with the ability to ensure 
seroconversion. However, interference by maternal 
antibodies causes primary vaccine failure in 15%, making 
a second dose necessary at 15 months. During outbreaks, 
the vaccine may be given even earlier (~6 months) with a 
repeat dose at 12-15 months. Each vaccine dose contains 
at least 1000 infective units of the attenuated virus. Measles 
vaccine loses potency rapidly after reconstitution; unused 
vaccine should be discarded after 4-6 hours since 
contamination may lead to staphylococcal sepsis and toxic 
shock syndrome. 

The two doses of measles vaccine at 9-12 and 15-24 
months (Box 10.6) in the national immunization program 
are being replaced by the MR vaccine in a phased manner. 
This follows the nationwide ‘measles rubella’ program 
(launched February 2017) in which one dose of the vaccine 
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wo a ‘Table 10.8 Tetanus prophylaxis following wound a fo Hs | 
Past doses of TT Clean minor wound All other wounds 

aa: Tetanus immunoglobulin TT Tetanus immunoglobufn 
Unknown: <3 doses Yes No Yes Yes 
or immunodeficient 
23 doses No* No No** No 


Give tetanus toxoid (TT) if more than *10 years or **5 years have elapsed since last dose 


is given to all children 9 months to 15 years of age, 
irrespective of their immunization status. Recognizing the 
Significant morbidity associated with mumps infections, 
the IAP recommends MMR instead of MR at 9— and 16—24 
months. LAP also recommends a third dose of MMR at 
+ years, chiefly in order to boost anamnestic response. 

Post-exposure prophylaxis with immunoglobulin is 
considered for immunocompromised contacts and 6-12- 
month-old infants within 6 days of exposure (see Passive 
Immunization). Unimmunized immunocompetent 
contacts older than 12 months should receive measles or 
MMR vaccine within 72 hours of exposure. 


Measles Mumps Rubella (MMR) Vaccine 


While childhood mumps is often subclinical or causes 
benign parotitis, infections in adolescents and adults may 
be associated with oophoritis or meningitis. Rubella is a 
benign illness with rash and transient arthritis; vaccination 
aims at preventing congenital rubella syndrome with fetal 
growth retardation, heart disease, hearing defects, 
microcephaly and hepatosplenomegaly. Most developed 
countries use MMR rather than measles vaccine for 
primary immunization. 

The rubella component is the RA 27/3 strain and the 
mumps component contains the live-attenuated Jeryl- 
Lynn strain, both grown in human diploid or chick embryo 
cell cultures. Each dose contains 1000, 5000 and 1000 
TCID50 of live-attenuated measles, mumps and rubella 
viruses, respectively. Mucosal and systemic humoral and 
cellular responses are elicited following vaccination. 
Seroconversion rates following a single dose are 86-100% 





for mumps and >95% for rubella. While prolonged 
immunity is seen, rubella and mumps infections are 
reported beyond 5 years, confirming the need for a booster 
dose at 4-6 years. The vaccine is safe, but should be 
avoided in pregnancy and immunodeficiency. Adverse 
effects are mild (Box 10.6). 

The vaccine is dispensed as a lyophilized preparation 
that should be used within + hours of reconstitution. 
Haphazard use of MMR vaccine without ensuring optimal 
(>80%) immunization coverage may result in an 
epidemiological shift of disease with more cases in 
adulthood and a paradoxical increase in congenital rubella 
syndrome. The latter was observed in Greece in 1990s 
following incomplete MMR coverage in the 1970s. 


Hepatitis B Vaccine 


Hepatitis B virus (HBV) vaccine contains the surface 
antigen HBsAg, produced by recombinant DNA 
technology in yeast, adsorbed on aluminum salt as 
adjuvant. While immunization at birth, 1 and 6 months 
has better immunological efficacy than the regime advised 
in the National Program (Box 10.7), the latter integrates 
HBV vaccination into the existing schedule without 
increasing visits and ensures compliance. Since 
immunization at birth prevents horizontal transmission, 
vaccination must begin at birth, if the mother’s HBsAg 
status is not known. If the mother is known to be HBsAg 
positive, the child should receive the vaccine within a few 
hours of birth, and hepatitis B immunoglobulin (HBIG) 
within the first 24 hours at separate sites (see Passive 
Immunization). Subsequently, any of the schedules 


Box 10.6: Measles-containing vaccines 











Dose, route 0.5 mL; subcutaneous 

Site Right upper arm (at insertion of deltoid) or anterolateral thigh 

Schedule 

National program At 9-12 and 15-24 months, as measles or measles rubella vaccine 

‘ IAP 2016 At 9-12 months, 15-18 months and 4-6 years; preferably as MMR; avoid MMR-V <2 years 
Catch up Complete schedule with >4 weeks gap between doses; can use MMR-V >2 years 


Adverse reactions 


Local pain, tenderness; febrile seizures (especially with MMR-V in <2-yr-old) 


Measles vaccine: Fever or transient macular rash (after 7-12 days) 
MMAR vaccine: Transient rash, arthralgia, aseptic meningitis, lymphadenopathy 


‘Contraindications 


: S torage 


MMR-V: Measles, mumps, rubella, varicella 


Immunosuppression; malignancy; immunodeficiency (symptomatic HIV); recent infusion of 
immunoglobulin-containing blood product , 
2-8°C; sensitive to heat and light; use within 4-6 hours of reconstitution 
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Box 10,7; Hepalilis B vaccine 


0.5 mL (10 jg); 1 mL in immunosuppressed 
children, malignancy or hemodialysis 
and adults; intramuscular 





Dosv, route 


Site Anterolateral thigh or deltold; avoid 
gluteal region 
Schedule 
National program = At birth, 6 weeks, 10 weeks and 14 weeks 
IAP 2016 Preferred schedule: Gap between first 
two doses is 24 weeks; doses 2 and 3 is 
28 weeks; and first and final doses is 216 
| wecks; final dose 26 months of age* 
Catch up Three doses at 0, 1 and 6 months; 


preferred gap between first two doses 
is 24 weeks, and doses 2 and 3 is 28 
weeks 

Local soreness; fever; fatigue 
Anaphylaxis after previous dose 
2-8°C; do not freeze 


*Following are also acceptable: Birth, 1 and 6 months; birth, 6 
and 14 weeks; birth, 6, 10 and 14 weeks 


Adverse reactions 
Contraindication 
Storage 


incorporating a birth dose of the vaccine can be used. If 
HBIG is not administered, the baby should be immunized 
in an accelerated schedule at 0, 1 and 2 months, and an 
additional dose at 9-12 months. Combined passive and 
active immunization with use of HBIG and HBV vaccine 
results in 90% reduced risk of HBV transmission in 
patients with needle stick injuries, sexual exposure or use 
of blood product not screened for HBV. 

Seroconversion rates exceed 95% after three HBV doses: 
Antibody titer >10 mIU/mL is protective. Vaccination 
usually induces long-term immunity, and booster doses 
are not routinely recommended. Double dose of vaccine 
and boosters may be required in patients with chronic 
kidney disease or immunodeficiency, in whom titers may 
wane. 


Hemophilus Vaccine 


Haemophilus influenzae b (Hib) causes invasive infections 
such as pneumonia, meningitis and bacteremia, especially 
in children <2-year-old. Vaccination prevents 33'% of 
pneumonia and 90% meningitis related to Hib. The chief 
antigen is Hib capsular polysaccharide, polyribosylribitol 
phosphate (PRP), which is conjugated to tetanus toxoid 
(PRP-T), mutant diphtheria toxin CRM-197 (Hib-OC) or 
meningococcal outer membrane protein (PRP-OMP). Both 
monovalent and combination (with DTP and hepatitis B 
or IPV) vaccines are safe and immunogenic, with efficacy 
of 85-95%. The vaccination schedule depends on age of 
the child at immunization (Box 10.8). A booster is required 
in the second year to sustain protection. As Hib infections 
chiefly affect preschool children, IAP recommends that 
the vaccine be given to all children up to the age of 5 years; 
older children need vaccination, only if planned for 
splenectomy or if having sickle cell disease. Hib vaccine 


Se 





Box 10.8: Haemophilus influenzoe b vaccine 





0.5 mL, intramuscular 
Anterolateral thigh 


Dose, route 
Site 
Schedule 
National program Pentavalent vaccine with DTP and 
hepatitis B; three doses given at 6, 10 


and 14 weeks 


IAP 2016 As above; 3 doses at 26 weeks given 
>4 weeks apart; one booster at 15-18 
months 

Catch up At 6-12 months: Two doses 28 weeks 


apart; one booster at 15-18 months 
At 12-15 months: One dose and one 
booster at 15-18 months 

15-60 months: One dose; not 
recommended >5-year-old except, if 
hypo/asplenia 

Fever, rash, local pain or redness 
Hypersensitivity to previous dose 
2-8°C 


Adverse reactions 
Contraindication 
Storage 


is now part of the Universal Immunization Program, 
introduced as a pentavalent vaccine (DTP, HBV and 
HibPRP-T vaccines) in 2015. 


Pneumococcal Vaccine 


S. pneumoniae causes 15-50% of community-acquired 
pneumonia, 30-50% of acute otitis media and 50% of 
deaths due to pneumonia. Pneumococcal pneumonia is 
the leading single cause of vaccine-preventable deaths, 
globally and in India. Twenty of 90 known serotypes 
account for 80% of invasive pneumococcal disease, and 13 
serotypes cause 75% of invasive disease in young children. 
Children below two years of age are particularly 
susceptible to invasive pneumococcal disease. Children 
at high risk of disease, regardless of age, include: (i) 
primary immunodeficiency, HIV, immunosuppressive 
therapy and organ transplant recipients; (27) sickle cell 
disease, asplenia or hyposplenia; (ii!) chronic cardiac, liver 
or pulmonary disease; (iv) chronic kidney disease and 
nephrotic syndrome; (v) diabetes mellitus; and (v1) children 
with cerebrospinal fistula or cochlear implants. 

Two kinds of vaccines are available. Unconjugated 
polysaccharide vaccine has 25 pg capsular polysaccharide 
of each of the 23 serotypes termed PPV23. Since 
polysaccharides stimulate B cells independent of T cells, 
the vaccine is poorly immunogenic <2 years and 
immunological memory is low. This vaccine does not 
reduce nasopharyngeal pneumococcal carriage or provide 
herd immunity. Its efficacy in preventing invasive 
pneumococcal disease in high-risk categories is <70%; 
more than 2 doses are not recommended. 

The pneumococcal conjugate vaccine has the 
polysaccharide of 13 most commonly pathogenic serotypes 
linked to a diphtheria carrier protein (PCV13); another is 
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a 10-valent conjugate vaccine (PCV10) combined with non- 
typeable H. influenzae vaccine. Apart from robust immune 
response and immunological memory, conjugated 
vaccines reduce nasopharyngeal bacterial carriage 
resulting in significant /ierd effect. The protective efficacy 
is 95-99% for invasive pneumococcal disease covered by 
included serotypes. 

Since pneumococcal infections cause significant 
morbidity and mortality in children <2 years of age, IAP 
recommends using the conjugate vaccine (Box 10.9). Since 
the risk of invasive infections decreases with age, 
vaccination beyond 5 years is not necessary except in high- 
risk categories; the latter should additionally receive the 
polysaccharide vaccine. An additional dose of the vaccine 
may be given in high-risk categories 3-5 years later. Given 
its public health importance, pneumococcal vaccination 
was launched in three states in May 2017. Vaccination will 
be extended to the entire country in a phased manner. 


Rotavirus Vaccine 


Rotavirus is the chief cause of diarrhea in infants and 
toddlers, accounting for 6-45% of diarrhea-related 
hospitalization in Indian children. Natural infection does 
not protect against reinfection or severe disease. The first 
licensed vaccine (Rotashield), a live oral tetravalent 
vaccine, was withdrawn following an association with 
intussusception. Two live-attenuated oral vaccines are 
currently used worldwide (Box 10.10), Rotarix is a 
monovalent vaccine containing at least 10° median cell 
culture infective doses of rotavirus strain G1P?8 attenuated 
in Vero cell culture. RotaTeq is a pentavalent vaccine with 
2-116 million infectious units each of the 5 strains [G1-4 
and P8] reassorted between bovine and human WC3 
rotaviruses, and attenuated by Vero cell culture. Both 
vaccines have 85-98% efficacy against severe rotaviral 
gastroenteritis. Rotavac is an indigenous monovalent 
human-bovine recombinant live-attenuated vaccine based 





“Type Pneumococcal conjugate (PCV13. PCV10) 
Dose, route 0.5 mL; intramuscular 
Site Anterolateral thigh or deltoid 
Schedule 
National program Some states: Three doses at 6 weeks, 14 weeks and 9 months 
IAP 2016 Three doses after 26 weeks age; given 24 weeks apart; 
one booster at 15-18 months 
Catch up At 7-11 months: Two doses >4 weeks apart; 


one booster at 15-18 months 


Box 10.9: Pneumococcal vaccines a 


on G9P11 or 116E strain, manufactured in India. The 
vaccine has 49-54% efficacy against rotaviral diarrhea in 
the first 2 years of life; it is inexpensive and safe with a 
low risk of intussusception. 

All three rotavirus vaccines may be given with Opy 
without compromising efficacy of either vaccine. 
Vaccination is avoided during acute gastroenteritis, as jt 
might compromise vaccine take. While none of the 
vaccines increases the risk of intussusception, cauton is 
necessary in infants at risk of intussusception, e.g. those 
with chronic gastrointestinal disease and gut malforma- 
tions. Immunization should be completed by & months of 
age. Studies suggest that vaccine efficacy may be lower in 
countries with high infection rates and competition for 
intestinal infection by other pathogens. The vaccine has 
reasonable potential for preventing diarrhea related 
morbidity and mortality in developing countries. Given 
its importance, rotavirus vaccination was introduced in 
the UIP in 2016 in selected districts in four states (Andhra 
Pradesh, Himachal Pradesh, Haryana and Odisha) using 
the Rotavac vaccine. 


Human Papillomavirus (HPV) Vaccine 


Cervical cancer, the second most common cancer in 
women, is almost always due to infection with oncogenic 
HPV belonging to 20 of 100 known serotypes. Serotypes 
16 and 18 cause majority of invasive cervical cancer; 
oncogenic serotypes also cause anal, vulvar, vaginal, 
penile and oropharyngeal cancer. Nononcogenic serotypes 
6 and 11 cause 90% of anogenital warts. 

HPV vaccines contain self-assembling virus like 
particles containing recombinant L1, a major capsid 
protein. These vaccines protect against 90% of infections 
with included serotypes, but do not provide cross 
protection against other strains. The quadrivalent vaccine 
Gardasil (HPV4) protects against strains 6, 11, 16 and 18, 
while bivalent Cervarix (HPV2) targets HPV 16 and 18. 









Pneumococcal polysaccharide (PPV23) 


0.5 mL; intramuscular or subcutane."!S 
Deltoid 


Not recommended 

High-risk category*; One dose 28 wer ss 
after primary course with conjugate 
vaccine; repeat 5 years later, if risk 
persists 


At 12-23 months: Two doses >8 weeks apart 


' At 24-59 months: One dose 

| >60 months: One dose, if high risk* 
Adverse reactions Fever, local pain, soreness, malaise 
Contraindication Anaphylaxis after previous dose 
Storage 2-8°C; do not freeze 


*For details, see text above 


Pain, redness 


2-8°C 
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fox 10,10: Oral folavitus vacelnes 





| Rotariv (RV1) Kolateg (RVB) Kolavac 
Dose I iml. (yophillyed); 2 ink (ytd) § drops 
1S mb (quid) 


| Schedule 


National program Not Inelucded Not Inelucted 


Gelected states: 3 doses at 6, 10 and 
14 weeks’ 


IAP 2016 4 donen at 6, 10 and 14 weeks* 3 doses at 6, 10 and 14 weeks 


2 closes ALTO and bet weeks 
(preferred) to 6 and 10 weebs)* 
Hover, diarrhea, vomiting; litisnuseeption is rare 

Past history of intussusception; severe Immunodeficiency 

Postpone vacelnation during ongoing dlarrhea or moderate Hlness 

2-8°C; protect from heals use within 4 hr of reconstitution of opening 
‘Administer 24 weeks apart beginning al 26 weeks al ape (10 Weeks for Rolarb); completing by # months of age 


Adverse reactions 
Contraindication 
Precaution 
Storage 


Both vaccines prevent cervical i sit neoplasia prode 2 
and 3, and adenocarcinoma in situ, Gardasil also prevents 
serotype-related genital warts and vaginal and vulvar 
intraepithelial neoplasia. Both vaccines are most 
immunogenic at 9-14 years of age and protection perslits 
for at least 5 years, The ideal age at vacelnation and need 
of booster doses, if any, is not determined, 


Governments of Delhi and Punjab have Initiated school- 
based programs for girls aged 11-13 years old slnce 2016, 
Elsewhere, [AP recommends that the vaccine should be 
offered to all girls prior to sexual debut (Box 10.11), 
Immunization carries the risk of complacency regarding 
routine screening for cancer; which together with 
incomplete immunization coverage might paradoxically 
raise cervical cancer-related mortality. There are no serious 
adverse events of HPV vaccine. 


Japanese B Encephalitis Vaccine 


Japanese encephalitis (JZ) is an important cause of viral 
encephalitis in India and is associated with high fatality, 
Vaccination as a control measure is recommended for all 
children and adults residing in highly endemic areas and 
for individuals visiting endemic areas for longer than 4 
weeks. Previously available vaccines, discontinued in 
2005, included inactivated mouse brain-derived vaccine 
(Nakayama or Beijing-1 strains) and primary hamster 
kidney cell culture vaccine (Beijing-3 strain). Three of the 
four second generation vaccines are licensed for use in India 
(Box 10.12). 


The live-attenuated cell culture vaccine is used in the 
National program in hyperendemic districts of Uttar 
Pradesh, West Bengal, Assam and Karnataka, Jt ls based 
on SA-14-14-2, a genetically stable neuro-allenuated JE 
Strain that is unlikely to show neurovirulence (Box 10,12). 
While a single dose has protective efficacy of 45-99%, two 
doses are recommended to provide complete and sustained 
Protection, In endemic districts, a strategy of mass 
immunization followed by routine vaccination Is practised, 

€ purified formalin inactivated SA-14-14-2 [8 a whole 
Virus vaccine derived from Vero cel) culture. The vaceine 





Box 10,11; Human papillomavirus vaccine 

Dose, route 

Site Upper arm (deltoid) 
Schedule 

National program 


0.5 mL, intramuscular 


In some states: Two doses 6-12 months 
apart in girls 11-13 years 

Girls 9-14 years old: 2 doses of HPV4; 
or HI’V2 26 months apart 

Girls 215 years, immunocompromised: 
3 duses [HPV4: 0, 2 and 6 months; or 
1iPV2: 0, 1 and 6 months] 

Up to 45 years (LAP); preferably before 
initiation of sexual activity 

Local pain, swelling, erythema; fever 
Syncope (due to injection, not vaccine) 
Anaphylaxis after previous dose 
2-8°C; protect from light 


WHO; IAP 2016 


Catch up 
Adverse reactions 


Contraindication 
Storage 


is highly immunogenic in children, with seroconversion 
>90'% with two doses, The risk of adverse effects is lower 
than live-altenuated vaccine. The inactivated purified Vero 
cell derived vaccine (based on Kolar strain) is safe and 
effective, with serocoversion in 93-98%, 


Typhold Vaccine 


Typhoid vaccine is currently not part of the national 
program, but is recommended by IAP for families who 
can afford (Box 10,13). The whole cell-inactivated typhoid 
Vaccine containing heat-killed phenol-preserved or 
acelone-inactivated whole cell S. typhi and S. paratyphi A 
and B is no longer used. Two doses of the vaccine, 
administered SC 4 weeks apart, induced humoral 
antibodies that were 50-80% effective in preventing 
typhoid, Adverse effects (chiefly fever, local pain and 
headache) were common (10-35%) and revaccination was 
required every 2-3 years. 

An oral vaccine, not marketed in India, contains 2-6 
million live-attenuated lyophilized bacteria of Ty2la 
mutant strain of S. typli. The mutation is genetically stable 
and unlikely to revert to virulent form. The vaccine 1s 
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Live-attenuated cell culture 
derived SA-14-14-2 


Dose, route 0.5 mL; subcutaneous 





Inactivated cell culture derived 
SA-14-14-2 [Jeevd; IC51] 
1-3 yr: 0,25 mb; >3 yr 0.5 mL; 
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Inactivated Vera cell culture derived 
Kolar [Jenvac®; 82150XY] 


0.5 mL; Intramuscular 


Intramuseular 


Site Anterolateral thigh, upper arm 
Schedule 

National program Only endemic areas; two doses 
at Y¥- and 16-18 months 
Recommended in endemic areas; 


not available in private sector 


IAP 2016 


Catch up Up to 18 years; one dose to 
non-immune adults 


Adverse reactions 


supplied as an enteric coated capsule that induces 
intestinal mucosal immunity, with an efficacy of 50-60% 
within 7 days of completing the schedule. To avoid 
bacterial inactivation by gastric acidity, capsules are 
swallowed intact, making the vaccine unsuitable for young 
children. Antibiotics are avoided for 3 days before to 
7 days after vaccination to avoid interference with 
response. Vaccination is repeated every 3 years. 

The Vi capsular polysaccharide vaccine contains the 
purified Vi capsular antigen of S. typhi strain Ty2. Children 
older than 2 years, administered one vaccine dose, develop 
anti-Vi IgG antibodies with protective efficacy of 50-75%. 
Since polysaccharide vaccines lack memory responses, 
revaccination is essential every 3 years (Box 10.13). Two 
typhoid conjugate vaccines are approved for use in India 
and recommended by IAP for children >9 months old. 
Here, the Vi antigen is coupled to a carrier protein such 
as tetanus toxoid (PedaTyph® and Typbar-TCV%); vaccines 


Box 10.13: Typhoid vaccines 


Anterolateral thigh, upper arm 


Not usec 


Recommended In endemic areas 
21 yr-old; two doses 4 weeks apart; 21-yr-old; two doses 4 weeks apart; 
need for booster unclear 
Up to 18 years 


Anterolateral thigh, upper arm 
Not used 
Recommended in endemic areas 


need for bouster unclear 
Up to 18 years 


Fever, malaise; hypersensitivity rare Less common: Fever, pain, malaise Uncommon 


coupled to diphtheria toxoid or its mutant toxin CRM197 
are not licensed in India. Conjugate vaccines are preferred 
to polysaccharide vaccine, since they gencrate strong 
anamnestic response and show prolonged immunological 
memory, 


Varicella Vaccine 


Varicella is a benign self-limiting illness, but complications 
are common in adults and in immunocompromised 
patients. Each dose of varicella vaccine has at least 1000 
plaque-forming units of the live virus of Oka strain 
attenuated in human diploid cell culture. Both cellular and 
humoral immune responses are elicited, providing 95-99". 
protective efficacy. Following onedose, seroconversiun is 
seen in 95% young children and 80% of those >12 years; 
two doses seroconvert 90% of the latter. If breakthrough 
infection occurs, it is usually a mild afebrile illness with 4 
few lesions and predominance of papules over vesicles. 


) 


Vi capsular Typhoid conjugate" Live-attenuiated Ty2]a 
polysaccharide 
Dose; route 0.5 mL; SC or IM 0.5 mL; IM Oral; capsule 
Site Anterolateral thigh or Anterolateral thigh or deltoid = Oral 
deltoid 
Schedule 
National program _ Not included Not included Not included 
IAP 2016 (If conjugate vaccine (Preferred) One dose at Not available; 3 doses in children who c1" 
not available) One 9-12 months; one booster at swallow (>6 years) 
dose at 22 years; repeat 2 years 
every 3 years 
Catch up One dose beyond 2 years = One dose, up to 18 years Any age 


Local pain, swelling, 
redness; fever 


Adverse reactions 
fever 


Contraindication Anaphylaxis after 
: previous dose 
Storage 2-8°C; do not freeze 2-8°C 


*Ensure gap of 4 weeks between this and any measles containing vaccine 


Local pain, swelling, redness; 


Abdominal disconifort, fever 


Anaphylaxis after previous dose Immunodeficiency 


2-8°C 
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Varicella vaccine is not included in the National 
immunization Program because the illness is nota public 
health priority, the vaccine is expensive, and high rates of 
mmmunization coverage are necessary to prevent an 
epidemiological shift to affect older individuals, causing 
severe disease. The LAP recommends the vaccine for 
children if it is afforded (Box 10.14). Two doses are 
recommended to reduce the risk of breakthrough 
infections with waning immunity. Internationally 
available monovalent preparations (Varilrix® and 
Variped®) and its combination with MMR (MMR-V, 
Priorix-Tetra®) show similar immunogenicity and 
efficacy. Other monovalent preparations (Nexipox®, 
Biovac-V® and Varivax®) are also immunogenic, but 
information on their efficacy is limited. Since MMR-V is 
associated with higher rate of adverse events (fever, rash, 
seizures) in patients 12-23 months old than MMR and 
varicella administered separately, the IAP cautions against 
the use of MMR-V in this age group; older patients may 
safely receive MMR-V. 

Vaccination is indicated for the following high-risk 
groups: (i) chronic cardiac or lung disease; (ii) 
asymptomatic HIV infection with CD4 >15%; (iii) leukemia 
in remission and off chemotherapy >3 months; (iv) 
anticipated prolonged immunosuppression (before 
transplantation; periods off immunosuppression in 
nephrotic syndrome); (v) prolonged aspirin therapy 
(discontinue aspirin for 6 weeks after). Vaccination should 
also be considered for unimmunized household contacts 
of immunocompromised patients, and adolescents and 
adults without history of varicella, particularly in 
institutional settings (school, hospital or army). When 
recommended for post-exposure prophylaxis (within 
72 hours of contact), its protective efficacy is ~70%. 


Influenza Vaccine 


Influenza virus has three antigenic types (A to C) and 
several subtypes based on the surface antigens 
hemagglutinin, and neuraminidase. Mutations due to 
antigenic drifts and shifts result in frequent changes in 
circulating strains. Influenza viruses (A, B) cause global 
flu: epidemics with severe disease in young children, the 


elderly and im munocompromised, and those with chronic 
illnesses. Since available vaccines elicit a strain-specific 
humoral response with protective efficacy of 30-90%, their 
composition is annually reviewed by the WHO for 


changes in component antigens. 


Inactivated influenza vaccines: These tri- or quadrivalent 
vaccines, containing two influenza A and one or two 
influenza B strains, are derived from viruses grown In 
chick embryos or cell culture. Whole virus vaccines, 
associated with significant adverse effects, are no longer 
used. Current vaccines are either split product, produced 
from detergent-treated purified viruses, or surface antigen 
subunit vaccines, containing purified hemagglutinin and 
neuraminidase. These are highly immunogenic and 
associated with minimal adverse events. Newer virosome 
adjuvated vaccines stimulate strong antibody responses 
and activate Th1/Th2 and cytotoxic T cells. Inactivated 
vaccine is recommended in high-risk groups (Box 10.15). 


Live-attenuated intranasal vaccine: These trivalent or 
quadrivalent vaccines are developed by repeated passage 
of viruses at low temperature, to form a temperature 
sensitive variant that grows well at 25°C but does not 
replicate at 37-39°C. The vaccine is recommended for 
healthy children older than 2 years, and is more 
immunogenic than the inactivated vaccines. Live vaccines 
are avoided in high-risk categories. Healthy children, >2- 
year-old, may receive either the live or inactivated vaccine. 
Following reports of unsatisfactory efficacy of the former, 
the WHO has recommended the use of only inactivated 
vaccines during 2016-2018. 


Rabies Vaccine 


India is endemic for rabies, accounting for 50% of global 
deaths, Nerve tissue vaccines are not recommended due 
to poor efficacy and high incidence of adverse effects. 
Tissue/cell culture vaccines are available as lyophilized 
preparations that are reconstituted to provide at least 2.5 
IU per intramuscular dose, and include: (i) Purified duck 
embryo vaccine (Vaxirab); (ii) purified chick embryo cell 
vaccine (Rabipur, Vaxirab-N); (iif) human diploid cell 
vaccine (Rabivax); and (iv) purified Vero cell vaccine 


te) am LO Par HEA @li(@r=)|(e Me elel (ala! 


‘Dose, route 0.5 mL, subcutaneously 


Site Anterolateral thigh or upper arm 
‘Schedule 

- National program Not included 

' TAP 2016 

t (minimum 12 months)** and 4-6 years 
Catch up 


‘Adverse reactions 

Contraindications 
oh immunosuppressive therapy 

Storage. 

“See text; **A void MMR-V if 12-23 months old or >12-year-old 


All children, especially high-risk categories*: Two doses >3 months apart; preferably at 15-18 months 


Complete two dose series with 23 months between doses (21 month if >12-year-old)** 
Fever, rash, local pain or redness; mild rash after 2-3 weeks (5%) 


Anaphylaxis after previous dose; lymphopenia; immunodeficiency; active leukemia or lymphoma; during 


Freeze dried lyophilized; 2-8°C; protect from light; use within 30 minutes of reconstitution 
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Box 10.15: Influenza voecines 


Inactivated vaccine 


Dose, route <3 yr: 0.25 mL; 23 years: 0.5 mL; intramuseular 
Site Anterolateral thigh or upper arm 
Schedule 

National program Not included 

WHO IAP 2016 Only in high-risk categories 


*First time vaccination: 


Two doses >4 weeks apart at 0.5-9 years; 1-dose if 


>9 years 


Annual revaccination with one dose, before 


rainy season 
Adverse reactions 


Severe (rare): Anaphylaxis 


Contraindication Anaphylaxis after previous dose; <6 months old; 
use with caution if suspected egg allergy or 
Guillain-Barre syndrome 

Storage 2-8°C; do not freeze 


Mild (10-35%): Local pain, fever, nausea 


a iss | Essential Pediatrics —$$—_—___ 


Live attentaterd oaceine 


0.25 mi in each nostril 
Intranasal using dleeepny 


Not included 

Healthy children aged 2=18 years 

Hirat time vaccination: 1-2"* dosed > weeks apart 
at 2-9 years, [-dlose If >9 yours 


Annual revaccination with one dose, before 
niiny season 

Runny nose, headache, wheeze, myalgla, fever, 
sore throat, vomiting 

Sovere allergy after any influenza vacelne; high 
risk calegories® 


2-8°C; do not freeze 


“High-risk groups: (f) age 6-24 months; (ii) chronic cardiac or lung disease; (iii) asthma or wheeze duirlng 2=b years aye, Asthma requiring oral 
corticosteroid therapy; (iv) immunodeficiency; (v) sickle cell disease; (vi) diabetes mellitus; (vi/) systemic lupus; and (elif) aspirin therapy, 


** Annual WHO recommendation 


(Indirab, Verorab, Abhayrab, Verovax-R). These vaccines 
have comparable efficacy and, since they lack myelin basic 
protein, are relatively safe. 


Post-exposure prophylaxis: An animal bite/wound is 
characterized as follows: Category I: Animal touch or lick 
on intact skin; Category II: Minor scratches or abrasions 
without bleeding, licks on broken skin or nibbling of 
uncovered skin; and Category III: Single or multiple 
transdermal bites, abrasions that bleed, scratches or 
contamination of mucous membranes with saliva/licks. 
Individuals with category II or II] wounds need wound 
management and rabies vaccine (Box 10.16). Patients with 
wound category III, and immunocompromised patients 
with wound category II, should also receive rabies 
immunoglobulin. Patients who have recetved pre- or post- 
exposure prophylaxis with rabies vaccine in the past do not 
require immunoglobulin. 

Wound management includes immediate irrigation 
with running water for 10 minutes, thorough cleaning with 
soap and water, and application of povidone iodine, 70% 
alcohol or tincture iodine. Tetanus toxoid and antibiotics 
are administered as indicated. Wound suturing is 
avoided; if necessary, it is performed after administering 
immunoglobulin. 

Rabies immunoglobulin provides passive immunity by 
neutralizing rabies viruses; dose is 20 U/kg for human 
immunoglobulin (ImogenRab, KamRab, BeriRab-P; 
maximum 1500 U) and 40 U/kg for equine preparations 
(anti-rabies serum, Equirab, Vinrig; maximum 3000 U), 
This is infiltrated in and around the wound as soon as 
possible and not later than day 7 of injury. For large or 
multiple wounds, immunoglobulin is diluted with normal 
saline to infiltrate the entire wounded region. Any 


remaining immunoglobulin is administered intra- 
muscularly ata site away from vaccination site, usually 
the deltoid or anterolateral thigh. Local tenderness and 
stiffness and fever are common, Currently available equine 
immunoglobulins are polent and overall safe, but adverse 
effects are common and usually require prior skin testing. 
While preferred, human immunoglobulin is expensive 
and not available readily, 

Vaccination is usually planned using the Essent or WHO 
schedule, in which 5 doses are given on days 0, 3,7, 14 and 
28; an addilional dose on day 90 is advised in immuno: 
compromised or severely malnourished individuals. The 
Updated Thai Red Cross Schedule involves administering 
two intradermal doses each on days 0), 3, 7 and 30, 
Abbreviated and effective alternate schedules inchide: 
Zagreb (two 1M doses on day 0; one dose each on days 7 
and 14); abbreviated multisite (similar to Zayreb, except 
that last dose is on day 21), reduced four dose (IM done 
on 0,3, 7 and 14 days), and eight site (8 intradermal doses 
on day 0, four doses on day 7,and one each on day 28 ond 
90). Following re-exposure, patients who have previously 
completed pre-exposure prophylaxis should receive (wo 
doses on days 0 and 3. 


Pre-exposure prophylaxis: This is offered to individu. 
at high risk of rabies, such as Jaboratory staff handliny; 
virus or infected material, care providers to patients wilh 
rabies, veterinarians, animal handlers and catchers, 
taxidermists, wildlife workers, wardens, quarantine 
officers, municipal workers, postmen and travelers to 
endemic areas. Three IM doses are given on days U, 7 
and 21 or 28. A booster dose is required after 1-yr and 
every 5 years thereafter; boosters are required annually, 
if using the intradermal schedule. Antibody titers are 
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Box 10.16: Rabies vaccine 


Type Modern tissue culture vaccine 
Dose, route 


Intramuscular: 1 mL (0.5 mL for purified Vero cell vaccine), or 


Intradermal*: 0.2 mL (0.1 mL for purified Vero cell vaccine) 
‘Site Deltoid or anterolateral thigh; never gluteal region 


Schedule 
National program 
| WHO and IAP 2016 


Not recommended 


Pre-exposure: Preferably all children; days 0, 7 and 21/28 


Post-exposure; After animal bites (see text) 


Adverse reactions 


Common: Local pain, swelling, induration (more with intradermal) 


Uncommon: Fever, malaise, abdominal pain, headache; hypersensivity (seen with diploid cell vaccine) 


Storage 


2-8°C; use within 6 hours of reconstitution ) 


‘Licensed in Indla only for specific purified chick embryo or Vero cell vaccines, in centers with adequate training and frequent use of the vaccine 


monitored 6-12 monthly and boosters given to maintain titer 
>0.5 U/mL. 


Hepatitis A Vaccine 


India is endemic for hepatitis A; 50% children are 
seropositive by 5 years of age, following infection usually 
with minor manifestations, Disease severity, complications 
and mortality are higher in adolescents, adults and 
children with underlying chronic liver disease. Two types 
of vaccines are available. Formalin inactivated viral 
vaccines usually have aluminium hydroxide or a virosome 
adjuvant. The vaccine is available either singly or in 
combination with hepatitis B. Two doses, administered 
6-12 months apart, provide protective efficacy of 95%, if 
administered at >1 year age; maternal antibody may 
interfere with immune responses in infancy (Box 10.17). 
Two live vaccines are based on H2 and L-A-1 strains of 
hepatitis A virus, attenuated through repeated cell culture 
and grown on human diploid lung fibroblasts. A single 
dose of the vaccine is immunogenic and safe (Box 10.17). 

While hepatitis A vaccination is not a public health 
priority, improving hygiene has resulted in increaseded 
age at infection, and serious infections including fulminant 
hepatic failure may occur. Hence, IAP recommends its 


administration to all children. High-risk categories in 
which vaccination must be considered include: (i) patients 
with chronic liver disease; (ii) seronegative travelers to 
endemic areas; (iii) children attending créches and 
daycare; (iv) seronegative adolescents; and (v) liver and 
kidney transplant recipients. The vaccine is effective as 
postexposure prophylaxis, ifadministered to unimmunized 
household or institutional contacts of symptomatic 
patients within 10 days of exposure. 


Meningococcal Vaccine 


Neisseria meningitidis accounts for 30-40% cases of 
bacterial meningitis in children, with high case fatality. 
Invasive infections are caused by serogroups A, B, C, Y 
and W135. While serogroup A (and sometimes C) cause 
epidemics, endemic disease in India is due to sero-group 
B. Two types of vaccines are available. Unconjugated 
vaccines contain group specific capsular polysaccharides, 
which are T cell independent, do not induce immuno- 
logical memory and are poorly immunogenic below 2 years 
of age. These are available as bivalent (containing groups 
A and C) and tetravalent (groups A, C, Y and W135) 
vaccines. Conjugate vaccines are preferred over 
polysaccharide vaccines due to higher immunogenicity, 


Box 10.17: Hepatitis A vaccine 





Inactivated vaccine 


‘Dose, route 


‘Site Deltoid 
‘Schedule 3 

'. National program Not included 

| WHO; IAP 2016 >1 year: Two doses 6 months apart 


' Catch up 1-10 years: As above 


0.5 mL (720 U); intramuscular 


Live-attenuated vaccine 


0.5 mL; intramuscular 
Deltoid 


Not included 
>1 year: One dose of H2 strain 
As for inactivated vaccine 


>10 years: First confirm seronegative; 


adult dose (1440 U; 1 mL) for >13-year-old 


Adverse reactions 
Contraindication 


‘ 


‘Storage 2-8°C; protect from light 


Local pain, headache, malaise 
Anaphylaxis after previous dose 


Use within 30 minutes of reconstitution 


Soreness, erythema, fever, malaise 
Hypersensitivity to egg protein; immuno- 
deficiency, chemotherapy or radiotherapy 
2-8°C; do not freeze 

Use within 30 minutes of reconstitution 
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prolonged efficacy and potential for herd effect, especially 
in childhood. Two types of polvsaccharide-protein 
conjugate vaccines are available in India (Box 10.18). The 
quadrivalent conjugated vaccine (groups A, C, Y and 
W135; Menactra®) uses diphtheria toxin as carrier protein, 
while the monovalent (serogroup A) vaccine uses tetanus 
toxoid as carrier protein. 


Yellow Fever Vaccine 


The yellow fever vaccine is a live-attenuated vaccine of 
either 17D-204 or 17DD strain that is effective against all 
known strains of yellow fever. Neutralizing antibodies 
develop in 90% vaccinees by 10 days and in 100% by 
3 weeks, and persist for three decades. A single dose 
should be administered at least 10 days before planned 
travel to endemic areas (Africa; South or Central America). 
Adverse effects are common (Box 10.19); administration 
in young infants and pregnant women is avoided. 


Combination Vaccines 


A combination vaccine consists of multiple immunogens 
physically combined in a single preparation, including 
antigens or serotypes of the same pathogen (trivalent polio 
vaccine) or different pathogens (pentavalent or DTP 


s is distinct from simultaneous acmInistration 
of nuultiple separate vaccines at the same UUme at SCP Araty 
sites. The immune system of an infant can respond lo, 
large number of antigens simultancously, and the effigy. 

of most vaccines is nol allered by concurrent ACMInIstpa, 
tion. With the requirement of vaccination against Several 
‘nfections, a child needs to be administered more than 3 
antigens in the first 2 years, Combining vaccines have 
several benefits. Fewer injections at cach visit and fewe, 
visits increase compliance. The immunization program 
also benefits from decreased expenditure on packaging, 
storage and transportation and enhanced immunization 


vaccines), Thi 


coverage. 

Development of combination vaccines is challenging, 
The antigens should be compatible and not interfere with 
each other’s immunological ‘take’ (relevant for live viral 
vaccines) and be indicated at the same time, Some antigens 
may require an adjuvant to be present in the combination, 
The total volume of the vaccine should not be excessive 
and the product should be stable for at least a year. Their 
efficacy is evaluated and cost benefit analyses are done 
before licensing. Common combination vaccines include 
pentavalent, DTwP, DTaP, DT, dT, OPV, IPV, MMR, MR 


and influenza (Table 10.9). 


Box 10.18: Meningococcal vaccine 


Polysaccharide 
Dose, route 0.5 mL, subcutaneous or IM 
Site Anterolateral thigh or upper arm 
Schedule 
National program Not included 
IAP 2016 High-risk categories*; >2-year-old (>3 months old 


in outbreaks): One dose; repeat after 3-5 years, 


if required 


Adverse reactions Fever, local pain or redness 


Contraindication 


Quadrivalent conjugate 


0.5 mL, IM 
Anterolateral thigh or upper arm 


Not included 

High-risk categories*; >2 years old: One dose 9-23 
months old (in USA, not licensed in India: Two 
doses 3 months apart) 

Local pain, swelling or redness; Guillain-Barre 
syndrome (rare) 

May interfere with pneumococcal vaccine; 
separate administration by 4 weeks 

2-8°C; do not freeze 


Anaphylaxis after previous dose 
Storage 2-8°C; protect from light 
Use within 30 minutes of reconstitution 
*See text 


Box 10.19: Yellow fever vaccine ; “2 


Dose, route 0.5 mL, subcutaneous 


Site Anterolateral thigh or upper arm 
Schedule 

National program __ Not included 

IAP 2016; WHO 


Adverse reactions 


‘Contraindication 

dose 
Precaution 
vaccine-associated adverse effects 
Storage. 





Single dose 210 days before travel to endemic areas; revaccinate after 10 years 

Mild (20-30%): Fever, headache and myalgia 

Severe (3-18/million doses): Hypersensitivity reactions; neurotropic, viscerotopic disease 

Age <6 months; symptomatic HIV or CD4 <15%; radiation or chemotherapy; anaphylaxis after previous 


Age 6-9 months or >60 years; pregnancy and lactation; asymptomatic HIV or CD4 215%; family history of 


2-8°C; use within 30 minutes of reconstitution 
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Table 10.9: Combination vaccines for use in children and infants 


Vaccine Examples 

DTwP-HB-Hib Pentavalent vaccine; Pentavac PFS®, 
Comvac-5®, ComBE Five®, Shan-5® 
May combine in same syringe, e.g. Qvac® 
+ HibPro®, Hiberix® + Tritanrix® 

DTwP Tripvac®, Triple antigen®, Comvac3® 

OTaP-HB-Hib Easy-5® 

DTaP-Hib-IPV Pentaxim® 

DTaP Infanrix®, Boostrix®, Tripacel® 

Tdap Boostrix®, Adacel® 

DTwP-HB Shantetra®, Q-VAC®, Tritanrix-HB®, 
Tripvac-HB®, Comvac-4-HB® 

DTaP-Hib May combine Tripacel® + ActHib®, Infanrix® 
+ Hiberix® 

DTwP-Hib Easy-4®, Quadrovax®, Shan-4®, Tetract 
Hib®; Triple antigen® + HibPro® 

HepA-HepB Twinrix® 

MMR-V Priorix tetra®, Proquad® 

Meningococcal A, C, Y and 135 (Mencevax ACWY®); A, 
C, Y and 135 DT conjugate (Menactra®) 

Pneumococcal 10 or 13-valent (Prevnar®), 23-valent 


(Pneumo23®), polyvalent polysaccharide 
(Pneumovax®) 


aP: Acellular pertussis; ap: Acellular pertussis reduced dose; D/DT: 
diphtheria toxoid; d/dT: Diphtheria toxoid reduced dose; HB: Hepatitis B; 
HepA: Hepatitis A; Hib: Haemophilus influenzae b; MMR: Measles, 
mumps, rubella; T/TT: Tetanus toxoid; V: Varicella; wP: Whole cell pertussis 


Adverse Events following Vaccination 


Untoward events after vaccination are categorized as 
follows: 

i. Vaccine induced: Event caused or precipitated by an 
active component of vaccine, e.g. anaphylaxis after 
measles vaccine, vaccine associated paralytic polio- 
myelitis, BCG related adenitis, pertussis encephalopathy 

ii. Vaccine potentiated: Event precipitated by vaccination 
but may have occurred without vaccination, e.g. first 
febrile seizure 

iii. Injection reaction: Event from anxiety, pain due to the 
injection (rather than the vaccine), e.g. syncope after 
vaccination 

iv. Program error: Event due to error in vaccine pre- 
paration, handling or administration, e.g. toxic shock 
syndrome due to contaminated measles vaccine, 
abscess at injection site; and 

iv. Coincidental: Temporally linked, by chance or due to 
unrelated illness, e.g- gastroenteritis after MMR 
injection. 

Minor reactions are common, and include fever, 
irritability, malaise and pain, and swelling or redness at 
the injection site. These are self-limiting or settle following 
cold compresses and paracetamol. Strategies to reduce 
Pain and anxiety include: 

i. Antipyretics 


hm... rh LL 


ii. Distraction techniques (playing music, pretending to 
blow away the pain, deep breathing) 

iii. Breastfeeding or ingestion of sweet liquids during 
vaccination 
iv. Stroking skin near injection site 

v. Administering IM injections rapidly without 

aspiration; and 
iv. Topical analgesia (5% lidocaine or prilocaine emulsion 
or spray). 

Older children are less anxious, if the procedure is 
explained, and by vaccinating in sitting rather than lying 
down position. 

Immediate allergic reactions are rare and difficult to 
predict. Severe reactions (anaphylaxis) are usually caused 
by vaccine constituents, rather than by microbial 
contamination. While anaphylaxis is rare (1 per million 
doses) and may follow any vaccination, yellow fever, 
MMR and tetanus vaccines are most commonly 
implicated. Each patient must be observed for at least 15 
minutes after vaccination. Anaphylaxis might need to be 
differentiated from vasovagal reaction. Components 
implicated in allergic reactions include: 

i. Egg protein: Yellow fever, measles, MMR, rabies PCEV, 
influenza (killed injectable and live-attenuated) 
vaccines 

ii. Gelatin: Influenza, measles, MMR, rabies, varicella, 
yellow fever and zoster vaccines 

iii. Latex in the vaccine vial stopper or syringe plunger 

iv. Casein: DTaP vaccine 

v. Saccharomyces cerevisiae: Hepatitis B, HPV vaccines. 

Trace amounts of neomycin may cause allergic reactions. 
Thiomersal, aluminum and phenoxyethanol, added as 
preservatives, may cause delayed type hypersensitivity 
or contact dermatitis. The use of thiomersal, an 
organomercury compound with bacteriostatic properties, 
is being minimized due to risks of mercury toxicity. 

Reportable events are: 

i. Anaphylaxis or anaphylactic shock <7 days 

ii, Adverse effects listed as contraindications to vaccination 

iii. Any serious or unusual event; and 
iv. Any sequelae of reportable events. 


— 


Vaccine-specific events include: 


. Oral polio: Paralytic polio or vaccine strain polio within 
1-6 months of vaccine administration 

ii. Measles: Thrombocytopenic purpura within 7-30 days; 

measles infection in an immunodeficient recipient 

<6 months 


iii. Measles, mumps and/or rubella: Encephalopathy or 
encephalitis <15 days 


iv. Tetanus: Brachial neuritis <28 days 

v. Pertussis: Encephalopathy or encephalitis <7 days 
vi. Rotavirus: Intussusception <30 days; and 
vii. Rubella: Chronic arthritis <6 weeks. 


ste 
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~ Table 10.12: Vaccination of previously unimmunized ‘child 


Visit At evaluation After 1 month After 2 months After 6 months 
Age <7 years BCG Oral polio virus Oral poliovirus DTWP/DTap 
Oral polio virus DTwP/DTaP MMR (preferred)/ measles Hepatitis B 
DTwP/DTaP Hepatitis B Typhoid 
Hepatitis B ; 
Age >7 years Tdap dT MMR dT (if <11 years) 
Hepatitis B Hepatitis B Typhoid Hepatitis B 
as ie Table 10.13: Passive immunization | 
Infection Target population Dose 


Normal human Immunoglobulin 

Hepatitis A Institutional outbreak; unimmunized contact of 
infected individual; travel to endemic area 
Immunocompromised person; infant exposed to 
infection <6 days back 


Specific (hyperimmune globulin) 
Newborn of HBsAg positive mother; percutaneous 0.06 mL/kg (32-48 IU/kg; maximum 2000 IU) within 


0.02 mL/kg (3.2 mg/kg); repeat every 4 months, if trave| 


is prolonged 
Measles 0.5 mL/kg (immunocompromised); 0.25 mL/kg (infant) 


Hepatitis B 
Or mucosal exposure; sexual contact 7 days (preferably 48 hr) of exposure 
Varicella Newborn of infected mother with lesions noted 12.5 (5-25) U/kg (maximum 625 units) 
<6 days of birth; infant <1-year-old; immunocompro- 
mised child exposed to infection <6 days back 
Rabies Bite by rabid animal 20 units/kg 
Tetanus Wound/exposure in unimmunized or incompletely 250 units for prevention; 3000-6000 units for therapy 


immunized individual; treatment of tetanus 


Antisera, antitoxin 
Diphthena antitoxin 
Anti-tetanus serum 

(horse) 

Rabies antiserum 


Susceptible contact 


immunized 
Bite by potentially rabid animal 





Lapsed immunization: Table 10.12 suggests schedules for 
children who have missed routine immunization. For 
vaccines with multiple doses, the entire schedule need not 
be repeated and only limited doses are given. The vaccination 
schedule for adolescents is discussed in Chapter 5. 


Passive Immunization 


Passive immunity is resistance based on antibodies, 
preformed in another host. Thus, preformed antibodies to 
varicella and hepatitis B can be injected during the 
incubation period to limit viral multiplication (Table 10.13). 
Normal human immunoglobulin serves the same purpose, 
if specific immunoglobulin is not available, e.g. to protect 
from hepatitis A or measles. 
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Infections and Infestations 


FEVER 


8 ee 


Fever is a controlled increase in body temperature over 
the normal values for an individual. The normal body 
temperature in children is higher as compared to adults, 
and varies between 36.1 and 37.8°C (97-100°F) on rectal 
measurement. There is a normal diurnal variation in the 
body temperature; it is lowest between midnight and 
6am and maximum between 5 and 7 pm. 


Measurement 


The core body temperature can be measured at several 
sites including the oral cavity, axilla, rectum, ear canal 
and over the temporal artery. The rectal method is the 
most accurate method for measurement of temperature 
and fever is defined as rectal temperature of more than 
38°C or 100.4°F. However, measurement of rectal 
temperature is not always possible in clinical practice. In 
children below the age of 4-5 years, axillary temperature 
may be used, if taken correctly. The axillary temperature 
is on an average 0.5-1°C or 1-2°F lower than the rectal 
temperature. Fever, if measured in the axilla, is defined 
as temperature more than 37.2°C or 99°F. In infants below 
the age of 3 months, if the axillary method shows fever, 
rectal temperatures should be measured to confirm 
fever, The oral temperature is on an average 0.5-1°F or 
0.25-0.5°C lower than rectal temperature. Fever as 
measured in the oral cavity is defined as temperature more 
than 37.5°C or 99.5°F. 

Mercury thermometers are no longer used in clinical 
practice. Electronic thermometers take only 30 seconds for 
tecording temperature, are convenient to use, but are 
Subject to calibration errors. The infrared thermometers 
used for measurement of ear/temporal artery temperatures 
are very quick and closely approximate rectal tempera- 
tures but are expensive. Forehead strip measurement of 
temperature is not accurate and not recommended. 


Etlopathogenesis | , 
Fever may be caused by multiple causes including 


infection, vaccines, biologic agents, tissue injury, 
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malignancy, drugs, autoimmune diseases, granulomatous 
diseases, metabolic disorders (gout) and genetic disorders 
such as familial Mediterranean fever. All these insults 
result in the production of endogenous pyrogens, such as 
interleukin (IL)-1, IL-6, tumor necrosis factor (TNF)-a@ 
interferon-B, interferon-y and lipid mediators such as 
prostaglandin E2, which alter the temperature set point 
in the anterior hypothalamus leading to elevation in body 
temperature. In contrast to fever, the high body 
temperature in /teat illness is due to increased heat 
production or reduced heat loss, with the hypothalamic 
set point being normal. Here, the core temperatures can 
rise to beyond 106°F. Common causes of heat illness are 
hyperthyroidism, anhidrotic ectodermal dysplasia, drugs 
such as anticholinergics and phenothiazines, heat stroke 
and malignant hyperthermia. 


Evaluation of a Febrile Patient 


Fever is a symptom and not a disease; hence, evaluation 
for cause is important. If temperatures are very high, heat 
illness should be suspected. The pattern of fever is 
generally not useful in arriving at a diagnosis since regular 
use of antipyretics has now become the norm. Presence of 
rigors is also not specific for malaria since they can be 
seen even in severe bacterial infections, abscesses, 
pyelonephritis and even viral infections such as influenza, 
periodic fevers (fever syndromes with regular periodicity) 
are seen in cyclic neutropenia, PFAPA syndrome (periodic 
fever, adenopathy, pharyngitis, aphthous ulcers) and 
other periodic fever syndromes such as familial 
Mediterranean fever and hyperimmunoglobulin (Ig) D 
syndromes. It is useful to classify fevers as short duration 
fevers and prolonged fevers as etiology and management 
strategies differ. 


Management 


Fever is a symptom and, therefore, treatment of the 
underlying cause is important. Treatment of fever per se 
may not always be needed. Fever has been shown to 
improve the immunologic response to certain infections 
in experimental models; whether this is clinically 
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significant is unknown. However, fever may be associated 
with adverse effects such as paradoxical suppression of 
immune response, increased insensible water losses, 
cardiopulmonary stress and triggering febrile seizures in 
predisposed patients. 

Reduction of fever should be a priority in patients with 
past/ family history of febrile seizures, those critically ill, 
those with cardiorespiratory failure, those with disturbed 
fluid and electrolyte balance, or with temperature 
exceeding 40°C (104°F). For the rest, treatment should be 
individualized; parental counseling is important. 

The two commonly used drugs for antipyresis in 
children are paracetamol and ibuprofen. Other agents such 
as aspirin, nimesulide and mefenamic acid are associated 
with high incidence of adverse effects and are better 
avoided. Ibuprofen decreases fever at the same rate as 
paracetamol, the nadir with ibuprofen is slightly lower 
and duration of action is longer (6 hours) as compared to 
paracetamol (4 hours). However, the risk of side effects 
such as acute renal failure and gastrointestinal bleeding 
is theoretically higher with ibuprofen, though not 
substantiated by observational studies. Conversely, the 
consequences of paracetamol overdose (hepatic failure) 
are more sinister than those with ibuprofen. Considering 
all factors, it is reasonable to use paracetamol at a dose of 
15 mg/kg every 4 hours (max. 5-6 doses/day) as the first- 
line drug for fever management. It is suggested to shift to 
ibuprofen in patients who do not adequately responded 
to paracetamol, ata dose of 10 mg/kg every 6 hours. There 
is some evidence to suggest a marginal benefit on 
amelioration of fever by combining paracetamol and 
ibuprofen as compared to using either drug alone. Tepid 
water sponging may be used as a complementary method 
to drug therapy in bringing down fever quickly in some 
children. 

Heat illness is a medical emergency. The high 
temperatures can cause irreversible organ damage and 
should be brought down quickly. Since the hypothalamic 
set point is not altered, non-steroidal anti-inflammatory 
drugs, which act by reducing prostaglandin production, 
are ineffective. External cooling is needed with ice water 
sponging, cooling blankets, cold water enemas and gastric 

washes. At the same time, measures should be taken to 
correct the underlying condition. 
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Short Duration Fevers 


Short duration fevers lasting for less than 5-7 days are 
one of the most common reasons for pediatric outpatient 
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visits. The overwhelming majority are due to Vira] 
infections. Of greater concern are fevers aie ee 

signs/without focus in children below the ae ? 3 years 
(especially below 3 months) as em THE an 
underlying serious bacterial infection. ripe Hie Nzae 
and S, pneumoniae are important causes 9) sci ACterial 
infection, the algorithms suggested here may c ‘ange with 
increasing immunization with H. influenzae and 


S. pnenmoniae vaccines. 


Fever without Focus In <1 Month 


Fever in a neonate (<1 month of age) is generall ya medical 
emergency. This is because of (i) 93-15% i isk of scrious 
bacterial infection such as sepsis, bacteremia, urinary tract 
infections, pneumonia, enteritis and bacterial meningitis, 
(ii) neonates may look well and still have serious bacterial 
infection and (iii) the implications of missing or delaying 
diagnosis of sepsis are serious. 

Sometimes neonates get fever due to over clothing and 
warm weather (‘dehydration fever’) in which the baby 
looks well and active. This only warrants frequent feeding 
and nursing in less warm environment. The infant is kept 
under observation for other signs of sepsis and 
investigated if in doubt. 

A detailed clinical assessment should be performed for 
a febrile neonate (Fig. 11.1). A toxic neonate is at high risk 
of serious bacterial infections and should be treated 
aggressively. The patient should be hospitalized to 
undergo a complete sepsis work up and administered anti- 
biotics (3rd generation cephalosporin such as cefotaxime 
or ceftriaxone with or without an aminoglycoside) without 
awaiting the results of investigations. Other supportive 
therapy should be instituted, if required. 

Management of a well appearing febrile neonate is 
controversial. If fever is thought to be due to over bundling 
then repeat temperature assessment should be done atter 
15-30 minutes. Most guidelines recommend hospitalisa- 
tion of well looking febrile infants less than 1 montli of 
age as they may have serious infections. These infants 


Fever >38°C In less than 90 days agé, no focus 









Screen —_ Hospltalize mre 
Abnorma Blood count, urinalysis 










| 
Cultures: blood, urine, CSF | 
| 








Normal screen) IV antibiotics 

TLC 5,000-15,000/mm?. ne 
Band count normal : — re 
CRP negative Repeat screen if needed 


Urinalysis normal Observe until afebrile 

Fig. 11.1: Evaluation of faver In a patient less than 3 months 
old. CSF cerebrospinal fluld; TLC total leukocyte count; CRP 
C-reactive protein 
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should undergo basic evaluation including blood counts 
and C-reactive protein. Cultures should be sent if 
available. If the septic screen is positive, IV antibiotics 
should be started after doing a lumbar puncture and 
cerebrospinal fluid examination. If the screen is negative 
the baby should be observed, and a repeat screen sent 
6-12 hours later. If repeat screen is also negative, 
observation of the neonate should continue till the baby 
is afebrile and culture reports are available. By this time, 


in most babies, the fever would have subsided or a focus 
would have developed. 


Fever without Focus In Infants 1-3 Months Old 


Infants in this age group like those aged less than 1 month 
are at high risk of serious bacterial disease (10%, with 
2-3% risk of bacteremia). Also, they may look well and 
still have bacterial disease. The algorithm for management 
of these babies is fairly similar to those less than 1 month 
(Fig. 11.1). A detailed clinical assessment should be 
performed. A history of recent immunization should be 
obtained as fever may be related to the immunization. 

All toxic/ill-appearing babies should be managed as 
an infant less than 1 month (discussed earlier). A well- 
looking infant 1-3 months of age should undergo a 
complete sepsis evaluation while in the outpatient 
department including leukocyte and platelet counts, band 
cell count, C-reactive protein, urinalysis, urine and blood 
cultures and if indicated smear for malarial parasite, and 
chest X-ray. CSF examination may be undertaken, if no 
other clue to focus of infection is found. If the screen is 
positive, the patient is hospitalized and treated with 
antibiotics. A well-looking infant with no clinical focus of 
infection and a negative screen (leukocyte count <15,000/ 
cu mm, band count <20%, C-reactive protein negative, 
urine white cells <10/HPF) can be observed at home 
without antibiotics, provided the care takers are reliable 
and agree to bring the infant for reassessment 24 hours 
and 48 hours later. 


Fever without Focus In Children Aged 3-36 Months 


The risk of serious bacterial infections decreases with 
advancing age and in this age group it is 5%. A child 
presenting with fever without focus should be assessed 
completely. Detailed history is taken about vaccination, 
history of sick contacts in family and the condition of the 
child when fever is down. If the patient looks toxic, he 
should be hospitalized and undergo appropriate 
evaluation and treatment. In a non-toxic child with fever 
less than 39°C, one can merely observe. In children with 
fever more than 39°C, the risk of bacteremia is higher and 
it is recommended to do a leukocyte count and examine 
smear for malarial parasite. If the leukocyte count is 
>15,000/cu mm, blood culture should be sent and the 
patient administered IV ceftriaxone on either an inpatient 
or outpatient basis. A count less than 5000/cu mm should 
make one suspect viral infections, dengue and enteric 
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fever, If the count is less than 15,000/cu mm, observation 
is continued and if fever persists beyond 48 hours without 
development of a focus, a complete evaluation including 
complete blood counts, malarial parasite, C-reactive 
protein, urinalysis and blood culture is indicated. 


Fever of Unknown Origin 
Definition 


The definition of fever of unknown origin (FUO) is fever 
>101°C lasting for 3 weeks or more for which no cause is 
apparent after 1 week of outpatient investigation. A prac- 
tical definition of FUO is simply fever >101°F measured 
on several occasions over a 7-day period with normal 
preliminary investigations including at least complete 
blood counts, malarial smear, urinalysis and culture, blood 
culture, chest X-ray and ultrasound abdomen. 


Causes 


The principal causes of FUO are listed in Table 11.1; 
infections account for most causes (60-70%). Most 
common among infectious causes are enteric fever, 
malaria, pulmonary or extrapulmonary tuberculosis and 
urinary tract infections. Bacterial sinusitis may be a 
common cause of FUO even without the classical 
symptoms of upper respiratory infections. Malignancies 
including leukemia and lymphoma and autoimmune 
diseases chiefly systemic onset juvenile rheumatoid 
arthritis are important. Other causes include drug fever, 
temperature dysregulation, diabetes insipidus, 
sarcoidosis, ectodermal dysplasia and sensory autonomic 
neuropathies, Even with extensive investigations the cause 
of FUO remains undiagnosed in 10-20% of the cases. 


Approach to FUO 


The first step is to identify sick patients who need 
stabilization and urgent referral to a tertiary care centre. 
All attempts are made to reach an etiologic diagnosis. A 
detailed history is important, and includes: 

¢ Whether and how fever was documented 


d “ ‘Table 11.1; Causes of fever of unknown origin 
Infectious causes 

Enteric fever, malaria, urinary tract infections, tuberculosis, 
sinusitis, infectious mononucleosis, human immunodeficiency 
virus, rickettsial infections, hidden abscesses (liver, pelvic), 
mastoiditis, osteomyelitis, chronic meningitis, infective 
endocarditis, brucellosis, cytomegalovirus, toxoplasmosis, 
kala-azar 

Autoimmune causes 

Systemic onset juvenile rheumatoid arthritis, Kawasaki disease, 
systemic lupus erythematosus, inflammatory bowel disease, 
polyarteritis nodosa, Kikuchi disease 


Malignant causes 
Leukemia, lymphoma, hemophagocytic lymphohistiocytosis 








¢ Duration and pattern of fever (distinguish from 
recurrent fever) 

¢ Symptoms referable to all organ systems, weight loss 

¢ History of recurrent infections, oral thrush; joint pain, 
rash, photosensitivity 

¢ History of contact with tuberculosis and animals 
(brucellosis) 

e Travel to endemic zones (kala-azar, rickettsia) 

e Drug history particularly anticholinergics (drug fever) 

History is followed by a complete physical examination. 
Documentation of fever is necessary, followed by 
assessment of general activity, nutritional status and vitals. 
A head to toe examination, after removing all clothes, is 
vital. The physical examination should be repeated on 
daily basis as new findings may emerge that provide a 
clue to the etiology. One must keep Kawasaki disease in 
mind since diagnosis before the 10th day of fever is crucial 
to prevent coronary complications (Fig. 11.2). 

Preliminary investigations, which should be done in 
all patients with FUO include complete blood counts, 
peripheral smear, malarial parasite, C-reactive protein, 
ESR, blood culture, Widal test, chest X-ray, tuberculin test, 
urinalysis and culture, liver function tests, serum 
creatinine and abdominal ultrasound. Specialized 
investigations are done, depending on clinical clues. 

If a diagnosis is established on the basis of the above 
approach, appropriate treatment should be instituted. If 
no diagnosis is made, clinical reassessment and further 
investigations are merited. While second line investiga- 
tions are being planned and executed, treatment with 
intravenous ceftriaxone may be considered as enteric fever 
is an important cause of FUO in our country, especially in 
those with negative clinical and preliminary investiga- 
tions. Pe 
Second-line investigations include HIV ELISA, contrast 
enhanced CT of chest and abdomen, CT of the paranasal 
sinuses, 2D echocardiognam,| complement level, 
antinuclear antibodies and rheumatoid factors, and if 
indicated bone marrow histology and cultures and tissue 
biopsies. Other serologic tests include brucella and 
Epstein-Barr virus serology and hepatitis B surface 
antigen. Tests that are of limited value include quantiferon 
gold and serology for M. tuberculosis. 





vi. 
Fig. 11.2: Kawasak! disease: (a) Red and cracked lips; (bb) Palmar 
rash and swelling 
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It should be possible to make a diagnosis of the etiology 
of FUO in most cases. In a small number of cases, it ma 
not be possible to arrive at the etiologic diagnosis. In such 
cases, periodic reassessments should be done as the 
disease may finally surface (e.g: lymphoma, systemic onset 
juvenile rheumatoid arthritis). Some cases of FUO may 
self-resolve over time. Empirical antitubercular therapy 
with four drugs for four weeks may be tried, if it is not 
possible to arrive at an etiologic diagnosis after exhaustive 
work up and if the patient is sick. Empirical use of steroids 


should be avoided. 


Suggested Reading 
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Fever with Rash 


Fever with rash is a common problem that might signify 
a serious disorder (dengue hemorrhagic fever, 
meningococcemia) or conversely a minor drug allergy. 
There are a number of infectious and non-infectious causes 
of fever with rash (Table 11.2). 


Evaluation 


The most important factor that helps determine the 
etiology of an exanthematous febrile illness is the nature 
of rash. Rashes may be macular, maculopapular, vesicular, 


Table 11.2: Common exanthematous illnesses seen in children" 
Macular/ maculopapular rash 


Measles, rubella, dengue, roseola infantum, erythema 
infectiosum, drug rash, infectious mononuclecsis, 
chikungunya, HIV, adenoviral and enteroviral infections, 
Mycoplasma pneumoniae, secondary syphilis, brucellosis, 
scrub typhus, chronic hepatitis B, CMV, lupus, systemic JAA 
Diffuse erythema with peeling or desquamation 


Scarlet fever, Stevens-Johnson syndrome, toxic epidermolysis, 


staphylococcal and streptococcal toxic shock syndrome, 
Kawasaki disease 


Vesicular rash 


Varicella, herpes simplex, zoster, enteroviral infections (hand- 
foot-and-mouth disease), papulonecrotic TB 


Petechial and/or purpuric rash 


Meningococcemia, dengue hemorrhagic fever, Indian 
spotted fever, gonococcemia, hemorrhagic measles and 
chickenpox, cutaneous vasculitis, Henoch-Schénlein purpura 


Urticarial rash 


Scabies, cutaneous larva migrans, strongyloides, Insect bites, 
pediculosis 


Nodular rash 


Molluscum contaglosum, disseminated histoplasmos!s, 
cryptococcosis, erythema nodosum 


“Common and serious conditions are in bold 
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Fig. 11.3: Diffuse erythematous rash In a patient with dengue 


nodular, urticarial or purpuric (Table 11,2); overlap may 
occur with one etiology having varying presentations. 
Other factors that help in diagnosis are epidemiology, 
season, history of exposure, incubation period, age, 
vaccination status, prodromal symptoms and relation of 
rash with fever, distribution and progression of rash, 
involvement of mucous membranes and history of drug 
intake. Examination includes nature of the rash and 
distribution, involvement of palms and soles (dengue, 
Fig. 11.3; spotted fever; Kawasaki disease; Stevens-Johnson 
syndrome), involvement of mucous membranes, adeno- 
pathy, organomegaly and signs of meningeal irritation. 
Investigations that assist in diagnosis include complete 
blood counts, C-reactive protein, blood cultures and 
serology, and sometimes biopsy. 


Management 


All efforts are made to diagnose the serious entities first 
and institute treatment; a specific diagnosis is often not 
possible. In this situation, symptomatic therapy, close 
observation, explanation of danger signs to parents and 
staying away from school until the rash resolves is 
recommended. Often drugs and antibiotics are given toa 
child with fever and rash. Distinguishing this viral 
exanthem from drug-related rash is difficult; intense 
itching is common with the latter. Withholding the drug, 
Symptomatic therapy and observation 1s recommended. 
Rechallenge with the medication may be permitted, if the 
rash was mild. 


COMMON VIRAL INFECTIONS 


¥VNMON VIRAL INTE 


Measles 


Measles (rubeola) is a common and serious childhood 
exanthematous illness. Although immunization has led 
to remarkable reduction in mortality, measles is still 
estimated to cause 140,000 childhood deaths (2015), of 
which 50% occurred in India. 


Ellopathogenss!s 


Measles is caused by an RNA virus belonging to the 
paramyxovirus family. The virus is transmitted by droplet 
spread from the secretions of the nose and throat usually 
4 days before and 5 days after the rach. The disease is 
highly contagious with secondary attack rates in 
susceptible houschold contacts exceeding 41. The portal 
of entry is the respiratory tract where the virus multiplies 
in the respiratory epithelium. Primary viremia occurs 
resulting in infection of the reticuloendothelial system 
followed by secondary viremia, which results in systemic 
symptoms. The incubation period is around 10 days. 


Clinical Features 


The disease is common in preschool children; infants are 
protected by transplacental antibodies, which decline by 
9 months (hence the rationale for vaccination at this age). 
The prodromal phase is characterized by fever, rhinorrhea, 
conjunctival congestion and a dry hacking cough. Koplik 
spots, considered pathognomonic of measles, appear on 
the 2nd or 3rd day of the illness as gray/vrhite grains of 
sand-like lesions with surrounding erythema opposite the 
lower second molars on the buccal mucosa. The rash 
usually appears on the fourth day with rise in fever a 
faint reddish macules behind the ears, along the hairlin 
and on the posterior aspects of the cheeks (Fig. 11.4). 

rash rapidly becomes maculopapular and spreads to ' 


face, the neck, chest, arms, trunk, thighs and legs in tha 
order over the next 2-3 days. It then starts fading in the 
same order that it appeared, and leaving behind branny 
desquamation and brownish discoloration that fades over 
the next 10 days. 

Modified measles seen in partially immune individuals 
is a much milder and shorter illness. Hemorrhagic measles 
is characterized by a purpuric rash and bleeding from the 
nose, mouth or bowel. 
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Fig. 11.4: Conjunctival congestion and morbillifom rcsn of 
measles 
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Complications 


Widespread mucosal damage and significant immuno- 
suppression induced by measles account for the frequent 
complications seen with this viral infection. Complications 
are more frequent in the very young, the malnourished 
and the immunocompromised. The chief complications 
are otitis media and bacterial bronchopneumonia, The 
usual pathogens are pneumococcus, Stapltylococcis aureus 
and sometimes gram-negative bacteria. Other respiratory 
complications include laryngitis, tracheitis, bronchitis, 
giant cell pneumonia, bronchiectasis and flaring of latent 
M. tuberculosis infection. Transient loss of tuberculin hyper- 
sensitivity is common following measles. Gastrointestinal 
complications include persistent diarrhea, appendicitis, 
hepatitis and ileocolitis. Measles can precipitate mal- 
nutrition and can cause noma or gangrene of the cheeks. 

Acute encephalitis occurs in measles at a frequency of 
1-2/1000 cases most commonly during the period of the 
rash, consequent to direct invasion of the brain. Post 
measles encephalitis occurs after recovery and is believed 
to be due to an immune mechanism, similar to other para 
infectious/demyelinating encephalomyelitis. Measles is 
also responsible for the uniformly fatal subacute sclerosing 
panencephalitis (SSPE) seen several years after infection 
at a frequency of 1/100,000 cases. 


Diagnosis 

The diagnosis is clinical; it may be confirmed by estimating 
the levels of IgM antimeasles antibody that is present 
3 days after the rash and persists for 1 month. Measles 
needs to be differentiated from other childhood 
exanthematous illnesses. The rash is milder and fever less 
prominent in rubella, enteroviral and adenoviral 
infections. In roseola infantum, the rash appears once fever 
disappears while in measles the fever increases with rash. 
In rickettsial infections, the face is spared which is always 
involved in measles. In meningococcemia, the upper 
respiratory symptoms are absent and the rash rapidly 
becomes petechial. Drug rashes have history of antecedent 
drug intake. Kawasaki disease closely mimics measles; 
however, glossitis, cervical adenopathy, fissuring of lips, 
extreme irritability, edema of hands and desquamation 
are distinguishing clinical features. 


Treatment 


Treatment is supportive, comprising antipyretics, 
maintenance of hygiene, ensuring adequate fluid and 
caloric intake and humidification. Vitamin A reduces 
morbidity and mortality of measles and a single oral dose 
of 100000 units below 1 year and 200000 units over the 
age of 1 year is recommended. Complications should be 
managed appropriately. 


Prevention 


This is a preventable and potentially eradicable disease 
through immunization (Chapter 10). 
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Varicella (Chickenpox) 

Chickenpox is a common childhood exanthematous 
illness. Though usually a mild self-limited illness, it can 
be a serious disease in neonates, immunocompromised 
patients, pregnant women and even healthy children ang 


adults. 


Etlopathogenesis 


Chickenpox is caused by the varicella zoster virus, a DNA 
virus of the herpes virus family. The virus is present in 
respiratory secretions and the skin lesions of an affected 
child and is transmitted either by air-borne spread or 
through direct contact. The portal of entry is the 
respiratory tract. During the incubation period of 
10-21 days, the virus replicates in the respiratory mucosa 
followed by viremic dissemination to skin and various 
organs. During the latter part of the incubation period, 
the virus is transported to the respiratory mucosa and 
leads to infectivity even prior to appearance of the rash. 
The period of infectivity lasts from 2448 hours before the 
rash until all the vesicles are crusted (the scabs are not 
infective unlike smallpox). The disease is highly 
contagious with secondary attack rates of 80% among 
household contacts. Host immune response limits 
infection and promotes recovery. In immunocompromised 
children, unchecked replication and dissemination of virus 
leads to complications. VZV establishes lifelong latent 
infection in the sensory ganglia. Reactivation, especially 
during depressed immunity, leads to the dermatomal rash 
of herpes zoster. 


Clinical Features 


Chickenpox is rarely subclinical; thou ghinsome children, 
only a few lesions may be present. The peak age of disease 
is 5-10 years. The prodromal period is short with mild to 
moderate fever, malaise, headache and anorexia. The rash 
appears 24-48 hours after the prodromal symptoms as 
intensely pruritic erythematous macules first on the trunk. 
The rash rapidly spreads to the face and extremities while 
it evolves into papules, clear fluid-filled vesicles, clouded 
vesicles and then crusted vesicles (Fig. 11.5). Several crops 
of lesions appear and simultaneous presence of skin 
lesions in varying stages of evolution is a characteristic of 
varicella. The median number of lesions is around 300 but 
may vary from 10 to 1500. Systemic symptoms persist for 
2-4 days after appearance of the rash. The rash lasts 
3-7 days and leaves behind hypopigmented or hype? 


pigmented macules that persist for days to weeks. Scarring 
is unusual unless lesions are secondarily infected. 
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Fig. 11.5: The polymorphic rash of chickenpox 
Complications 


Secondary bacterial infections of the skin lesions may 
occasionally result in necrotizing fasciitis; usual organisms 
are S. aureus and S. pyogenes. Neurologic complications 
include meningoencephalitis, acute cerebellar ataxia, 
transverse myelitis, LGB syndrome and optic neuritis. 
Other complications include purpura fulminans due to 
antibodies against protein C, CNS vasculitis leading to 
stroke, autoimmune thrombocytopenic purpura, cold 
antibody-mediated immune hemolytic anemia and Reye 
syndrome. 

The progressive varicella syndrome is a dreaded 
complication of chickenpox in the immunocompromised, 
neonates, pregnant women and sometimes even healthy 
children, adolescents and adults. This syndrome is 
characterized by continued development of lesions, 
hemorrhagic lesions, coagulopathy and visceral organ 
involvement including hepatitis, pneumonia and 
encephalitis; mortality rates are high despite therapy. 

Chickenpox in pregnancy is associated with increased 
risk of severe disease in the mother. Congenital varicella 
syndrome may occur following infection in the first and 
second trimester at a frequency of 0.4—2% and is 
characterized by skin scarring, malformed extremities, 
cataracts and brain abnormalities (e.g. aplasia, 
calcifications). Finally, if the disease occurs in the mother 
5 days before and 2 days after delivery, severe and often 
fatal neonatal disease may result. 

Herpes zoster in children is characterized by a mild 
vesicular rash with dermatomal distribution; unlike adults 
pain is less and post-herpetic neuralgia unusual. The risk 
of herpes zoster is more in children who acquire chicken- 
Pox in infancy, those whose mothers developed varicella 
in the third trimester and in the immunocompromised. 


Diagnosis 


The diagnosis is clinical and usually not difficult. Chicken- 
POx should be differentiated from other vesicular 
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exanthemata such as herpes simplex, enteroviral infections 
(hand-foot-and-mouth disease), insect bites and drug 
reactions. In atypical cases, the diagnosis is made on 
Tzanck smear of the lesions (showing multinucleated cells) 
and demonstration of anti-IgM antibodies to varicella. 


Treatment 


Management is symptomatic and includes antipyretics 
(aspirin is contraindicated due to risk of Reye syndrome 
and ibuprofen due to risk of necrotizing fasciitis), 
antipruritic agents and good hygiene. The child should 
not attend school until no new lesions appear and all 
lesions have crusted. Administration of oral acyclovir 
(20 mg/kg/dose four times a day for 5 days) within 
24 hours of onset of rash in healthy children reduces the 
duration of rash by one day and lesions by 25%. There 
may be some benefit even if started within 24-48 hours of 
the rash but none beyond 48 hours. IV acyclovir (10 mg/ 
kg every 8 hours for 14 days) is recommended for patients 
with complicated varicella and illness of any severity in 
high-risk patients such as neonates and immuno- 
compromised children. 


Prevention 


Prevention against varicella with varicella vaccine and use 
of varicella zoster immune globulin (VZIG) for post- 
exposure prophylaxis are detailed in Chapter 10. VZIG is 
fairly expensive and not always available. Other options, 


which may be used are intravenous immunoglobulin and 
oral acyclovir. 
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Infectious Mononucleosis 


Infectious mononucleosis (IM), a syndrome characterized 
by fever, fatigue, sore throat and lymphadenopathy, is 
most often caused by a herpes virus, Epstein-Barr virus 
(EBV). Infectious mononucleosis-like illness can also be 


caused by toxoplasma, CMV, adenoviruses and primary 
HIV infection. 


Epidemiology 


The EBV virus, a DNA virus of the herpes virus family, is 
shed in oral secretions and transmitted by close intimate 
contact like kissing or exchange of saliva. The virus 
replicates in the oral epithelial cells then spreads to 
salivary glands travels in the B lymphocytes in the blood 
to the lymphoreticular system including lymph nodes, 
liver and spleen. The CD8 lymphocytes proliferate to check 
this replication of virus in the B lymphocytes and represent 
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the atypical lymphocytes seen in EBV infection. Like other 
herpes viruses, EBV establishes lifelong latent infection 
after the primary infection with frequent asymptomatic 
reactivations. 

The epidemiology of IM is related to the age of primary 
acquisition of EBV infection. In developing countries, most 
EBV infection occurs in infancy and early childhood when 
it is either asymptomatic or similar to other childhood 
infections. For this reason, IM is uncommonly seen or 
reported in India. In developed countries, the age of 
acquisition of EBV infection shifts upwards and thus IM 
is seen more commonly. 


Clinical Features 


Symptomatic EBV infections in older children and adults 
are characterized by insidious onset with symptoms such 
as malaise, fatigue, fever, headache, nausea, sore throat, 
abdominal pain and myalgia. Examination shows 
pharyngeal inflammation with exudates and petechiae at 
the junction of soft and hard palate, generalized 
lymphadenopathy (cervical, less often axillary and 
inguinal), mild splenomegaly (50%) and hepatomegaly 
(10%). Maculopapular rashes are seen in 3-15% and in 
30% of those who have received ampicillin or amoxicillin. 

Complications are rare and include splenic rupture 
following minor trauma, airway obstruction due to 
enlargement of oropharyngeal lymphoid tissue, 
meningitis, seizures, ataxia, myocarditis, hemolytic 
anemia, thrombocytopenia, neutropenia, aplastic anemia, 
interstitial pneumonitis and pancreatitis. 


Diagnosis 


Most patients show leukocytosis and absolute lympho- 
cytosis, with presence of atypical lymphocytes. The 
platelet counts are mildly low and hepatic transaminases 
elevated in 50% patients. The Paul-Bunnell test (hetero- 
phile antibody test) is used for screening. This test is based 
on agglutination of sheep/horse red cells by heterophile 
antibodies present in the serum of patients with EBV 
infection. This test may have false negative rates of 10% 
and remains positive for a few months to 2 years after 
infection. IgM antibody to viral capsid antigen (IgM VCA) 
is confirmatory for diagnosing acute infection. 

IM should be differentiated from other causes of 
mononucleosis enumerated earlier, streptococcal 
pharyngitis and acute leukemia. 


Treatment 


Rest and symptomatic therapy are mainstays of manage- 
ment. Participation in strenuous activities and contact 
sports should be prohibited in the first 2-3 weeks of illness 
due torisk of splenic rupture. Treatment with prednisolone 
(1 mg/kg/day for 7 days) is advised for complications 
such as hemolytic anemia, airway obstruction, meningitis 
and thrombocytopenia with bleeding. Intranasal steroids 
may be used to relieve nasal obstruction caused by 


enlarged adenoids. There is no clear role of acyclovir jp, 
treatment of EBV in the immunocompetent. 


Other Manifestations of EBV Infections 


EBV has oncogenic potential and has been causally 
associated with aggressive proliferative disorders such as 
virus associated hemophagocytic syndrome, oral hairy 
leukoplakia and lymphoid interstitial pneumonitis in 
patients with AIDS, nasopharyngeal carcinoma, Burkitt 
lymphoma, Hodgkin disease and tumors in immuno- 
compromised patients (e.g. X-linked lymphoproliferative 
disease, leiomyosarcoma, CNS lymphoma). 
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Roseola Infantum 


Roseola infantum (exanthem subitum, sixth disease) is a 
common childhood exanthematous illness caused most 
commonly by a DNA human herpes virus-6 (HHV-6) and 
less commonly by HHV-7 and echovirus 16. HHV-6 and 
HHV-7 target the CD4T cells and like other herpes viruses 
can remain latent in the body for several years after acute 
infection. 

The peak age for roseola is between 6 months and 
3 years. The prodromal period is characterized by upper 
respiratory signs such as rhinorrhea, pharyngeal 
inflammation, conjunctival redness, mild cervical and 
occipital adenopathy and sometimes palpebral edema. 
The classic clinical illness is heralded by high fever ranging 
from 38°C to 40°C associated with febrile seizures in 
5-10% and lasting for 3-4 days. Fever declines abruptly 
and is followed by development of a rash within 
12-24 hours. The rash is discrete erythematous and 
maculopapular which first appears on the trunk and then 
spreads to the face, neck and proximal extremities. Jt is 
nonpruritic, rarely becomes confluent and fades in 3+ 
days. Infectiousness is low and outbreaks have not 
occurred. Roseola should be differentiated from childhood 
illnesses such as rubella, measles, enteroviruses and drug 
hypersensitivity. Treatment is symptomatic and prognosis 
excellent. 
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Erythema Infectiosum 


Erythema infectiosum (fifth disease) is a common 
exanthematous illness of childhood caused by a small 
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Fig. 11.6: The “slapped cheek" rash of erythema infectiosum 


DNA virus Parvovirus B19. This virus has tropism for cells 
of the erythroid lineage at the pronormoblast stage. 

The peak age for erythema infectiosum is between 
5-15 years, Transmission of infection is by the respiratory 
route and the incubation period is 4-28 davs (mean 
16-17 days). The prodromal phase is mild and consists of 
low-grade fever, headache and symptoms of mild upper 
respiratory tract infection. The characteristic rash first 
appears as erythematous flushing on the face in what is a 
slapped cheek appearance (Fig. 11.6). It spreads rapidly 
to trunk and proximal extremities as a diffuse erythe- 
matous macular rash that rapidly undergoes central 
clearing to give it a lacy or reticulated pattern. The rash 
gradually fades over a 1-3 weeks period. Complications 
include arthropathy, idiopathic thrombocytopenic 
purpura and aseptic meningitis. Fifth disease should be 
differentiated from measles, roseola, rubella and drug 
rash. Treatment is symptomatic. 

Other serious manifestations of parvovirus B19 
infection include arthralgia and arthropathy in adolescents 
and adults, transient aplastic crises in patients with chronic 
hemolytic anemia, chronic anemia, pancytopenia or 
Marrow suppression, virus associated hemophagocytic 
syndrome in the immunocompromised, hydrops fetalis 
in pregnant women and rare episodes of myocarditis in 
healthy children and adults. 
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Mumps 


Mumps is an acute viral infection characterized by painful 
enlargement of salivary, most commonly the parotid 
glands. Mumps is caused by an RNA virus of genus 
Paramyxovirus; only one serotype is known. 


Etiopathogenes!s 


Most cases occur between 5 and 15 years of age; infants 
are rarely affected due to the presence of transplacentally 
acquired maternal antibodies. Man is the only reservoir 
of infection; a carrier state does not exist. The incidence is 
high in winter and spring; infections occur by direct 
contact, airborne droplets and fomites contaminated by 
saliva and urine. The virus proliferates in the respiratory 
epithelium and enters the circulation; it then gets localized 
to the glandular and neural tissue. The virus has been 
isolated from saliva as long as 6 days before and 9 days 
after appearance of salivary gland swelling. Secondary 
infection rates vary from 40 to 80%. Mumps infection or 
immunization is believed to confer lifelong immunity. 


Clinical Features 


Following an incubation period of 2-4 weeks, the 
symptoms begin acutely with fever, malaise and headache. 
Mumps infection is characterized by unilateral or bilateral 
parotitis. This presents as earache, jaw tenderness while 
chewing, dryness of mouth and swelling at the angle of 
jaw. The ear lobe may appear to be pushed upwards and 
outwards. The defervescence and resolution takes about 
a week. Occasionally other salivary glands including the 
submaxillary and sublingual glands are affected. 


The occurrence of epididymo-orchitis is common in 
adolescent boys or postpubertal men (unilateral in 85% 
cases) and occurs 1-2 weeks after parotitis. The testes are 
enlarged and tender. Some degree of atrophy develops in 
the affected testes; sterility is rare. 

CNS involvement in the form of aseptic meningitis is 
seen in ~1-10% patients with parotitis. Recovery is 
generally uneventful. Mumps is one of the commonest 
causes of aseptic meningitis in children. The risk of 
encephalitis is between 0.02 and 0.3%, with satisfactory 
prognosis and of <2%. Other manifestations include 
auditory nerve damage with deafness, cerebellar ataxia, 
facial neuritis, transverse myelitis and Guillain-Barré 
syndrome. Uncommon presentations include pancreatitis 
(5% may trigger insulin-dependent diabetes mellitus), 
mastitis, oophoritis, nephritis and myocarditis. 


Diagnosis 


The diagnosis is based on clinical features. Serum amylase 
is elevated in almost 90% patients. The diagnosis may be 
confirmed by serum IgM ELISA. Mumps parotitis needs 
to be differentiated from suppurative parotitis, sub- 
mandibular lymphadenitis, juvenile parotitis, calculus in 
Stensen duct and other infectious causes, e.g. coxsackie A 
and cytomegalovirus. 


Treatment 


Symptomatic treatment is given in the form of antipyretics 
and warm saline mouthwashes. Orchitis is treated by bed 
rest and local support. Aseptic meningitis responds well 
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to mannitol. Steroids may be used for symptomatic relief 
of orchitis and arthritis but do not alter the course of 
disease. 


Prevention 


The affected patient should be isolated until the parotid 
swelling has subsided. Mumps can be prevented by timely 
immunization (Chapter 10). 


Suggested Reading 
* Bockelmans C, Frawley TC, Long B, Koyfman A. Mumps: An 
emergency medicine focused update. J Emerg Med 2018;54:207-14. 
* Center for Disease Control and Prevention, Mumps cases and 
outbreaks. wiww.cde.gov, 2018. 


Poliomyelitis 


The polioviruses belong to the genus Enterovirus in the 
family Picornaviridae and comprise three serotypes: Types 
1, 2 and 3, all of which can cause paralysis. Type 1 is most 
frequently responsible for the illness; type 2 is rarely 
involved. 


Epidemiology 


Poliomyelitis was a significant cause of childhood 
morbidity and mortality with a reported 350000 cases in 
1988. The Global Polio Eradication initiative was launched 
in 1988 using oral polio vaccine (OPV) as the eradication 
tool and employing a four pronged strategy comprising 
maintaining high routine immunization coverage, 
supplementary immunization activities, AFP surveillance 
and outbreak response immunization. The initiative was 
hugely successful with reduction of polio cases from 
350,000 in 1988 to 37 reported cases in 2016. Paralysis due 
to polio virus type 2 has not been seen since 1999. The last 
wild polio case was reported from India on 13 January 
2011 and India and the WHO South East Asia region has 
been certified polio free from 27 March 2014. Endemic 
transmission continues in Pakistan, Afghanistan and 
Nigeria. Patients with vaccine associated paralytic polio 
(VAPP) and paralysis associated with circulating vaccine 
derived polio virus (cVDPV) are reported. It is also 
realized that unlike smallpox vaccination, immunization 
against polio cannot stop. The WHO has thus launched 
the “Polio Eradication and End Game Strategic Plan 2013- 
2019” which entails a switch from trivalent to bivalent 
polio vaccine along with introduction of inactivated polio 
vaccine in the national immunization programs. The ulti- 
mate aim is to stop use of the oral polio vaccine altogether. 


Etiopathogenesis 

The virus is transmitted by both the feco-oral route 
(especially in developing countries where hygiene and 
sanitation is poor) and through the oral-pharyngeal route 
through droplet nuclei (in industrialized countries and 
during outbreaks). On average, the incubation period of 
the disease is 7-10 days (range 4-35 days). 


Clinical Features 


In 90-95% of infected individuals, poliovirus infection js 
inapparent. In the remaining 5-10% of individuals infecteg 
by poliovirus, one of the following syndromes may occur. 


Abortive polio occurs in 4-8% of infections and jg 
characterized by a minor illness with low grade fever, sore 
throat, vomiting, abdominal pain, loss of appetite ang 
malaise. Recovery is rapid and complete; there is no 


paralysis. 


Non-paralytic aseptic meningitis occurs in 1-2% infections, 
with headache, and neck, back and leg stiffness several] 
days after illness similar to abortive polio. Recovery occurs 
by 2-10 days. 


Paralytic poliomyelitis occurs in 0.5-1% infections, 
Symptoms occur in two phases, minor and major, 
separated by several days without symptoms. The minor 
phase consists of symptoms similar to those of abortive 
poliomyelitis. The major phase of illness begins with 
muscle pain, spasms and the return of fever. This is 
followed by rapid onset of flaccid paralysis that is usually 
complete within 72 hours. 


Spinal paralytic poliomyelitis is severe with quadriplegia and 
paralysis of the trunk, abdominal and thoracic muscles. 
Affected muscles are floppy and reflexes are diminished. 
The sense of pain and touch are normal. Paralysis is 
asymmetrical, affecting legs more often than arms; 
weakness begins proximally and progresses to involve 
distal muscle groups (descending paralysis). Bulbar polio 
accounts for 2% cases and results from a cranial nerve 
lesion, resulting in respiratory insufficiency and difficulty 
in swallowing, eating or speaking. Bulbospinal polio is seen 
in ~20% and is a combination of spinal paralytic and 
bulbar polio. 

Depending on the strain of poliovirus, the ratio between 
subclinical and clinical infections is estimated to range 
between 100:1 and 1000:1. Older children and adults run 
a greater risk of developing paralytic illness. The case 
fatality rate ranges between 2 and 20% among persons 
who develop the paralytic form of the disease. If there is 
bulbar or respiratory involvement, the case fatality rate 
approaches 40%. 


Residual Paralysis 


As the acute phase of illness (0-4 weeks) subsides, the 
recovery begins in paralyzed muscles. The extent of 
recovery is variable ranging from mild to severe residual 
paresis at 60 days, depending upon the extent of damage 
caused to the neurons by the virus. Maximum neurological 
recovery takes place in the first 6 months of the illness; 
slow recovery continues up to two years. After two years, 
no more recovery 1s expected and the child is said to havé 
postpolio residual paralysis, which persists throu ghout 


life, 


infections and Infestations 


Diagnosls 


The diagnosis is based on history and characteristic clinical 
features of asymmetric flaccid paralysis. Stool examination 
is recommended in every case of acute flaccid paralysis 
(AFP). Virus can be detected from onset to 8 or more weeks 
after paralysis; the highest probability of detection being 
in the first 2 weeks after onset of paralysis. Examination 
of cervbrospinal fluid (cell count, Gram stain, protein and 
glucose) is useful in eliminating other conditions that 
cause AFP, Current serologic tests cannot differentiate 
between wild and vaccine virus strains. Collection of blood 
specimens for culture or serology is not recommended. 


Differential Diagnoss 


It is not possible to clinically differentiate between wild 
and vaccine-associated paralytic polio (VAPP). The two 
diseases most commonly confused with polio are Guillain- 
Barré syndrome and transverse myelitis. Other conditions 
with a presentation similar to those of paralytic polio- 
myelitis include traumatic neuritis, rabies, meningitis / 
encephalitis, and illnesses due to toxins (diphtheria, 
botulism) (Chapter 19). 


Treatment 


Treatment should be early and appropriate to the stage 
and degree of paralysis. Children with bulbospinal polio 
and respiratory paralysis require hospitalization. Children 
with isolated limb paralysis can be managed at home. As 
the acute phase of illness subsides, recovery in muscle 
power is helped by physiotherapy, ambulation and 
prevention of deformities. Some children require orthosis 
at some stage for ambulation. Others with fixed 
deformities and contractures require orthopedic 
intervention. 


Prevention 


The available vaccines and the recommended schedule 
are discussed in Chapter 10. 
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Hand-Foot-and-Mouth Disease (HFMD) 


HEMD is a common viral illness affecting primarily 
children below the age of 5 years. The illness is caused by 
viruses of the enterovirus genus, belonging to family 
Picornaviridae. This genus includes other infection 
causing viruses, including poliovirus, ECHO virus, 
Coxsackie virus and enteroviruses. Though many viruses 
can cause HFMD, Coxsackie virus A16 and enterovirus 
71 are the most common. The disease commonly presents 
as outbreaks often in preschools and transmission is 


by direct contact with an affected patient or infected 
fomites. 





Fig. 11.7: Vesicular rash of hand-foot-and-mouth disease 


Clinical Features 


The onset is with a prodrome characterized by low grade 
fever, feeling of being unwell, sore throat. This is followed 
by development of ulcers/ blisters in the oral cavity mostly 
on the posterior aspect, papulovesicular skin rash on the 
palms and soles and less commonly on buttocks, knees, 
elbows and genital area (Fig. 11.7). All manifestations may 
not be present in all patients. The illness resolves quickly 
over the 4-5 days in most patients. 

Complications include loss of toe nails or finger nails 
4 weeks after onset of disease which is temporary. Rare 
complications include aseptic meningitis, encephalitis, 
polio-like paralysis, myocarditis and respiratory distress 
syndrome. Mortality is reported in HFMD outbreaks 
particularly due to enterovirus 71 with neurologic 
complications, from China, Vietnam, Taiwan and 
Malaysia. Some experts believe that HFMD enteroviruses 


are occupying the ecologic niche created by eradication 
of polioviruses. 


Diagnosis 


Diagnosis is clinical and the disease should be differen- 
tiated from other illnesses causing oral ulcers such as 
herpangina, herpetic gingivostomatitis and aphthous 
ulcers and also from chicken pox and insect bite allergy. 


Treatment and Prevention 


Treatment is symptomatic with analgesics and soft diet. 
Isolation of affected children at home and promotion of 
hand hygiene is important. There is no vaccine available 
against HFMD. 


Suggested Reading 


° Hand-foot-and-mouth disease. www.mayoclinic.org 
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Viral Hepatitis 


Hepatitis is a general term meaning inflammation of the 
liver and can be caused by a variety of different hepato- 
tropic viruses such.as hepatitis A, B,C, Dand E. Hepatitis 
A and E are responsible for most of the waterborne 
(community acquired) hepatitis, while B, C and D are 
responsible for, post-transtusion hepatitis. Since a 
considerable number of cases of both post-transfusion and 
community-acquired hepatitis are not identified as being 
caused by hepatitis A-E, investigators have sought to 
identify other potentially hepatotropic viral agents, 
including hepatitis G virus, TT virus and SEN virus. 


Hepatitis A 


Hepatitis A is caused by infection with the hepatitis A 
virus (HAY), a nonenveloped RNA virus. In humans, a 
single serotype of HAV enists. HAV infection induces 
lifelong protection against reinfection. HAV is extremely 
resistant to degradation by environmental conditions, a 
property that allows its maintenance and spread within 
populations. It is spread via the fecal oral route through 
contaminated food and water, and person-to-person 
spread under poor sanitary conditions. The severity of the 
disease increases with age at time of infection. In children 
below age 5, infection is asymptomatic or presents as an 
acute undifferentiated febrile illness. Classic hepatitis is 
seen in older children, adolescents and adults. Hence in 
developing countries with poor environmental hygienic 
conditions where most are infected in childhood, 
symptomatic disease is less common and outbreaks rare. 
India is a country with intermediate endemicity, a subset 
of population which is of good socioeconomic status 
escapes natural infection in childhood and gets 
symptomatic disease as adults. 


Clinical Features 


The incubation period ranges from 10 to 50 days (median 
30 days), during which the patient remains asymptomatic 
despite active replication of the virus. Thereafter, there is 
a short prodromal phase lasting for up to a week 
characterized by symptoms like loss of appetite, fatigue, 
abdominal pain, nausea and vomiting, fever, diarrhea, 
dark urine and pale stools. In older patients, this 
prodromal phase is followed by an icteric phase, during 
which jaundice develops at total bilirubin levels exceeding 
2—4 mg/dL and liver enzymes in hundreds/thousands. 
The icteric phase generally begins within 10 days of the 
initial symptoms. Fever improves after the first few days 
of jaundice. During the next few weeks in the convalescent 
period, patient shows complete recovery. 


In around 0.1 to 1% of patients, extensive necrosis of 


the liver occurs during the first 6-8 weeks of illness. In 
this case, high fever, marked abdominal pain, vomiting, 
jaundice and the development of hepatic encephalopathy 
associated with coma and seizures occur. These are the 


W216 | Essential Pediatrics 


i ulminant hepatitis, which is more common a, 
eae and leads to death in 70-90% of the patients 
In patients who survive, neither functional nor patholog;, 
sequelae are common despite the widespread Necrosis, 
Infection with HAV does not lead to chronic or persistent 
hepatitis. lnsome patients, theres a prolonged febrile chole. 
static phase and some patients have a relapsing pattern. 


Diagnosis 
Laboratory evaluation of liver function includes 
estimation of total and direct bilirubin, transaminases, 
alkaline phosphatase, prothrombin time, total protein and 
albumin. The specific diagnosis of acute hepatitis A js 
made by finding anti-HAV IgM in the serum. Anti-HAY 
IgM is detectable about 3 weeks after exposure, always 
by the time symptoms occur, its titer increases over 
4 to 6 weeks, then decline to non-detectable levels within 
6 months of infection. As IgG anti-HAV persists lifelong 
after acute infection, detection of IgG anti-HAV alone 
indicates past infection. 

Hepatitis A needs to be differentiated from other viral 
hepatitis chiefly E, and sometimes also from Wilson 
disease and autoimmune hepatitis. 


Treatment 


Therapy is supportive and is aimed at maintaining 
adequate nutrition. There is no evidence to suggest that 
restriction of fats has any beneficial effect on the course of 
the disease. Eggs, milk and butter actually help providea 
correct caloric intake. Antiviral agents have no role 
because the hepatic injury appears to be immuno- 
pathologically mediated. Referral to a liver transpiant 
centre is appropriate for patients with fulminant hepatitis. 
Steroids are sometimes indicated in patients with 
cholestatic/relapsing hepatitis. 


Prevention 


The ideal preventive strategy is improvement in 
sanitation, hygiene and water supply. Immunization is 
very effective (Chapter 10). Immunoglobulin G may be 
used for postexposure prophylaxis. If administered within 


2 weeks of exposure, it either prevents development of 
disease or reduces its severity. 


suggested Reading 
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Hepatitis B 


Hepatitis B virus is a 3.2 Kb, circular, partially double 
stranded DNA virus containing 3200 nucleotides coding 
for core protein (HBcAg), precore protein (HBeAg): 
envelope glycoprotein (HBsAg), a DNA polymerase with 
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reverse transcriptase activity and the HBV-X protein that 
acts aS a transcriptional activator for many host and viral 
genes and may have a role to play in hepatocellular 
carcinoma. 


Epidemiology 


It is estimated that 250 million people are living with 
hepatitis B infection worldwide; the illness resulted in 
approximately 887,000 deaths (2015) from cirrhosis and 
hepatocellular carcinoma. Global prevalence of HBV 
infection varies from 0.7% in the Americas region, 2% in 
South East Asia and 6% in Africa; carrier rates in India 
~2-3%. HBV is transmitted through contact with blood 
and body fluids of an infected person. In highly endemic 
areas, HBV infections occur mainly due to perinatal 
transmission from carrier mothers to their infants or less 
commonly through horizontal transmission resulting from 
casual contact with infected children during first 5 years 
of life. It is estimated that in the absence of prophylaxis, 
70-90% of HBsAg and HBeAg positive mothers will 
transmit infection as against only 10-40% of HBsAg 
positive but HBeAg negative mothers. HBV is not trans- 
mitted by breastfeeding. Other routes of transmission are 
unsafe injections, drug abuse, tattooing, medical 
procedures including dialysis and sexual transmission. 


Pathogenesis and Clinical Features 


It is estimated that 90% of perinatally infected children 
become chronic carriers, compared to 30-50% of those 
infected in childhood and 5% of those infected in 
adulthood. Perinatally infected children are usually 
asymptomatic. Most of them have high levels of viral 
replication in the liver with high levels of HBV DNA and 
HBeAg but normal liver enzymes and no clinical 
symptoms. This is called the immunotolerant phase. In the 
second and third decade of life, the phase of immune 
tolerance converts to a phase of immune clearance wherein 
there is immune-mediated destruction of the virus infected 
cells leading to abrupt increase in liver enzymes and less 
commonly symptoms of hepatitis and rarely hepatic 
decompensation. In some this immune clearance is 
associated with loss of HBeAg and development of anti- 
HBe antibody and later clearance of HBsAg (0.6% of 
infected children per year) (Fig. 11.8). In most cases, this 
phase is associated with only temporary loss of HBeAg 
and clearance of HBV DNA with return of antigenemia. 
Several such episodes may occur over the years with 
development of chronic hepatitis and later cirrhosis and 
hepatocellular carcinoma (HCC). In children infected in 
early childhood, the initial phase is of active replication, 
followed by non-replication and remission of disease or 
Progression to chronic liver disease and HCC. 


Treatment 


The short-term goals of therapy are to enhance the activity 
of the immune system to fight the virus, prevent viral 
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Fig. 11.8: Progression to chronic hepatitis B virus Infection 


replication leading to undetectable viral load, halt liver 
damage, achieve clearance of HBeAg and finally HBsAg, 
development of anti-HBeAb and anti-HbsAb so that long- 
term complications of cirrhosis and HCC are prevented. 
It is generally agreed that treatment should be initiated 
and is effective only when there is rise in the ALT levels 
to at least two times normal and evidence of liver disease 
on biopsy. Treatment rarely succeeds in the immuno- 
tolerant phase. There are two primary agents for therapy 
of chronic hepatitis B in children: Interferon (IFN) or 
lamivudine. 


Interferons are a group of naturally occurring agents 
with antiviral, antineoplastic and immunomodulatory 
properties. Standard interferon is administered as thrice 
weekly injections for 6 months. Studies indicate that 
almost 30% lose HBeAg and halt liver damage with 
treatment and 90% of these continue to be HBsAg negative 
over 4-8 years follow-up. Antiviral resistance does not 
occur. The main limitations are treatment related side 
effects such as flu-like symptoms, headache, depression, 
loss of appetite, anemia, leukopenia and thrombo- 
cytopenia. Promising results are emerging using 
pegylated IFN in adults with chronic hepatitis B, but data 
in children are lacking. 

Oral lamivudine is more convenient to take with fewer 
side effects and is usually prescribed for 1 year to begin 
with. There is reduction in liver damage with loss of 
HBeAg but limitations are relapse of viremia and 
antigenemia on stopping therapy and high incidence of 
development of YMDD mutants (10-30% after 1 year and 
60-70% after 5 years). 

Combinations of either INF-a 2a or INF-a@ 2b with 
lamivudine have comparable effects and slightly better 
results than monotherapy in children affected by chronic 
hepatitis. Other drugs recently approved for HBV infection 
in children include adefovir (above 12 years), entecavir 
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(above 16 years), telbivudine (above 16 years) and more 
recently tenofovir (above 12 years) (see Chapter 12). 


Imamunoprophylaxis 


Hepatitis B immunoglobulin (HBIG) is used in the post- 
exposure prophylaxis of newborns of HBV-infected 
women. It is administered intramuscularly as soon as 
possible after birth and should be given concurrently with 
HBV vaccine, at a different site. The dose for infants is 0,5 
mL. Combination of HBIG and HBV vaccination in infants 
born to HBsAg positive mothers prevents transmission 
in approximately 95% of those at risk (see Chapter 10). 


suggested Reading 
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Hepatitis D 


Hepatitis delta virus (HDV) was first detected as a new 
nuclear antigen in the hepatocytes of patients infected with 
hepatitis B virus (HBV) and was frequently associated with 
severe acute or chronic hepatitis. Transmission of HDV 
requires either co-infection with HBV or superinfection 
in individuals who are HBV carriers. Although HDV 
infection is closely associated with HBV, HDV clearly 
belongs to a distinct virus group. Currently, HDV is 
assigned a floating genus, Deltavirus. 


Hepatitis C 


Hepatitis C virus (HCV) was recognized in 1989 as a major 
cause of non-A, non-B hepatitis. HCV is an enveloped, 
single-stranded, positive-sense ribonucleic acid (RNA) 
virus, classified as an independent genus (Hepacivirus) 
within the Flavivirus family. 





Viral Variants 


The HCV RNA-dependent RNA polymerase lacks proof- 
reading ability, which results in HCV being genetically 
heterogeneous. Based on analysis of HCV sequences, six 
major HCV genotypes are recognized. HCV genotypes 
1 and 2 are the most prevalent worldwide. HCV 
genotype 3 is most common in Australia and the Indian 
subcontinent. The viral genotypic distribution in children 
generally parallel that reported regionally in adults. HCV 
genotype 1 correlates with higher serum viral levels and 
a less favorable response to antiviral treatment. 


Epidemiology 


The worldwide prevalence of HCV infection is approxi- 
mately 3%, which represents an estimated 170 million 
infected persons. Infection occurs due to contact with 
blood and body fluids of infected people. The primary 
modes of infection in children are vertical transmission 
from infected mothers (rates ranging from 2 to 10% 
depending on the level of maternal viremia and 
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coinfection with HIV) and receipt of blood transfusions 
prior to the period when HCV testing became routine. 
HCV is not transmitted by breastfeeding. Transmission 
by unsafe injections, drug abuse, tattooing are other routes 
for disease transmission. Unlike HBV, HCV is not 
transmitted to household contacts and sexual transmission 
is infrequent. 


Clinical Features 


In adults, 85% of patients exposed to HCV will develop 
chronic infection, of which approximately 10-20% 
develops cirrhosis and some hepatocellular carcinoma. 
Chronic HCV is a common indication for liver transplant 
in the developed nations. However, the prognosis of 
childhood HCV infection is generally good. A significant 
percentage (~40%) of vertically infected children 
spontaneously clears HCV over a few years. The rate of 
spontaneous clearance reduces as age of acquisition of 
infection advances. Even chronically infected children 
remain asymptomatic; most have normal liver enzymes 
and a few changes on liver biopsy. Progression to chronic 
disease, hepatic failure and carcinoma are rare in children. 


Diagnosis 


The diagnosis of HCV infection is based on detection of 
antibodies against recombinant HCV antigens by enzyme 
immunoassay or rapid immunoblot assays or by detection 
of HCV RNA using nucleic acid tests. Enzyme immuno- 
assays are fairly sensitive but less specific especially with 
false positive results in patients with elevated globulin 
levels such as those with autoimmune hepatitis. Recom- 
binant immunoblot/immunochromatographic assays are 
less sensitive but more specific than enzyme immunoass2V 
in detecting anti-HCV antibodies. Hence the EIAs are 
recommended as screening tests and the recombinant 

immunoblot assay as confirmatory tests. Patients with 

positive EIA and negative immunoblot assays are labeled 

as indeterminate and repeating tests after 4-6 weeks in 

such a setting is recommended. Antibodies against HCV 

are non protective and may last for life even if the patient 

has cleared HCV from the body. Diagnosis of perinatal 

infection, early infection (in the first 4-8 weeks) or active 

infection is by performing the HCV RNA PCR. 


Therapy 


Most childhood HCV infections do not need specific 
therapy. Treatment is indicated only in children with 
persistently elevated liver enzymes and abnormalities on 
liver biopsy. Standard treatment in these children includes 
interferon 2a (preferably pegylated) with or without 
ribavirin for 24-48 weeks depending on the genotype. A 
number of new anti-viral medications (sofosbuvit, 
velpatasvir, ledipasvir, simprevir) have been approved for 
use in patients with hepatitis C, including those with 
compensated cirrhosis, HIV co-infection or severe kidney 
disease (see Chapter 12). 


infections and Infestations 


suggested Reading 
« NASPGHAN Practice Guidelines: Diagnosis and management of 
hepatitis C infection in infants, children, and adolescents. JPGN 
2012; 54:838-55. 


Hepatitis E 


Hepatitis E virus was first described in 1978 after an 
epidemic affecting 52,000 individuals in Kashmir. 
Hepatitis E is caused by infection with the hepatitis E virus 
(HEV), a single-stranded RNA virus. Just like HAV, HEV 
is transmitted via the fecal oral route. It is usually 
transmitted through contaminated drinking water. 
Hepatitis E virus causes acute sporadic and epidemic viral 
hepatitis. Symptomatic HEV infection is most common in 
young adults aged 15-40 years and is uncommon in 
children where it is mostly asymptomatic and anicteric. 


Clinical Features 


The incubation period following exposure to HEV ranges 
from 3 to 8 weeks, with a mean of 40 days. The clinical 
presentation of hepatitis E is similar to hepatitis A. The 
severity of an HEV infection is generally greater than the 
severity of an HAV infection. In pregnant women, the 
disease is particularly severe where mortality approaches 
20% with infections in the third trimester. Premature 
deliveries with high infant mortality up to 33% are 
observed. Chronic hepatitis E infection has been described 
in immunocompromised hosts. 


Diagnosis 


Laboratory evaluation of HEV is similar to that of HAV 
and is based on detection of HRV IgM. Antibodies to HEV 
(IgM and IgG) develop at the time symptoms occur, 
usually before the development of jaundice. IgM anti- HEV 
titer declines rapidly during early convalescence, while 
IgG anti-HEV persists for long duration and provides 
protection against subsequent infections. 


Treatment 


Treatment is generally supportive and symptomatic. There 
is some data about benefits of ribavirin therapy in patients 
with fulminant hepatitis, in pregnant women with severe 
hepatitis (despite teratogenicity of ribavirin) and in chronic 
infection in immunocompromised hosts. 


Prevention 


The principles of prevention include food, water and 
Personal hygiene. Boiling water inactivates Hepatitis E but 
the effectiveness of chlorination is unknown, A recombinant 
Benotype 1 vaccine has been commercially licensed in China 
Which has shown good long-term protection and cross- 
Protection against genotypes 2 and 4, 
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Dengue 


Dengue fever is an acute febrile illness characterized by 
fever, myalgia, arthralgia and rash. Severe dengue 
infection is characterized by abnormalities in hemostasis 
and by leakage of plasma from the capillaries; the latter 
may lead to shock (dengue shock syndrome). 


Epidemiology 


The global prevalence of dengue has increased, with the 
disease endemic in more than 100 countries in Africa, the 
Americas, the Eastern Mediterranean, south-east Asia and 
Western Pacific. South-east Asia and the Western Pacific 
are most seriously affected. WHO estimates 50 million 
annual cases of dengue infection across the world. During 
epidemics, attack rates among susceptible are ~40-50%. 
An estimated 500,000 cases with severe dengue infection 
require hospitalization every year; 2.5% patients die. 
Without proper treatment, case fatality rates in severe 
dengue infection (earlier called dengue hemorrhagic fever, 
DHF) exceed 20%. The spread of dengue is attributed to 
expanding geographic distribution of the four dengue 
viruses and their mosquito vectors, chiefly the pre- 
dominantly urban species Aedes aegypti. A rapid rise in 
urban populations is bringing ever greater numbers of 
people into contact with this vector, especially in areas 
that favor mosquito breeding, e.g. where household water 
storage is common and where solid waste disposal 
services are inadequate. 


Virus: Dengue fever is caused by any of the 4 dengue 
serotypes, arbo viruses of the family Flaviviridae. These 
RNA viruses are spherical, approximately 50 nm in 
diameter with approximately 11000 nucleotides. The 
envelop protein bears epitopes that are unique to the 
serotypes. Antibodies to these epitopes neutralize by 
interfering with entry of virus into the cells. There are other 
epitopes that are shared between dengue viruses (dengue 
subgroup antigens) and other flaviviruses (group 
antigens). Four well-defined dengue virues are identified, 
DENV-1, DENV-2, DENV-3 and DENV-4. Genotyping is 
used to trace the movement of dengue viruses between 
different geographic regions. 


Transmission: Dengue viruses are transmitted to humans 
through the bites of infected female Aedes mosquitoes. 
Mosquitoes acquire the virus while feeding on blood of 
an infected person. After incubation for 3-7 days, an 
infected mosquito is capable, during probing and blood 
feeding of transmitting the virus to susceptible individuals 
for the rest of its life. Infected female mosquitoes may also 
transmit the virus to their offspring by transovarial (via 
the eggs); this transmission is not well studied. Humans 
are the main amplifying host, although monkeys may 
become infected and serve as a source of virus for 
uninfected mosquitoes. The virus circulates in the blood 
of infected humans for 2-7 days, at approximately the 
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same time as fever. Aedes mosquitoes may acquire the 
virus when feeding on an individual. 


Pathophyslology 


The major pathophysiology that differentiates severe 
dengue from dengue fever is plasma leakage and 
abnormal hemostasis leading to rising hematocrit values, 
moderate to marked thrombocytopenia and varying 
degrees of bleeding. The cause of abnormal leakage of 
plasma is not entirely understood. However, rapid 
recovery without residual abnormality in vessels suggests 
it to be the result of release and interaction of biological 
mediators, capable of producing severe illness with 
minimal structural injury. 


The pathogenesis of dengue and severe dengue 
infection is not clear. It is observed that sequential infection 
with any two of the four serotypes of dengue virus results 
in DHF/DSS in an endemic area. It is suggested that 
antibodies produced during the first infection are able to 
neutralize a second viral infection with the same serotype. 
However, when no neutralizing antibodies are present (i.e. 
infection due to another serotype), the second infection is 
under the influence of enhancing antibodies and the 
resulting infection and disease are severe. It is proposed 
that serotype cross-reactive antibodies generated from 
previous infection with a particular dengue virus serotype 
are not specific for other serotypes. Hence, they bind to 
the virions but do not neutralize them, and instead 
increase their uptake by antigen presenting cells (tissue 
dendritic cells, monocytes, macrophages), Enhanced 
antigen presentation by these cells results in activation 
and proliferation of memory T cells, and release of 
cytokines that contribute to the pathogenesis of DHF/DSS. 


Endothelial cell dysfunction manifests as increased 
capillary permeability with microvascular leak, 
hemoconcentration and circulatory insufficiency. The 
transient nature of plasma leakage suggests that this might 
be mediated by a soluble mediator. Dengue viral infection 
is commonly associated with thrombocytopenia, due to 
molecular mimicry between dengue virus proteins 
(especially NS1) and endogenous self-proteins. There is 
activation of blood clotting and fibrinolytic pathways. 
Mild disseminated intravascular coagulation, liver injury 
and thrombocytopenia contribute to hemorrhage. Liver 
may show diffuse hepatitis with focal necrosis and 
steatosis; viral antigen may be detected on immuno- 
histochemistry. Central nervous system involvement is 
attributed to direct neurotropic effect of the virus. 


Clinical Manifestations 


Dengue infection has varying clinical presentations and 
often with unpredictable clinical evolution and outcome. 
Incubation period varies between 3 and 7 days. Infants 
and young children may present with an undifferentiated 
febrile illness. The classic presentation of dengue fever is 


usually seen in older children, adolescents and adults a 
can be described under three phases: Febrile, critica) ang 


recovery. 


Febrile phase: Characterized by sudden onset of high. 
grade fever that may last for 2-7 days, there is faci 
flushing, skin erythema, bodyache, myalgia, arthralgia 
headache, anorexia, nausea and vomiting. Occasionajy, 
the child may have sore throat, injected pharynx and 
conjunctival injection. A positive tourniquet test ang 
minor hemorrhagic manifestations (petechiae, mucosa] 
bleeding from nose and gums) may be seen in some 
patients. Liver may be enlarged and tender from 2to5 days 
and indicates risk for developing severe illness. There j. 
progressive decrease in total white cell count and platele 


count. 


Critical phase: During defervescence, 3—7 days from onset 
of fever, the patient may show bleeding and shock with 
fall in platelet count and increase in packed cell volume 
(PCV). Some children show organ dysfunction with severe 
hepatitis, encephalitis or myocarditis.and/or severe 
bleeding, even in the absence of plasma leakage or shock. 


Recovery phase: After 24-48 hours in critical phase, a 
gradual reabsorption of extravascular compartment fluid 
takes place in next 48-72 hours..The general well-being 
improves, appetite returns, gastrointestinal symptoms 
abate, hemodynamic status stabilizes and diuresis ensues. 
Some patients may have a rash of ‘isles of white in the sea 
of red.’ Others exhibit pruritus, bradycardia and 
electrocardiographic changes; respiratory distress due to 
pulmonary edema is uncommon. PCV stabilizes er may 
be lower due to dilution. While leukocyte counts rise after 
defervescence, recovery of thrombocytopenia may take 
longer. 


Unusual features: A few patients may present with 
persistent thrombocytopenia mimicking idiopathic 
thrombocytopenia, hemophagocytic lymphohistiocytos!s 
and an extended course of illness in form of multi-orga" 
dysfunction (extended dengue syndrome). Dengue 
immunocompromised children shows higher incidenct 
of organ dysfunction and longer time for platelet 
recovery, 


Differential Diagnosis 


Differential diagnosis includes other hemorrhagic fever, 
chikungunya infection, influenza, malaria, enteric fev" 
leptospirosis and less commonly meningococcemia 4" 
rickettsiosis. Malaria, leptospirosis, flu, enteric fever ™ 
chikungunya infections may be coinfected with denge 
The features of chikungunya infection are similat 
dengue. However, fever is of shorter duration, 4" 
thrombocytopenia and bleeding are less frequent. Patien 
with chikungunya often have skin eruptions, muce 
lesions, polyarthralgia and encephalopathy. 


Infections and Infestations 


Following clinical and laboratory features suggest 
presence of severe dengue infection: 
Clinical criteria: Acute onset high-grade fever, 
hemorrhagic manifestations (positive tourniquet test), 


tender hepatomegaly, effusion in body cavities and/ 
shock. 


Laboratory criteria: Thrombocytopenia (<100 000 cells per 


mm*; <1-2 platelets per oil immersion field), rising 
hematocrit 


Tourniquet test: This test is part of the WHO case 
definition for dengue, and a marker of capillary 
fragility. The test is done by inflating the blood pressure 
cuff to a point midway between the systolic and 
diastolic blood pressure for 5 minutes. The cuff is 
deflated and removed. After waiting for 2 minutes, the 
number of petechiae is counted in the antecubital fossa. 
The presence of 10 or more petechiae per 1 square inch 
indicates a positive finding. This finding is present in 
more than 50% of cases. 


Laboratory Investigations 


Children with severe dengue infection show increasing 
PCV and low platelet and leukocyte counts with 
lymphocyte predominance. A low leukocyte count in a 
child with febrile illness during the endemic season 
suggests possible dengue infection. While malaria and 
enteric fever may have low white cell counts, leukopenia 
is more severe in dengue. 

Blood levels of total protein and albumin are reduced, 
more marked in patients with shock. Levels of 
transaminases are raised; higher increase in SGOT than 
SGPT suggests dengue rather than other virus infection. 
Patients with severe dengue may show hyponatremia and 
acidosis, with increase in urea and creatinine. X-ray chest 
or ultrasound examination may show varying degrees of 
pleural effusion that is more common on the right, but 
occasionally bilateral. Ultrasound examination of 
abdomen may show ascites and enlarged gallbladder. 


Confirmation of diagnosis of dengue is established by the 
following: 


Direct methods: Virus isolation by culture; genome 
detection by PCR; NS1 antigen detection. 


Indirect methods: IgM detection; IgG detection. 


Virus isolation or PCR requires the sample to be 
obtained within the first 5 days of fever, is technically 
demanding, not universally available and hence of limited 
Practical use. NS1 antigen is a highly conserved 
glycoprotein of dengue virus and secreted during the 
initial phase of illness. It disappears as antibodies appear 
and hence declines as illness advances and in secondary 
dengue infections. The specificity is ~100% and sensitivity 
in the first 4 days of illness is 90% in primary dengue and 
70% in secondary dengue infection. 


Antibody determination needs careful interpretation. 
Following primary dengue infection, 80% patients show 
detectable IgM antibodies by day 5, 99% by day 10 that 
peak by day 14 and are undetectable by 2-3 months. IgG 
antibodies rise later, peak to levels lower than IgM, decline 
slowly and remain detectable at low levels for life. 
Diagnosis of primary dengue infection is thus based on 
elevated IgM antibodies. 


Management 


Undifferentiated fever: Patients have non-specific symp- 
toms. Treatment consists of paracetamol for fever and 
regular monitoring for development of any complications. 


Dengue infection without warning signs: Patients with 
fever, bodyache, rashes or minor bleeding may be treated 
symptomatically. Fever and bodyache are best treated 
with paracetamol. Salicylates and other non-steroidal, anti- 
inflammatory drugs should be avoided as these may 
predispose to mucosal bleeds. Child should be encouraged 
to drink plenty of fluids. In epidemic situations, the 
primary care physician or health worker should monitor 
for warning signs (see below) along with hematocrit (PCV) 
and platelet count, if possible. 


Dengue with warning signs: Children with suspected 
dengue infection who have any of the following need 
hospitalization: (i) abdominal pain or tenderness, 
(ii) persistent vomiting, (iii) clinical fluid accumulation, 
(iv) mucosal bleeding, (v) lethargy, restlessness, (vi) liver 
enlarged >2 cm, (vi) increase in PCV with concurrent or 
rapid decrease in platelet count. 

These patients should be admitted in hospital and need 
intravenous fluids. Crystalloids are the preferred fluids. 
In the hospital, all children without hypotension should 
be given Ringer lactate or normal saline infusion at a rate 
of 7 mL/kg over one hour. After one hour, if PCV has 
decreased and vital parameters are improving; fluid 
infusion rate should be decreased to 5 mL/kg over next 
hour and to 3 mL/kg/hour for 2448 hours with frequent 
morutoring of PCV and vital parameters. When the patient 
is stable as indicated by normal blood pressure, good oral 
intake and urine output, the child can be discharged 
(Fig. 11.9). 

If at 1 hour, the PCV is rising and vital parameters do 
not show improvement, the infusion rate is increased to 
10 mL/kg over next hour. In case of no improvement, fluid 
infusion rate may further be increased to 15 mL/kg in the 
3rd hour. If no improvement is observed in vital parameters 
and PCV at end of 3 hours, colloids are given at 10 mL/kg. 
Once PCV and vital parameters are stable, the infusion rate 
is gradually reduced and stopped over 2448 hours. 


Severe dengue: Children having any of the following: 
(i) Severe plasma leakage leading to shock or fluid 
accumulation with respiratory distress; (ii) Severe 
bleeding; (iii) Severe organ involvement: high AST, ALT 
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Fig. 11.9: Management of dengue fever with tisk factors 


>1000 U/L, impaired consciousness or involvement of 
heart and other organs. 

Children classified as severe dengue should be 
hospitalized (preferably in intensive care) and treated with 
normal saline or Ringer lactate; 10-20 mL/kg is infused 
over 1 hour or as bolus, if blood pressure is unrecordable 
(earlier known as dengue shock syndrome, DSS IV). In 
critically sick children, it is preferable to establish two IV 
lines, one for administration of normal saline and other 
for infusing 5% dextrose and potassium. If there is no 
improvement in vital parameters and PCV is rising, 
colloids 10 mL/kg are given rapidly. If PCV is falling 
without improvement in vital parameters, blood 
transfusion is recommended (Fig. 11.10). Once improve- 
ment begins, fluid infusion rate is gradually decreased. 

In addition to fluid management, oxygen should be 
administered to all patients with shock, 





Management of Bleeding 


Petechial spots or mild mucosal bleed, hemodynamically 
stable: Such patients need supportive care including bed 
rest, maintenance of hydration and monitoring. There is 
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Fig. 11.10; Management of severe dengue fever 


no role for use of prophylactic platelet rich plasma even 
with severe thrombocytopenia. Procedures predisposing 
to mucosal trauma and IM injections are avoided. 


Severe bleeding and hemodynamic instability, excessive 
mucosal bleed: These patients are treated with blood 
transfusions and monitoring. There is little evidence to 
support use of platelet concentrates and/or fresh-frozen 
plasma for severe bleeding. When massive bleeding 
cannot be managed with fresh whole blood/fresh-packed 
cells and there is possibility of DIC, combination of fresh 


frozen plasma and platelet concentrates should be 
considered. 


Management of Fluid Overload 


Stable hemodynamic status and out of critical phase 
(>24-48 hours of defervescence): Intravenous fluids are 
discontinued, but close monitoring should continue. Oral 
frusemide 0.1-0.5 mg/kg/dose once or twice daily o 
continuous infusion of furosemide 0.1 mg/kg/hour may 
be administered judiciously. 


Stable hemodynamic status but still within critical phas® 


_ ThelV fluids are reduced. Diuretics are, however, avoided, 


to prevent intravascular volume depletion. Patients with 





“a | 20 


infections and Infestations 
s crucial for the success of control 


fluid overload, shock and low PCV may have occult 
hemorrhage should receive careful fresh whole blood 
transfusion. Patients in shock and high PCV should receive 
repeated small boluses of colloids. 


Other supportive care: Organ dysfunction (liver, kidney) 
should be managed using standard guidelines. There 1s 
no role of therapy with corticosteroids, intravenous 
;mmunoglobulins or activated factor VII. Broad-spectrum 
antibiotics are indicated in case of superadded bacterial 
infection. Blood transfusion (20 mL/kg) is indicated when 
shock persists despite declining PCV (which indicates 
adequate fluid replacement). All children with 
hypotension should receive oxygen inhalation by nasal 
cannula/face mask or oxygen hood. 


Monitoring 


Monitoring of the patient is crucial in the first few hours 
of illness. Heart rate, respiratory rate, blood pressure and 
pulse pressure is monitored every 30 minutes till the 
patient is stable, then every 2—4 hours as long as the child 
is in the hospital. In critically ill children, central venous 
pressure and accurate urine output with an indwelling 
urinary catheter should be monitored. Absolute platelet 
counts should be checked once a day till there is a rising 
trend. 


Prognosis 


Dengue fever is a self-limited disease but mortality in 
severe dengue may be as high as 20-30%, if untreated. 
Early recognition of illness, careful monitoring and 
appropriate fluid therapy has resulted in considerable 
reduction of case fatality rate to <1%. Early recognition of 
shock is of paramount importance as the outcome of a 
patient with DSS depends on the duration of shock. If 
shock is identified when pulse pressure starts getting 
narrow and IV fluids are administered at this stage, the 
outcome is excellent. 


Prevention 


Preventive measures are directed towards elimination of 
adult mosquitoes and their larvae. During epidemics, 
aerial spraying / fogging with malathion is recommended 
for adult mosquitoes. Larval control measures by source 
reduction and use of larvicides are even more crucial. 
Mesocyclops, the shell fish are credited to eat and 
effectively eliminate larvae of Aedes. The strategy has been 
used with success by Australian scientists working in 
Vietnam by growing shell fish in ponds and water traps. 
A, aegypti breed in and around human dwellings and 
flourish in fresh water. Special drives must be launched 
during and soon after the rainy season to interrupt their 
breeding, There should be no stagnation of water in the 
bathroom, kitchen, terrace, lawn and other open places; 
Stored water should be covered. Cooperation from every 

Ouse owner, public establishment and the government 


a 


and its employees 1 7 
program. A live-attenuated quadruple vaccine has been 


approved for use in some countries between 9 and 45 years 
of age. 
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Chikungunya 


Chikungunya, an acute disease with fever, arthritis and 
skin rash, is caused by an enveloped RNA virus. Because 
of severe arthritic symptoms, the disease was given the 
Swahili name of chikungunya (that which bends up). 
Outbreaks of the disease have been reported from Tanzania, 
South Africa, India and Philippines. Chikungunya re- 
emerged in India during 2005-06, causing 1.3 million cases 
in 13 states, chiefly Andhra Pradesh and Karnataka. 


Epidemiology 


The rural cycle of chikungunya transmission involves 
Aedes africans, A. fancifer, and wild primates, while the 
urban cycle involves A. aegypti and humans. In rural cycle 
(seen in Africa), the disease is endemic with a small 
number of cases occurring in most years. In urban areas, 
the outbreaks are sporadic and explosive with infection 
of a large population within weeks. In Asia, the virus may 
be maintained in urban cycle, with A. aegypti or require 
reinoculation before onset of epidemic. Outbreaks occur 
during the rainy season, associated with the population 
density of the mosquito vector, which breeds in household 
containers and puddles with peak activity in mid-morning 
and late afternoon. After an epidemic, the disease wanes 


for years because a large proportion of the population is 
immune. 


Clinical Features 


The disease has sudden onset, with incubation period of 
2-12 days. Infection is characterized by fever, headache, 
fatigue, nausea, vomiting, rash and muscle and joint pain. 
Fever rises abruptly to 103-104°F and is accompanied by 
rigors that last for 2-3 days. Joint pain appears suddenly 
and is severe in intensity; the arthralgia and arthritis is 
polyarticular, migratory, and chiefly affects small joints 
of hands, wrist, ankle and feet with less involvement of 
larger joints. The joint pains may continue for months after 
the illness. Headache is present in 80% of cases in the acute 
Stage. Photophobia and retro-orbital pain may also occur. 
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An itchy, transient maculopapular rash appears 4-8 days 
later affecting the trunk and limbs. Inguinal lymph nodes 
may be enlarged. Fatalities are rare and associated with 
young age, shock and thrombocytopenia. Rarely 
encephalopathy may occur in infants and young children. 


Diagnosis 


Chikungunya should be suspected in patients who 
presents with the characteristic triad of fever, rash and 
arthritis. Viremia is present in most patients during the 
initial 2-4 days of disease and may be isolated in cell 
cultures. Polymerase chain reaction can be used to confirm 
the infection. Virus specific IgM antibodies may be 
detected by capture ELISA and hemagglutination 
inhibition assays by 5-7 days of illness. 


Treatment 


Symptomatic treatment in the form of rest, fluids, and 
ibuprofen, naproxen, acetaminophen, or paracetamol may 
relieve symptoms. Aspirin should be avoided during acute 
phase of illness. 


Prevention 


Strategies for control include breaking the transmission 
cycle of A. aegypti and by holding the mosquito population 
at extremely low levels. A live-attenuated vaccine, 
developed recently, which induces long-term production 
of neutralizing antibodies, is being examined. 


Suggested Reading 


e WHO. Chikungunya. http://www.who.int/mediacentre/ 
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HIV INFECTION, ACQUIRED 
IMMUNODEFICIENCY SYNDROME 


HIV infection has become an important contributor to 
childhood morbidity and mortality, especially in 
developing countries and has undone many of the major 
gains in child health. 


Epidemiology 


It is estimated that more than 36 million persons 
worldwide were living with HIV infection at the end of 
2016; 2.1million of these were children under 15 years of 
age. More than 90% of HIV-infected individuals live in 
developing nations. Sub-Saharan Africa accounts for 
nearly 90% of the world population of HIV-infected 
children. India and Thailand dominate the epidemic in 
Southeast Asia, with expansion into Vietnam, China, and 


Essential Pediatrics 


Cambodia. There has been considerable Progress jp 
improving access to antiretroviral therapy. Without ac che 
to such therapy, 20% of vertically infected children will 
progress to AIDS or death in their first year of life Mr 
more than half of HIV-infected children will die before 


their fifth birthday. 


HIV-1, HIV-2 

HIV-1 and HIV-2 are members of the Retroviridae family 
and belong to the Lentivirus genus. The HIV-1 genome jg 
single-stranded RNA that is 9.2 kb in size. The genome 
has three major sections: The gag region, which encodes 
the viral core proteins (p24, p17, p9, p6; these are derived 
from the precursor p55), the pol region, which encodes 
the viral enzymes (reverse transcriptase [p51], protease 
[p10], and integrase [p32]); and the env region, which 
encodes the viral envelope proteins (gp120 and gp41). The 
major external viral protein of HIV-1 is a heavily 
glycosylated gp120 protein which contains the binding 
site for the CD4 molecule, the most common T lymphocyte 
surface receptor for HIV. 

Following viral attachment, gp120 and the CD4 
molecules undergo conformational changes, allowing 
gp41 to interact with the fusion receptor on the cell surface. 
Viral fusion with the cell membrane allows entry of viral 
RNA into the cell cytoplasm. Viral DNA copies are then 
transcribed from the virion RNA through viral reverse 
transcriptase enzyme activity, and duplication of the DNA 
copies produces double-stranded circular DNA. Because 
the HIV-1 reverse transcriptase is error-prone, many 
mutations arise, creating wide genetic variation in HIV-1 
isolates even within an individual patient. The circular 
DNA is transported into the cell nucleus where it is 
integrated into chromosomal DNA; this is called as the 
provirus. The provirus can remain dormant for extended 
periods. HIV-1 transcription is followed by translation. A 
capsid polyprotein is cleaved to produce, among other 
products, the virus-specific protease (p10). This enzyme 
is critical for HIV-1 assembly. The RNA genome is then 
incorporated into the newly formed viral capsid. As the 
new virus is formed, it buds through the cell membrane 
and is released. 

HIV-2 is a rare cause of infection in children, more 
prevalent in western and southern Africa. If HIV-2 is 
suspected, a specific test that detects antibody to HIV-2 
peptides should be used. 


Transmission 


Transmission of HIV-1 occurs via sexual contact 
parenteral exposure to blood, or vertical transmission from 
mother to child. The primary route of infection in the 
pediatric population is vertical transmission. Most larg® 
studies in the United States and Europe have documenteé 
mother-to-child transmission rates in untreated women 
between 12 and 30%. In contrast, transmission rates " 
Africa and Asia are higher, up to 50%. 


infections and Infestations 


Vertical transmission of HIV can occur during the 
intrauterine or intrapartum periods, or through breast- 
feeding, Up te 30% of infected newborns are infected in 
ytero, The highest percentages of HIV-infected children 
acquire the virus intrapartum. Breastfeeding is an 
important route of transmission, especially in the 
developing countries. The risk factors for vertical 
transmission include preterm delivery (<34 weeks 
gestation), a low maternal antenatal CD4 count, use of 
illicit drugs during pregnancy, >4 hours duration of 
ruptured membranes and birth weight <2500 g. 


Transfusions of infected blood or blood products have 
accounted for a proportion of pediatric AIDS cases. Heat 
treatment of factor VIIl concentrate and HIV antibody 
screening of donors have virtually eliminated HIV 
transmission to children with hemophilia. Blood donor 
screening has dramatically reduced, but not eliminated, 
the risk of transfusion-associated HIV infection. Sexual 
contact is a major route of transmission in adolescents. 


Natural History 


Before highly active antiretroviral therapy (HAART) was 
available, three distinct patterns of disease were described 
in children. Approximately 10-20% of HIV-infected 
newborns in developed countries presented with a rapid 
disease course, with onset of AIDS and symptoms during 
the first few months of life; if untreated, these patients 
died from complications by + years of age. In resource- 
poor countries, >85°%o of the HIV-infected newborns may 
have such a rapidly progressing disease. 


It has been suggested that if intrauterine infection 
coincides with the period of rapid expansion of CD4 cells 
in the fetus, it could effectively infect the majority of the 
body’s immunocompetent cells. Most children in this 
group have a positive HIV-1 culture and/or detectable 
virus in the plasma in the first 48 hours of life. This early 
evidence of viral presence suggests that the newborn was 
infected in utero. In contrast to the viral load in adults, 
the viral load in infants stays high for at least the first 
2 years of life. 

Majority of perinatally infected newborns (60-80%) 
present with the second pattern: Slower progression of 
disease with a median survival of 6 years. Many patients 
in this group have a negative viral culture or PCR in the 
first week of life and are, therefore, considered to be 
infected intrapartum. In a typical patient, the viral load 
rapidly increases by 2-3 months of age, and then slowly 
over 24 months. The third pattern (i.e. long-term survivors) 
occurs in a small percentage (<5%) of perinatally infected 
children who have minimal or no progression of disease 
with relatively normal CD4 counts and very low viral 
loads for longer than 8 years. 

HIV-infected children have changes in the immune 
System that are similar to those in HIV-infected adults. 
CD4 cell depletion may be less dramatic because infants 


normally have a relative lymphocytosis. Therefore, for 
example, a value of 1500 CD4 cells/mm? in children 
<1 year of age is indicative of severe CD4 depletion and 
is comparable to <200 CD4 cells/mm? in adults. 
Lymphopenia is relatively rare in perinatally infected 
children and is usually only seen in older children or those 
with end-stage disease. 

B cell activation occurs in most children, as evidenced 
by hypergammaglobulinemia with high levels of anti- 
HIV-1 antibody. This response may reflect both 
dysregulation of T cell suppression of B-cell antibody 
synthesis and active CD4 enhancement of B lymphocyte 
humoral responses. 

CD4 depletion and inadequate antibody responses lead 
to increased susceptibility to various infections and clinical 
features vary with the severity of immunodeficiency. 


Clinical Features 


The clinical manifestations of HIV infection vary widely 
among infants, children and adolescents. In most infants, 
physical examination at birth is normal. Initial signs and 
symptoms may be subtle and non-specific, such as 
lymphadenopathy, hepatosplenomegaly, failure to thrive, 
chronic or recurrent diarrhea, interstitial pneumonia or 
oral thrush and may be distinguishable from other causes 
only by their persistence. While systemic and pulmonary 
findings are common in the United States and Europe, 
chronic diarrhea, wasting, and severe malnutrition 
predominate in Africa. Symptoms more common in 
children than adults include recurrent bacterial infections, 
chronic parotid swelling, lymphocytic interstitial 
pneumonitis (LIP), and early onset of progressive 
neurologic deterioration. 

Pediatric HIV disease is staged using two parameters: 
Clinical status (Table 11.3) and degree of immunologic 
impairment (Table 11.4). 


Opportunistic Infections 


Children with HIV infection and advanced or severe 
immunosuppression are susceptible to develop various 
opportunistic infections. The important pathogens 
include: Pneumocystis jirovecit, Cryptosporidium, Crypto- 
coccus, Isospora and CMV. 


Respiratory Diseases Complicating HIV Infection 


P. jirovecii (previously P. carinii) pneumonia is the 
opportunistic infection that led to the initial description 
of AIDS. This is one of the commonest AIDS defining 
illnesses in children in the US and Europe; most cases 
occur between 3rd and 6th months of life. Even if a child 
develops the illness while on prophylaxis, therapy may 
be started with cotrimoxazole. With the use of appropriate 
therapy, the mortality decreases to less than 10%. Risk 
factors for mortality are severity of the episode and 
severity of the immunosuppression. 
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Table 11.3: WHO clinical staging of HiV/ AIDS for children with confirmed HIV Infection 


Clinical stage 1 


Asymptomatic 
Persistent generalized lymphadenopathy 


Clinical stage 2 


Unexplained® persistent hepatosplenomegaly 
Papular pruritic eruptions 

Fungal nail infection 

Angular cheilitis 

Lineal gingival erythema 

Extensive wart virus infection 

Extensive molluscum contagiosum 

Recurrent oral ulceration 

Unexplained? persistent parotid enlargement 
Herpes zoster 

Recurrent or chronic upper respiratory tract infections (otitis media, otorrhea, sinusitis, tonsillitis) 
Clinical stage 3 


Unexplained? moderate malnutrition or wasting not adequately responding to standard therapy 
Unexplained? persistent diarrhea (14 days or more) 

Unexplained? persistent fever (above 37.5°C intermittent or constant, for longer than one month) 
Persistent oral candidiasis (after the first 6-8 weeks of life) 

Oral hairy leukoplakia 

Acute necrotizing ulcerative gingivitis/periodontitis 

Lymph node TB 

Pulmonary TB 

Severe recurrent bacterial pneumonia 

Symptomatic lymphoid interstitial pneumonitis 

Chronic HIV-associated lung disease including bronchiectasis 

Unexplained anemia (<8 g/dL), neutropenia (<0.5 x 10%/L) or chronic thrombocytopenia (<50 x 109/L) 


Clinical stage 4° 


Unexplained severe wasting, stunting or severe malnutrition not responding to standard therapy 
Pneumocystis pneumonia 

Recurrent severe bacterial infections (empyema, pyomyositis, bone, joint infection, meningitis; excluding pneumonia) 
Chronic herpes simplex infection (orolabial or cutaneous for >1 month duration; visceral at any site) 
Esophageal candidiasis (or candidiasis of trachea, bronchi or lungs) 

Extrapulmonary/disseminated TB 

Kaposi sarcoma 

Cytomegalovirus infection (retinitis or CMV infection affecting another organ, with onset at age >1 month) 
Central nervous system toxoplasmosis (after one month of life) 

Extrapulmonary cryptococcosis (including meningitis) 

HIV encephalopathy 

Disseminated endemic mycosis (extrapulmonary histoplasmosis, coccidioidomycosis) 

Disseminated non-tuberculous mycobacterial infection 

Chronic cryptosporidiosis (with diarrhea) 

Chronic isosporiasis 

Cerebral or B cell non-Hodgkin lymphoma 

Progressive multifocal leukoencephalopathy 

Symptomatic HIV (associated nephropathy or cardiomyopathy) 





"Unexplained refers to where the condition Is not explained by other causes 


"Additional specific conditions may be Included In the regional classifications (e.g. reactivation of American trypanosomiasis meningoencephallts 
and/or myocarditis in Americas region, penicilliosis in Asia and HIV-assoclated rectovaginal fistula In Africa) 
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_ Table 11.4: Classification of immune suppression in children (CD4 levels In relation to severity of immune suppression) 7? 


HIV-associated Age-related CD4 cell values 

immunodeficiency <11 months 12-35 months 36-59 months >5 years 

Not significant >35% >30% >25% >500 cells/mm? 
(normal CD4 cells) 

Mild 30-35% 25-30% 20-25% 350—499 cells/mm? 
Advanced 25-30% 20-25% 15-20% 200-349 cells/mm? 
Severe <25% <20% <15% <15% 


<1500 cells/mm? <750 cells/mm? <350 cells/mm? 


Recurrent bacterial pneumonia may be present in up to 90% 
HIV-infected children. Initial episodes often occur before 
the development of significant immunosuppression. As 
the immunosuppression increases the frequency increases. 
The common pathogens for community-acquired 
pneumonia are S. pneumoniae, H. influenzae and S. aureus. 
In children with severe immunosuppression and hospital- 
acquired infections, gram-negative organisms, such as, 
Pseudomonas aeruginosa gain importance. Clinical features 
in HIV-infected children are similar to those in other 
children. However, in severely immunocompromised 
children, the signs may be subtle. Often, the response to 
therapy is slow and the relapse rates are high. Bacteremia 
may be more common, seen in up to 50%. 

Choice of antibiotics is based on local patterns of 
etiologies and susceptibilities. An appropriate choice is 
the combination of a broad-spectrum cephalosporin and 
an aminoglycoside. In areas with large proportion of 
MRSA, vancomycin, clindamycin, linezolid or other drugs 
may be used. Children with non-severe pneumonia can 
be managed as out-patients using a second or a third 
generation cephalosporin or coamoxiclav. Since P. jirovecit 
pneumonia cannot be excluded in most children with 
severe respiratory symptoms, cotrimoxazole is also used 
unless another diagnosis has been made. 


Tuberculosis is a common medical concern. Co-existent TB 
and HIV infections accelerate the progression of both 
diseases. HIV-infected children are more likely to have 
extrapulmonary and disseminated tuberculosis; the course 
is also likely to be more rapid. The overall risk of active TB 
in children infected with HIV is at least 5- to 10-fold higher 
than in children not infected with HIV. The duration of 
antitubercular therapy in patients is same as that for not- 
HIV infected: a few children may need prolongation of 
treatment to 9-12 months. Close follow-up is essential to 
diagnose non-response or drug resistance. Rifampicin may 
show drug interactions with some antiretroviral agents 
(nevirapine, protease inhibitors). 


Viral infections, chiefly respiratory syncytial Virus, 
influenza and parainfluenza viruses, often result in 
symptomatic disease. Infections with adenovirus and 
Measles virus might result in serious sequelae. 
Disseminated CMV is a known opportunistic infection, 
but pneumonia caused by the virus is rare- 


200 cells/mm? 


Fungal infections present as a part of disseminated disease 
in immunocompromised children. Primary pulmonary 
fungal infections are uncommon. 


Lymphoid interstitial pneumonitis (LIP) has been recognized 
as a distinctive marker for pediatric HIV infection and is 
considered in the criteria for AIDS in children. In absence 
of antiretroviral therapy, nearly 20% of HIV-infected 
children developed LIP. The etiology and pathogenesis 
of LIP are not well understood, but include: Exaggerated 
immune response to inhaled or circulating antigens, and/ 
or primary infection of the lung with HIV, Epstein-Barr 
virus (EBV), or both. LIP is characterized by nodule 
formation and diffuse infiltration of the alveolar septa by 
lymphocytes, plasmacytoid lymphocytes, plasma cells and 
immunoblasts. There is no involvement of the blood 
vessels or destruction of the lung tissue. Children with 
LIP have a relatively good prognosis. 

LIP is usually diagnosed in children with perinatally 
acquired HIV infection when they are older than 1 year of 
age. Most children with LIP are asymptomatic. Tachypnea, 
cough, wheezing and hypoxemia are in children with 
severe features; crepitations are uncommon. Clubbing is 
present in advanced disease. These patients can progress 
to chronic respiratory failure. Long-standing LIP may be 
associated with bronchiectasis. The presence of a 
reticulonodular pattern, with or without hilar 
lymphadenopathy, that persists on chest radiograph for 
2 months or greater and that is unresponsive to 
antimicrobial therapy is considered presumptive evidence 
of LIP. A definitive diagnosis is made by histopathology. 

Early disease is managed conservatively. The effect of 
antiretroviral agents is limited. Steroids are indicated, if 
children with LIP have symptoms and signs of chronic 
pulmonary disease, clubbing and/or hypoxemia. 
Treatment includes an initial 4- to 12-week course of 
prednisolone (2 mg/kg/d) followed by tapering to low 
dose medication, using oxygen saturation and clinical state 
as guide to improvement. 


Gastrointestinal Diseases 


Multiple microbes can cause gastrointestinal disease, 
including bacteria (Salmonella, Campylobacter, Mycobacterium 
avium intracellulare complex), protozoa (Giardia, Isospora, 
Cryptosporidium, microsporidia), viruses (CMV, HSV, 
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rotavirus) and fungi (Candida). Protozoal infections are 
severe and can be protracted in children. Children with 
Cryptosporidium infestation can have severe diarrhea 
leading to hypovolemic shock. AIDS enteropathy, a 
syndrome of malabsorption with partial villous atrophy 
not associated with specific pathogens, is the result of 
direct HIV infection of the gut. 

Chronic liver inflammation is relatively common in 
HIV- infected children. In some children, hepatitis caused 
by CMV, hepatitis B or C viruses, or MAC may lead to 
liver failure and portal hypertension. It is important to 
recognize that several of the antiretroviral drugs such as 
didanosine, and protease inhibitors may also cause 
reversible elevation of transaminases. 

Pancreatitis is uncommon in HIV-infected children. 
This may be the result of drug therapy, e.g. didanosine, 
lamivudine, nevirapine, or pentamidine. Rarely, opportu- 
nistic infections, such as MAC or CMV, may be responsible 
for acute pancreatitis. 


Neurologic Diseases 


The incidence of central nervous system (CNS) involve- 
ment in perinatally infected children may be more than 
50% in developing countries but lower in developed 
countries, with a median onset at about one and a half 
years of age. The most common presentation is progressive 
encephalopathy with loss or plateau of developmental 
milestones, cognitive deterioration, impaired brain growth 
resulting in acquired microcephaly, and symmetric motor 
dysfunction. CNS infections: Meningitis due to bacterial 
pathogens, fungi such as Cryptococciis and a number of 
viruses may be responsible for the clinical features. CNS 
toxoplasmosis is exceedingly rare in young infants, but 
may occur in HIV-infected adolescents; the overwhelming 
majority has serum IgG antitoxoplasma antibodies. 


Cordiovasculor Invovement 


Cardiac abnormalities in HIV-infected children are 
common, persistent, and often progressive; the majority 
is subclinical. Left ventricular structure and function 
progressively may deteriorate in the first 3 years of life, 
resulting in subsequent persistent cardiac dysfunction and 
increased left ventricular mass. Children with encephalo- 
pathy or other AIDS-defining conditions have the highest 
rate of adverse cardiac outcomes. Resting sinus tachy- 
cardia has been reported in up to nearly two-thirds and 
marked sinus arrhythmia in one-fifth of HIV-infected 
children. Gallop rhythm with tachypnea and hepato- 
splenomegaly appear to be the best clinical indicators of 
congestive heart failure; anticongestive therapy is 
generally very effective, especially when initiated early. 


Renal Invovement 


Nephropathy is an unusual presenting symptom of HIV 
infection, more commonly occurring in older symptomatic 
children, Nephrotic syndrome is the most common 


manifestation; polyuria, oliguria, and hematuria have also 
been observed. Hypertension is unusual. 


Diagnosis 

All infants born to HIV-infected mothers test antibody. 
positive at birth because of passive transfer of maternay 
HIV antibody across the placenta. Most uninfected infants 
lose maternal antibody between 6 and 12 months of age 
As a small proportion of uninfected infants continue to 
have maternal HIV antibody in the blood up to 18 months 
of age, positive IgG antibody tests cannot be used to make 
a diagnosis of HIV infection in infants up to this age. In 
children >18 months old, demonstration of IgG antibody 
to HIV by a two or three reactive enzyme immunoassay 
(EIA) and confirmatory test (e.g. Western blot or 
immunofluorescence assay) can establish the diagnosis of 
HIV infection. While serologic tests were commonly used 
in the past, tests that allow for earlier definitive diagnosis 
have replaced antibody assays as the tests of choice for 
the diagnosis of HIV infection in infants. 

Specific diagnostic assays, such as HIV proviral DNA 
or RNA PCR, HIV culture, or HIV p24 antigen are useful 
for diagnosis of young infants born to HIV-infected 
mothers (Fig. 11.11). By 6 months of age, the HIV culture 
and/or PCR identifies all infected infants, who are not 
having continued exposure due to breastfeeding. HIV 
RNA PCR is the preferred virological assay in developed 
countries. HIV culture has similar sensitivity to HIV RNA 
PCR; however, it is more technically complex and 
expensive, and results are often not available for 2+ 
weeks. The p24 antigen assay is less sensitive than the 
other virological tests. Fig. 11.11 shows the algorithm for 
diagnosis of HIV infection in infants. The national pregram 
(Early Infant Diagnosis) now uses HIV total nucleic acid 
(RNA + proviral DNA) PCR test on dried blood spot 
samples; positive tests need confirmation with HIV PCR 
test on another sample. 


Management 


The management of HIV-infected child includes 
antiretroviral therapy, prophylaxis and treatment 0 
opportunistic and common infections, adequate nutrition 
and immunization. Decisions about antiretroviral therapy 
(ART) for HIV-infected patients were earlier based on the 
magnitude of viral replication (i.e. viral load), cD 
lymphocyte count or percentage and clinical condition: 
The current World Health Organization guideline 
recommend ART for all children irrespective of thé 
immunologic or clinical stage. 

Availability of antiretroviral therapy has transformed 
HIV infection froma uniformly fatal condition to a chr omc 
infection, where children can lead a near normal life. 
Current therapy does not eradicate the virus and cure ae 
child; it rather suppresses the virus replication ee 
extended periods of time. The three main groups of cate 
are nucleoside reverse transcriptase inhibitors (NR 
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Both nevirapine and zidovudine 
classified as high-risk infant 
Cotrimoxazole at 4-6 weeks of age 


Negative 
Continue cotrimoxazole; 
nevirapine at 6 weeks 









stop 





Negative 
















Continue cotrimoxazole; _ 
start antiretroviral therapy; 
continue breastfeeding 


RepeatHIV-1PCR(DBS) 
at 6 months or earlier, if the child 
is symptomatic 


Positive Negative 


Cotrimoxazole till HIV is excluded 
breastfeeding till 1 year followed 
by gradual stoppage over 1 month 






| -1 PCR 
Pwesks after cessation of breast milk feeding or 
if the child develops symptoms of HIV infection 


Establish definitive diagnosis at 18 months, by HIV antibody tests (3 rapid tests) 


*Following infants are at higher risk of acquiring infection: 

Mothers receiving <4 weeks of antiretroviral therapy at the time of delivery 

Mothers having high viral load (RNA >1000 copies/mL) within 4 weeks before delivery 
Mothers acquiring infection during pregnancy or breastfeeding 

Mother first identified during postpartum period with or without a negative HIV test prenatally 


Fig. 11.11: HIV diagnosis In children <18 months with DNA-PCR. DBS dried blood spot 


non-nucleoside reverse transcriptase inhibitors (NNRTT) 
and protease inhibitors (PI). Highly active antiretroviral 
therapy (HAART) is a combination of 2 NRTI with a PI or 
an NNRTI. The National Program for management of 
HIV-infected children recommends combination of 
zidovudine or abacavir + lamivudine + efavirenz as first-line 
therapy; for children less than 3 years of age, a protease 
inhibitor is used instead of NNRTI (Table 11.5). Pediatric 
fixed dose combinations (FDC) have also been developed. 


Cotrimoxazole Prophylaxis 


In resource-limited settings, cotrimoxazole prophylaxis 
is recommended for all HIV-exposed infants starting at 
4-6 weeks of age (or at first encounter with the health care 
System) and continued until HIV infection can be excluded. 
Cotrimoxazole is recommended for HIV-exposed 
breastfeeding children of all ages; prophylaxis should be 
continued until HIV infection is excluded by antibody 
testing (beyond 18 months of age) or virological testing 
(before 18 months of age), at least 6 weeks after cessation 
of breastfeeding. 


All infants documented to be living with HIV should 
receive cotrimoxazole prophylaxis regardless of symptoms 
or CD4 percentage. After one year of age, cotrimoxazole 
prophylaxis is given to symptomatic children (WHO clinical 
stages 2,3 or 4 for HIV disease) or children with CD4 <25%. 
All children who begin cotrimoxazole prophylaxis 
(irrespective of age) should continue until the age of 5 years, 
when they can be reassessed. 


Isoniazid Prophylaxis 


Current NACO guidelines recommend administration of 
isoniazid prophylaxis to all HIV-infected children who do 
not have evidence of active tuberculosis. 


Nutritlon 

HIV-infected children often show failure to thrive and 
require nutritional rehabilitation. 

Immunization 


Vaccines recommended in the national schedule can be 
administered to HIV-infected children, except that 
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Drug 


Table 11.5: ‘Commonly used antiretroviral drugs 


Dose 


Nucleoside reverse transcriptase inhibitors 


Abacavir 


Didanosine 


Lamivudine (3TC) 


Zalcitabine 


Zidovudine 


3 months—-13 yr: 8 mg/kg/ dose q 12 hr 
>13 yr: 300 mg/dose q12 hr (max: 300 mg/dose) 


0-3 months: 50 mg/ m?/ dose q 12 hr 

3 months-13 yr: 90-150 mg/m? q 12 hr (max: 200 mg/dose) 
>13 yr; <60 kg: 125 mg q 12 hr 

>13 yr; >60 kg: 200 mg q 12 hr 


1 month-13 yr: 4 mg/kg q 12 hr 
>13 yr; <50 kg: 4 mg/kg/dose gq 12 hr 
>13 yr; >50 kg: 150 mg/kg/dose gq 12 hr 


<13 yr: 0.01 mg/kg/dose q 8 hr 
>13 yr: 0.75 mg q 8hr 


Neonates: 2 mg/kg q 6 hr 
3 months—13 yr: 90-180 mg/m? q 6-8 hr 


Non-nucleoside reverse transcriptase inhibitors 


Nevirapine (NVP) 


Efavirenz 


Protease Inhibitors 
Amprenavir 


Indinavir 
Lopinavir/ ritonavir 





Nelfinavir 
Ritonavir 


Saquinavir 


symptomatic HIV-infected children should not be given 


OPV and BCG. 


Prevention of Mother-to-Child Transmission (MTCT) 


The risk of MTCT can be reduced to under 2% by 
interventions that include antiretroviral therapy given to 
women during pregnancy and labor and antiretroviral 
prophylaxis to the infant in the first week of life, obstetrical 
interventions including elective cesarean delivery (prior 


2 months—13 yr: 120 mg/m? (max: 200 mg) g 24 hr for 
14 days; follow by 120-200 mg/m? g 12 hr 

>13 yr: 200 mg q 24 hr for 14 days; increase to 

200 mg q 12 hr, if no rash or other side effects 

>3 yr: 10-15 kg: 200 mg gq 24 hr 

15-20 kg: 250 mg q 24 hr; 20-25 kg: 300 mg q 24 hr 
25-32.5 kg: 350 mg q 24 hr; 32.5—40 kg: 400 mg q 24 hr 
>40 kg: 600 mg g 24 hr 


4—16 yr and <50 kg: 22.5 mg/kg q 12 hr (oral solution); 

20 mg/kg q 12 hr (capsules) 

>13 yr and >50 kg: 1200 mg q 12 hr (capsules) 

500 mg/m? g8 hr; >13 yr: 800 mg 8 hr 

7-15 kg: 12 mg/kg lopinavir; 3 mg/kg ritonavir q 12 hr with 
15—40 kg: 10 mg/kg lopinavir; 2.5 mg/kg ritonavir g 12 hr 
food >12 yr: 400 mg lopinavir; 100 mg ritonavir q 12 hr 
<13 yr: 50-55 mg/kg g 12 hr 

>13 yr: 1250 mg q 12 hr (max: 2000 mg) 

<13 yr: 350-400 mg/m? q 12 hr (start dose: 250 mg/m*) 
>13 yr: 600 mg q 12 hr (start dose: 300 mg) 


50 mg/kg gq 8 hr 
>13 yr: 1200 mg g 8 hr soft gel capsules 


to the onset of labor and rupture of membranes), 
complete avoidance of breastfeeding. 


Side effects 
Hypersensitivity 


Peripheral neuropathy, pancreatitis, pain 
abdomen, diarrhea 


Pancreatitis, neuropathy, neutropenia 


Rash, peripheral neuropathy, pancreatitis 


Anemia, myopathy 


Skin rash, Steven Johnson syndrome 


Skin rash, CNS symptoms, increassd 
transaminase levels 


Hyperbilirubinemia, stones 
Diarrhea, fatigue, headache, nausea: 


increased cholesterol and triglycerices 
Diarrhea, abdominal pain 
Bad taste, vomiting, nausea, diarrhea, 


rarely, hepatitis 
Diarrhea, headache, skin rash 


and 


Antiretroviral Drug Regimens for Pregnant Women 


For all HIV-infected pregnant women, ant 
therapy is indicated. The recommended regime 
combination of zidovudine (AZT), lamivudine (3TC 
nevirapine (NVP) or efavirenz (EFV) during an 
intrapartum and postpartum period; EFV-based reg 
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n is 4 
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should not be newly-initiated during the first trimester of 


echt . The ART regimen should be started as early 
as possible. 


Antiretroviral Regimens for Infants Born to 
yIV-Infected Mothers 


If mother received triple drug ART during pregnancy and 
entire breastfeeding, the infant should receive daily AZT 
or NVP from birth until 6 weeks of age (irrespective of 
feeding). 


Intrapartum Interventions 


Artificial rupture of membranes should be avoided, unless 
medically indicated. Delivery should be by elective 
cesarean section at 38 weeks before onset of labor and 
rupture of membranes. Procedures increasing exposure 
of child to maternal blood should be avoided. 


Breastfeeding 


The risk of HIV infection via breastfeeding is highest in 
the early months of breastfeeding. Factors that increase 
likelihood of transmission include detectable levels of HIV 
in breast milk, presence of mastitis and low maternal CD4+ 
T cell count. Exclusive breastfeeding has been reported to 
carry a lower risk of HIV transmission than mixed feeding 
and risk of mortality in non-breastfed infants in resource 
limited settings is increased. Currently, exclusive 
breastfeeding is recommended during the first months of 
life. WHO recommends that the transition between 
exclusive breastfeeding and early cessation of 
breastfeeding should be gradual and not an “early and 
abrupt cessation”. 
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of antiretroviral drugs for treating and preventing HIV infection, 
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NACO. Pediatric antiretroviral therapy guidelines, 2013 http:// 
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Influenza 


The influenza virus is capable of causing disease in 
humans, birds and animals. Influenza has recently gained 
More prominence owing to the 2009 novel H1IN1 
Pandemic. 


Epidemiology 


The influenza virus is an RNA virus of the Orthomyxo- 
Viridae family. Influenza A and B are the two types that 
cause human disease. Influenza A is further classified into 
Subtypes based on the two surface proteins—hemagglutinin 
H) and neuraminidase (N). Influenza B is classified into 
two distinct lineages—Yamagata and Victoria but not into 
Subtypes. Influenza has a highly segmented genome that 
18 prone to frequent mutations and reassortment. This 


leads to frequent antigenic “drifts” (seen in both A and B) 
when there is minor change in antigenicity and “shifts” 
(seen only in A) where there is major change in 
antigenicity. The phenomena of antigenic change lead to 
evolution of new viruses, which result in annual outbreaks 
and occasionally pandemics. The novel H1N1 pandemic 
occurred due to emergence of anew swine origin influenza 
virus H1N1 which was pathogenic to humans and capable 
of rapid human-to-human transmission and to which there 
was no pre-existing immunity. It is estimated that the 
novel H1N1 pandemic between 2009 and 2010 caused 
18,000 deaths globally (2000 in India) with case fatality 
rates ranging from 0.0004% to 1.5% (0.83% in India). The 
pandemic strain then became endemic and caused another 
epidemic in 2015 in India with 30000 cases and 2000 
deaths. The currently circulating influenza virus strains 
are H3N2, pandemic H1N1 and influenza B. 

Avian H5N1 commonly referred as bird flu is a highly 
pathogenic strain of influenza virus that infects and kills 
humans in close contact with diseased birds but has not 
acquired pandemic potential due to limited human-to- 
human transmissibility. 

Influenza is transmitted from person to person through 
airborne droplet spread or through contact. The portal of 
entry is the respiratory tract and the virus attaches itself 
to the respiratory epithelium through hemagglutinin, the 
main virulence factor. The incubation period is 1-3 days 
and the period of infectivity is usually 7 days after illness 
onset and sometimes longer in those with severe disease. 
The attack rates are highest in children and young adults. 
In temperate climates, there is a clear defined influenza 
season in fall and winters, but in tropical countries like 


India, it occurs throughout the year with peak during the 
monsoons. 


Clinical Features 


In most individuals, influenza is a minor illness charac- 
terized by a combination of fever, runny nose, sore throat, 
cough, body ache, headache, abdominal pain, diarrhea and 
vomiting. The illness may have a biphasic course. 
Recovery usually occurs within a week. It is sometimes 
difficult to differentiate from common cold. Asymptomatic 
and subclinical infections are also very common. 

A small proportion of individuals (less than 1%) can 
have complications and severe disease. The risk of 
complications is higher at extremes of age (children below 
2 and the elderly), pregnant women and those who have 
just delivered, those with underlying comorbidities such 
as any chronic neurologic/metabolic/cardiac/ 
pulmonary/renal disease, those who are immuno- 
compromised and those with severe asthma. In the novel 
H1N1 epidemic, the elderly were spared due to pre- 
existent immunity and morbid obesity emerged as an 
important risk factor. 

The most dreaded complication of influenza is 
pneumonia with acute respiratory distress syndrome, 
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respiratory failure and sometimes shock and renal failure. 
As many as 30% of these patients have bacterial coinfection 
with S. pneumoniae and S. aureus. Progression is very rapid 
and most patients require ventilator support over the next 
24 hours. Occasionally, other complications such as 
encephalitis, seizures, quadriparesis and myocarditis have 
been reported. Complications usually set in by day 4 or 5 
of illness. The red flag symptoms are persistent high fever 
of more than 3 days duration, reappearance of fever after 
initial defervescence, breathlessness, dyspnea, tachypnea, 
hemoptysis in older children and adolescents, extreme 
weakness, poor oral intake and altered sensorium. 


Diagnosis 


Influenza is primarily a clinical diagnosis. The complete 
blood count may show leukopenia and thrombocytopenia. 
Diagnosis is confirmed by antigen detection or PCR on 
throat or nasopharyngeal swabs. PCR-based tests are fairly 
sensitive and very specific but are of limited use in routine 
clinical practice. Specific therapy may thus begin before 
results become available. If the test is negative, therapy 
cannot be discontinued as sensitivity is only 60-70% and 
even lower, if the sample is not properly collected. 
Molecular diagnosis of influenza should be restricted to 
hospitalized patients with severe disease when a definitive 
diagnosis helps in tracking the severity of the outbreak. 

Since the symptoms and lab findings of severe flu 
overlap those of other infections such as malaria, dengue, 
enteric fever, viral hepatitis and leptospirosis, it is 
important to conduct appropriate laboratory tests to 
exclude these illnesses. 


Ireatment 

Definitive treatment of influenza is with M2 inhibitors 
(amantadine, rimantidine) or neuraminidase inhibitor 
drugs (oseltamivir, zanamivir). The duration of therapy is 
5 days. These drugs reduce duration of symptoms, risk of 
complications and death. Though they are most effective, if 
given within first 48 hours, they are useful even if given 
later. The pandemic H1N1 strain and most current seasonal 
flu strains are resistant to the M2 inhibitors. Oseltamivir is 
the first-line drug and zanamivir is used in those with 
oseltamivir-resistant virus. Oseltamivir is well tolerated 
with occasional GI and neurological side effects. 

For any patient presenting with influenza-like illness, 
the treatment strategy depends on two factors: The 
severity of illness and the likelihood of complications. In 
patients with mild disease who are not at risk for 
complications, only symptomatic treatment is indicated. 
Antibiotics and antivirals should not be prescribed. 
Patients should be counselled about the red flag signs and 
asked to seek medical care in the event these occur. These 
patients should be asked to stay at home till they are 
afebrile to prevent disease transmission to others. Patients 
who are at high risk for complications should be started 
on antiviral therapy irrespective of the severity of disease. 
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For patients who present with symptoms of soy, 
illness or who have complications, antiviral treatment With 
oseltamivir should be started without delay, An effon 
should be made to rule out other illnesses with Simily, 
symptomatology. In patients with SIBNS Of lowe, 
respiratory involvement, antibiotics like coamoxyclay Fe 
cephalosporins (cefuroxime, ceftriaxone or cefpodoximg 
should be used as bacterial coinfections are common, 


Prevention 
Vaccination is the most effective preventive strategy ang 
is discussed further in Chapter 10. Chemoprophylayi, 
with oseltamivir is also effective in preventing influenza 
butis not routinely recommended due to risk of resistance, 
Household transmission can be reduced by good 
ventilation in the room, proper hand hygiene and 
adherence to cough etiquettes by the index case, Schoo! 
children show one of the highest infection rates and 
outbreaks are common in school. For reducing 
transmission in schools, the classrooms should be kept 
well ventilated, children should be trained in hand 
hygiene and cough etiquettes and sick children should be 
prohibited from attending school till they are afebrile. 
Temporary school closure may be considered during a 
massive pandemic. In order to prevent nosocomial 
transmission, standard infection control precautions 
including droplet isolation and routine immunization of 
health care workers are recommended. 
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Zika Virus 


Zika is an RNA flavivirus closely related to the dengue 
and chikungunya viruses which has recently assumed 
prominence due to its association with newborn 
microcephaly. 


Epidemiology 


The virus was first identified in a rhesus monkey in the 
Zika forest of Uganda in 1947 with only 13 human cases 
diagnosed till 2007. Since then, large outbreaks havé 
happened in the Pacific islands of Micronesia, Fren 
Polynesia and New Caledonia. A very large outbreak Ww 
reported in Brazil in 2015 with almost a million cases. The 
virus has since spread worldwide including Asia. Thé 
WHO has declared it as a public health emergency ° 
International Concern. No cases have been reported 
India as yet; but India is at high risk for introduction ° 
the virus due to presence of the Aedes aegypti mosquito: 

The virus is transmitted primarily by the bite of Aedes 
aegypti. Other routes of transmission include verti 
transmission from mother to child, sexual and possibly 
through blood transfusion. 


infections and Infestations 


Clinicol Features and Complications 


Many infections are asymptomatic. Clinical disease is 
characterized by low grade fever with arthralgia, myalgia, 
rash, conjunctivitis and lymphadenopathy. Sympto- 
matology resembles dengue and chikungunya except that 
rash and conjunctivitis are more prominent than the other 
two illnesses. 

There are two major complications of zika infection. 
The first is acute neurologic syndromes such as Guillain- 
Barre syndrome, myelitis and meningoencephalitis. 
However, more importantly are the teratogenic effects 
with an incidence of 30% in some cohort studies in Brazil. 
Infections in the first trimester and sometimes in the 
second trimester are associated with abortions, 
intrauterine deaths and stillbirths, microcephaly (13%) and 
ocular abnormalities. 


Diagnosis 


Diagnosis in the first seven days is by performing an RT 
PCR in blood and after seven days is by IgM MAC ELISA. 
ELISA can demonstrate cross-reactivity with other 
flaviviruses. 


Treatment 


There is no specific treatment and care is symptomatic 
and supportive. Prevention revolves around avoiding 
travel to zika-afflicted areas especially by pregnant 
women, and vector control. Candidate vaccines are in 
development. 
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Ebola Virus 


The Ebola virus is an RNA virus belonging to the family 
Filoviridae first described in 1976 near the Ebola river in 
Democratic Republic of Congo. Several outbreaks of 
hemorrhagic fever have been reported with high mortality. 


Epidemiology 


The Old World Fruit Bat is the natural reservoir of Ebola 
Virus. Infection is transmitted to wild or farm animals 
(chimpanzees, pigs, monkeys) and humans through direct 
contact with bats or consumption of plants/products 
contaminated with bat feces or body fluids. Humans can 
also be infected by direct contact with infected animals or 
handling or consuming meat of infected animals. Human- 
to-human transmission to family members, caretakers and 
health care workers can occur through close contact or 
handling the fluids of infected patients. 


Clinical Features 


The incubation period varies from 2-21 days; initial 
symptoms are non-specific and consist of fever, headache, 


weakness, nausea, vomiting, abdominal pain and joint and 
muscle aches. This is followed by bleeding from multiple 
sites and multiorgan failure, with fatality of 60%. 


Diagnosis and Treatment 


There is leukopenia and thrombocytopenia. Definitive 
diagnosis is by antigen detection, IgM ELISA, polymerase 
chain reaction and viral isolation. Treatment is supportive 
and symptomatic. Several novel therapies including 
serum of infected patients who have recovered from 
disease and nucleic acid-based therapies are under 
evaluation. 


Prevention 


Prevention centers around strict isolation of infected cases, 
safe burial practices and avoiding consumption of bush 
meat. Candidate vaccines are undergoing trials. 
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Emerging Viruses in India 


Crimean-Congo hemorrhagic fever (CCHF) virus is an 
RNA virus of the Bunyaviridae family normally infecting 
cattle and occasionally transmitted to humans by infected 
ticks. The virus is highly contagious and human-to-human 
transmission in household and hospital setting is not 
uncommon. Outbreaks of CCHF have been reported from 
various countries including Pakistan. It was first reported 
from India in 2011 from Gujarat. The presentation is that 
of a viral hemorrhagic fever with fever, body pain, head- 
ache, profuse bleeding, leukopenia, thrombocytopenia, 
altered liver functions, deranged coagulation parameters, 
rhabdomyolysis and renal failure. The disease mimics 
dengue with salient differences being early and more rapid 
platelet fall and rhabdomyolysis. Diagnosis is by specific 
PCR. Treatment is supportive; early administration of 
ribavarin is beneficial. Strict isolation of affected patients 
is crucial to prevent nosocomial transmission. 


Hantaviruses, rodent-borne viruses, cause two important 
clinical syndromes: Hemorrhagic fever and renal 
syndrome (HFRS) in Europe and Asia including India and 
hantavirus cardiopulmonary syndrome in America. 
Rodents are natural hosts and humans acquire infection 
by inhalation of aerosols/contact with water contaminated 
by rodent excreta or saliva. In India, HFRS and 
asymptomatic hantavirus infection has been reported from 
Tamil Nadu. The disease presents as a febrile illness with 
body pain, headache, thrombocytopenia, elevated liver 
enzymes, bleeding and renal failure. Leukocytosis with 
shift to left differentiates it from dengue. Diagnosis is by 
specific IgM antibodies. Leptospirosis is a close 
differential. Coinfections of leptospirosis and hantavirus 
have also been reported. Treatment includes ribavarin and 
supportive care. 
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Nipah viras, an inportant cause of encephalltls, has been 
increasingly reported from West Bengal. [ts oatural 
asvinptomatic hosts ace fruit bats who can transmil 
infection and disease to pigs and humans. PTunmin-to- 
human transmission has also been reported, Clinical 
features in humans are fever followed by features of 
encephalitis and sometimes pneumonia and respiratory 
distress, Mortality is as high as 70% and there are residual 
sequelae in survivors, Treatment is symptomatic and 
supportive. Prevention centers around Imiting human 
exposure to raw date palm juice contaminated by frult 
bat excreta and infected pigs. 


Chandipura virus, a rhabdovirus, is implicated as a cause 
of epidemic viral encephalitis in children in several states 
in India. Itis transmitted by bite of infected sandflies and 
is associated with high mortality and neurologic sequelae. 


COMMON BACTERIAL INFECTIONS _ 


Brucellosis 


ee eee 


Brucellosis is a relatively uncommon chronic granulo- 
matous infection that occurs worldwide including India 
and the Middle Eastern countries. 


Etiopathogenesls 


Brucella species are intracellular gram-negative 
coccobacilli. Their classification is based on their preferred 
hosts namely B. melitensis (sheep and goats), B. abortus 
(cattle), B. suis (pigs), B. canis (dogs). Brucellosis is a 
zoonosis and transmission to humans can occur through 
the consumption of infected unpasteurized milk and 
animal products, through direct contact with infected 
animal parts such as placenta by inoculation of skin and 
mucous membranes and by inhalation of infected 
aerosolized particles. The vast majority of cases worldwide 
are attributed to B. melitensis. 


Clinical Features 


The illness has protean manifestations; incubation period 
is usually between 7 days and 3 months. A history of 
exposure to animals especially drinking unpasteurized 
milk may be present. Fever is continuous or intermittent 
and often chronic and accompanied by profuse sweating, 
joint pains, hepatosplenomegaly and less common 
lymphadenopathy. In untreated cases, complications such 
as spondylitis, osteoarthritis, meningoencephalitis, brain 
abscess, pneumonia and endocarditis can occur. 


Diagnosis 


Complete blood count reveals anemia, leukopenia and 
thrombocytopenia; liver enzymes are mildly elevated. The 
diagnosis is made on blood culture. Sensitivity of bone 
marrow cultures is even higher, as organisms are present 
in large amount in the reticuloendothelial system. Serum 
agglutination tests showing high antibody titers (above 
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1:160 or 1; 320) are considered diagnostic. Commer, 
differential diagnoses Include tuberculosis, enteric feve- 
chronie malaria, HIV, sarcoidosis and lymphoproliieran;. 


disorders, 


lroatment 

Treatment consists of the combination of daxycycine ae 
rifampicin for 6 weeks supplemented with intramuscular 
streptomycin or gentamicin for the first 1-2 weeks. Fre 
children less than 8 years of age, combinations contamung 
rifampicin and cotrimoxazole for 6 weeks with or witihc 
aminoglycosides are recommended. Treatment may need 
to be prolonged for endocarditis and neurobrucellosis. 
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Staphylococcal Infections 


Staphylococcus, a gram-positive coccus, is a common cause 
of both community acquired and nosocomial diseases in 
humans. 


Etlopathogenes!/s 


Staphylococci are functionally classified on basis er 
production of an enzyme and virulence factor coagulase. 
Coagulase-positive Staphylococcus is termed as S, 2urzus 
while S. saprophyticus and S. epidermidis are important 
coagulase-negative staphylococa (CONS). CONS usually 
colonize the skin of all people and S. aureus the nares, ad™2 
and perineum of around 20-25% of the population 
Staphylococcal infection is acquired usually by direct 
contact with an infected patient or carrier and sometimes 
contaminated objects. Airborne spread is less commer 
Predisposing factors for staphylococcal infections include 
breach in the mucocutaneous barrier, previous viral 
infections such as measles, depressed immunity and 


prosthetic material such as shunts and central venous 
catheters. 


Clinical Features 


Common infections include those of skin and soft issues 
like furuncles, impetigo, carbuncles, abscesses and 
cellulitis. In some situations, the bacteria invade the fascia 
and muscle causing necrotizing fasciitis, an infection that 
is associated with very high morbidity and mortality. 
Staphylococcal scalded skin syndrome is another bullous 
infection commonly seen in infants produced by 
exfoliative toxin producing S. aureus 
5, aureus is an important cause of respiratory infections 
such as sinusitis, otitis media, pneumonia, lung abscess 
and empyema. Staphylococcal pneumonia commonly 
occurs after antecedent vira] infections, is rapidly pro- 
gressive and associated with a ; fre 


high rate of ications 
such as pneumatoceles, abscess iene ie 


S. attreus is the chief cause of acute infective endocarditis 


Infections and Infestations 
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Fig. 11.12: Staphylococcal pneumonia with pneurnatocele 


in patients with native and prosthetic valves and 
sometimes with no risk factors. It is rapidly progressive, 
locally destructive and is associated with significant 
complications. It is also the commonest cause of 
pyopericardium an illness with high rates of constrictive 
pericarditis. 

S. aureus is the commonest cause of musculoskeletal 
infections such as osteomyelitis, septic arthritis and 
pyomyositis. CNS infections, such as meningitis, usually 
occur following trauma or neurosurgery. S. aureus is also 
a common etiologic agent of subdural empyema, brain 
abscess and shunt infections. Enterotoxin producing S. 
aureus is a common cause of food poisoning that is 
characterized by fever and profuse vomiting. 

Toxic shock syndrome (TSS) results from a locally non- 
invasive toxigenic strain, characterized by fever, shock, 
erythematous skin rash, hepatic derangement, sensorial 
changes and high mortality. Disseminated staphylococcal 
disease is seen in previously healthy children and 
characterized by suppurative staphylococcal infections at 
multiple sites either together or serially. 

CONS are usually pathogens of lower virulence than S. 
aureus. Since they colonize the skin, they are often cultured 
as contaminants, if blood cultures are not collected by 
aseptic techniques. They are commonly implicated in 
bacteremia in low birth weight babies or in those with 
Central venous catheters, subacute infective endocarditis, 
CNS shunt infections, infections associated with peritoneal 
dialysis catheters and prosthetic joints, urinary tract 
infections and postoperative surgical site infections. 


lreatment 


The most important treatment strategies are surgical 
drainage and antibiotics. Antibiotic therapy of staphylo- 
“Sccal infections has become complicated due to evolving 
resistance in staphylococci. More than 90% of the current 
day Organisms are resistant to penicillin due to production 
fa beta lactamase or penicillinase that destroys the beta 


lactam ring of penicillin. Most of them, however, are 
sensitive to penicillinase-resistant penicillins such as 
cloxacillin, methicillin and cephalosporins and are termed 
MSSA. Some staphylococci, however, have acquired 
resistance to methicillin by production of an altered 
penicillin-binding protein and are termed MRSA. MRSA 
were till some time back only reported as causative agents 
of nosocomial infections but are now reported even in 
community-acquired infections. 


The drug of choice for treating MSSA infections is 
cloxacillin. Other alternatives are first generation 
cephalosporins (cephalexin, cefadroxil for outpatient 
therapy or cefazolin for serious infections), second 
generation cephalosporins (cefuroxime), third generation 
cephalosporins (ceftriaxone) and clindamycin. Since 
cloxacillin is not easily available, cefazolin and ceftriaxone 
are increasingly used for serious infections. If MRSA 
infections are proven or suspected, medications like 
vancomycin, linezolid and teicoplanin are used. 
Daptomycin acts well against both MSSA and MRSA. 

Most S. aureus infections need removal of any prosthetic 
material to ensure cure and prolonged therapy ranging 
from 2 weeks for bacteremia and up to 4-6 weeks for 
osteomyelitis, septic arthritis and endocarditis. 
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Pneumococcal Infections 


Pneumococcus is one of the most common bacterial causes 
of pediatric infections particularly pneumonia. It is 
estimated that 50% of deaths due to severe pneumonia 
are caused by pneumococcus. 


Etlopathogenesis 


Pneumococcus is a gram-positive diplococcus with a thick 
polysaccharide capsule. This capsule is the most important 
virulence factor and determines the various serotypes of 
the pneumococcus. Almost 90 serotypes of pneumococcus 
exist but only a handful cause disease. Serotypes 1, 3, 4,5, 
6A and 6B, 9V, 14, 18C, 19A, 19F and 23 commonly cause 
human disease and are incorporated in the vaccines. 
Pneumococci colonize the nasopharynx; these rates are 
highest in young children. Risk factors for disease include 
extremes of age, splenic dysfunction, immunodeficiency 
especially HIV, any chronic disease and CSF leaks. 


Clinical Features 


Pneumococcal infections are distributed like a pyramid, 
the base being non-invasive disease such as otitis media, 
sinusitis and pneumonia and the apex comprising of 
invasive disease like severe pneumonia, bacteremia and 
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meningitis. It is estimated that for every 1000 cases of otitis 
media, there is 1 case of meningitis. Other less common 
invasive diseases due to pneumococci are osteomyelitis, 
septic arthritis, cellulitis and peritonitis. 

Pneumococcus is responsible for 30% of all acute 
bacterial meningitis and is associated with high rate of 
complications like subdural empyema, morbidity and 
mortality. Pneumococcal bacteremia presents usually as 
fever without focus in infants and children below 3 years, 
and needs aggressive therapy. Pneumococcal pneumonia 
has a lobar distribution with necrosis and empyema being 
common complications. 


Diagnosis 


The gold standard for diagnosis is culture. Low culture 
yields are responsible for under recognition of pneumo- 
coccus as a common pathogen. Pneumococcus unlike 
Salmonella is difficult to culture, especially if antibiotics 
have been administered. Special media containing sheep 
blood are required and delays in transportation and 
improper storage further reduce recovery. In pneumonia, 
isolation rates from blood are low, and the ideal sample 
of lung aspirate cannot be obtained in routine clinical 
practice. Other tests useful in diagnosis are Gram stain 
(Fig. 11.13), latex agglutination tests in CSF and pleural 
fluids and recently PCR. 


Treatment 


Penicillin and its derivatives such as ampicillin and 
amoxicillin are the drugs of choice for treatment of 
pneumococcal infections; ceftriaxone is a satisfactory 
alternative. Like many other bacteria, resistance in 
pneumococcus is being increasingly reported (more from 
the West and relatively less from India). Resistance to beta- 
lactams is due to altered penicillin-binding protein that 
may be intermediate or high level. Intermediate resistance 
can be overcome by using higher doses of penicillin or 
amoxicillin, but high level resistance requires use of 
alternative drugs like fluoroquinolones, vancomycin, or 
teicoplanin. 
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Fig. 11.13: Gram stain of pus showing abundant gram-positive 
diplococcl, pneumococcl 
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Diphtherla 


Diphtheria is an acute bacterial infection caused by gram- 
positive bacillus Corynebacterium diphtheriae. Though the 
incidence of diphtheria has decreased remarkably 
following increasing immunization, cases do occur in 
unvaccinated children and adults who have lost their 
immunity. 


Etlopathogenesis 


The secretions and discharges from infected person or 
carrier are the main source of infection. The infection is 
transmitted by contact or via droplets of secretion. The 
portal of entry is commonly the respiratory tract. The 
incubation period of the disease is 2-5 days. C. diphtheriae 
proliferates and liberates powerful exotoxin which is the 
principal cause of systemic and local lesions. The exotoxin 
causes necrosis of the epithelial cells and liberates serous 
and fibrinous material which forms a grayish white 
pseudomembrane which bleeds on being dislodged. The 
surrounding tissue is inflamed and edematous. The organs 
principally affected by the exotoxin include the heart, 
kidney and myocardium. 


Clinical Features 


The onset is generally acute with fever, malaise and 
headache. The child has a toxic look. The clinical features 
depend on the site of involvement. The commonest form 
is faucial or tonsillopharyngeal diphtheria in which there 
is redness and swelling over the fauces. The exudates 
coalesce to form a grayish white pseudomembrane, which 
extends to surrounding areas. The cervical lymph nodes 
are enlarged leading to a bull neck appearance. Sore throat, 
dysphagia and muffled voice are frequently present. In 
nasal diphtheria, there is unilateral or bilateral 
serosanguineous discharge from the nose and excoriation 
of upper lip. In laryngotracheal diphtheria, the membrane 
over the larynx leads to brassy cough, stridor and 
respiratory distress. Diphtheritic lesions may occasionally 
also be found in skin and conjunctiva. 

The commonest complication is respiratory failure due 
to occlusion of the airways by the membrane. Myocarditis 
generally occurs by second week of illness and can lead 
to symptoms of congestive cardiac failure, arrhythmias 
and sudden death. Neurological complications include: 
(i) Palatal palsy, which occurs in second week and is 
clinically manifested by nasal twang and nasal 
regurgitation; (ii) ocular palsy in third week; (iii) loss of 
accommodation, manifested by visual blurring and 
inability to read; (iv) generalized polyneuritis occurs by 
third to sixth weeks of illness. Renal complications include 
oliguria and proteinuria. 


infections and Infestations 


plagnosis 


There should be a high index of suspicion. Rapid diagnosis 
is enabled by Albert stain of a swab from the oropharynx 
or larynx. Culture, however, takes 8 hours to become 
available. Faucial diphtheria should be differentiated from 
acute streptococcal membranous tonsillitis (patients have 
high fever but are less toxic and the membrane is confined 
to the tonsils), viral (adenovirus) membranous tonsillitis 
(high fever, sore throat, membranous tonsillitis with 
normal leukocyte count, self-limited course of 4-8 days), 
herpetic tonsillitis /aphthous stomatitis, thrush, infectious 
mononucleosis (generalized rash, lymphadenopathy, 
abnormal lymphocytosis, positive Paul-Bunnell test), 
agranulocytosis and leukemia. 


Management 


The most important component of therapy is neutraliza- 
tion of bacterial toxin by administration of antitoxin. 
Diphtheria antitoxin (IV/IM) should be administered soon 
as infection with diphtheria bacilli is suspected even earlier 
than bacteriological confirmation before the bacteria have 
fixed to the tissues. The degree of protection offered by 
the diphtheria antitoxin is inversely proportional to the 
duration of clinical illness. Repeat doses of antitoxin may 
be given, if clinical improvement is suboptimal. 

Antibiotics such as penicillin or erythromycin should 
be used to terminate toxin production, limit proliferation 
of bacteria, prevent spread of organism to contacts and 
prevent the development of carriers. This should be 
followed by active immunization as clinical disease does 
not confer active immunity. 

Bed rest is advocated for two to three weeks. Children 
should be monitored for airway obstruction and managed; 
tracheostomy may be required in some cases. Sudden 
exertion should be avoided and changes in rate and 
rhythm of heart should be looked for. Children with 
palatal palsy should be fed by nasogastric feeding. 
Generalized weakness due to polyneuritis is treated as 
for poliomyelitis or Guillain-Barre syndrome. 


Prevention and Control 


The patient should be isolated until two successive 
cultures of throat and nose are negative for diphtheria 
bacillus. All contaminated articles from discharges should 
be disinfected. All household/other contacts should be 
Observed carefully for development of active lesions, 
cultured for C. diphtheriae and given chemoprophylaxis 
With oral erythromycin for 7 days or single dose benzathine 
Penicillin. Previously immunized asymptomatic patients 
should receive a booster dose of diphtheria toxoid. Those 
Not fully immunized should receive immunization for 
their age (Chapter 10). 
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Pertussis (Whooping Cough) 


Pertussis is an acute highly contagious respiratory tract 
infection, caused by Bordetella pertussis. It may affect any 
susceptible host but is more common and serious in 
infancy and early childhood. The disease is characterized 
by intense spasmodic cough. Similar illness is also caused 
by B. parapertussis, B. bronchoseptica and adenoviral 
infections 1, 2, 3 and 5. The disease is under recognized 
and under reported due to low awareness, non-classical 
cases and limited availability of diagnostic tests. The 
worldwide prevalence of the illness has declined following 
widespread vaccination. The disease continues to be 
endemic in India with 25000 reported cases in 2015. 


Epidemiology 


Pertussis is extremely contagious with attack rates as high 
as 100% in susceptible individuals exposed to aerosol 
droplets. B. pertussis does not survive for prolonged 
periods in the environment. Chronic carriage in humans 
is not known. After intense exposure as in households, 
the rate of subclinical infection is as high as 80% in fully 
immunized and naturally immune individuals. Protection 
against typical disease wanes 3-5 years after vaccination 
and is unmeasurable after 12 years. Coughing adolescents 
and adults are the major reservoir of B. pertussis and are 
the usual sources for index cases in infants and children. 


Feotures 


The incubation period of the disease is 7-14 days. The 
clinical presentation can be divided into three stages. 

The catarrhal phase lasts for 1-2 weeks and is the most 
infectious. The initial manifestations are indistinguishable 
from upper respiratory tract infections. The child has 
cough, coryza with little nasopharyngeal secretions. 
Unlike the upper respiratory infections, the cough does 
not improve in a few days but becomes more severe and 
frequent with the passage of time. Though the cough may 
not be typically paroxysmal in early stages, it tends to be 
annoying and frequent at night. The paroxysmal nature 
of the cough is suspected towards the latter part of this 
phase. 

The paroxysmal stage lasts for 2-6 weeks in which cough 
progresses to episodic paroxysms of increasing intensity 
ending with high-pitched inspiratory whoop. The whoop 
is produced by the air rushing in during inspiration 
through the half-open glottis. The whoop may not always 
be present in infants who present with apneic or cyanotic 
spells. The child coughs up thick tenacious mucus. The 
paroxysms of cough may occur frequently and terminate 
by vomiting. Repeated thrusting of tongue over the teeth 
causes ulceration of the frenulum of the tongue. 
Paroxysms of cough are precipitated by food, cold air and 


| 27 








coll Hqulds. In infants <3 months, (his lage may be 
considerably prolonged, 

In the convalescent phase, the Intenslty and paroxyams 
of cough decrease gradually over le4 weeks, The vomit! ng 
becomes less frequent. Appetite, general condition and 
health pradually Improve, 


Complications 


* Young infants show apnea, leukocytosis and 
pulmonary hypertension and high mortallty 

© Respiratory complications; Otitis media, pneumonia, 
atelectasis, emphysema, bronchiectasis, pneumothorax 
and pneumomediastinum 


* Neurological complications: Seizures and encephalopathy 
(2-7'%) 

© Bleeding episodes: Epistaxis, retinal or subconjunctival 
bleeds, intracranial hemorrhage. 


* Inguinal hernia, rectal prolapse 


* Malnutrition due to persistent vomiting and 
disinclination to eat 


* Flare up of tuberculosis 


Diagnosis 

The diagnosis of whooping cough is based on clinical 
features. There may be a lymphocytic leukocytosis and 
low ESR. Specific diagnosis depends on isolation of the 
organism from nasopharyngeal swab or cough plate 
cultured on Bordet-Gengou medium. Culture positivity 
declines with advancing illness and administration of 
antibiotics. Other diagnostic tests including serology and 
PCR in throat swab are not routinely available. Differen- 
tials for pertussis include adenoviral infections, 
endobronchial tuberculosis, extrinsic compression of 
airways by lymph nodes, inhaled foreign body and 
reactive airway disease. 


Management 


General measures include providing adequate nutrition 
and hydration and avoiding factors aggravating cough. 
Macrolides including erythromycin, azithromycin or 
clarithromycin are the drugs of choice. Antibiotics 
terminate the respiratory tract carriage of B. pertussis thus 
reducing the period of communicability but do not shorten 
the course of illness. Nebulization with salbutamol is 
sometimes effective in reducing bronchospasm and 
controlling bouts of cough. Cough suppressants and 
antihistaminic agents should be avoided. 


Prevention 


Chemoprophylaxis with erythromycin is recommended 
for close family contacts especially children <2 years of 
age. Non-immunized and partially immunized contacts 
should be vaccinated (Chapter 10). 
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Enteric Fever 
The term enteric fever includes typhoid fever Caused }, 
Salmonella enterica var typhi and paratyphoid fever Cause 
by S, enterica var paral yphi A, B or C. Paratyphoid infection. 
constitute about 20% of all cases of enteric fever 
worldwide. As enteric fever is a disease transmitted }, 
the feco-oral route, its greatest burden is in resource. 
limited countries where water supply and sanitary 
conditions are poor, Jn a community based study in urbap 
slums of Delhi, the incidence was estimated to be 980/ 
100,000 population with 44% of the cases occurring jp 
children below 5 years. 

Enteric fever is one of the commonest causes of fever 
lasting for more than 7 days in clinical practice in India, 


Etlopathogenesis 
S. enterica serotype typhi/paratyphi is a gram-negative, non- 
lactose fermenting, flagellate bacterium. The somatic or 
O antigen is shared among various salmonellae; the 
flagellar or H antigen is specific to the serovar. S. enterica 
var typhi also possesses a Vi polysaccharide capsule. 
The infective dose of typhoid/paratyphoid bacillus 
varies from 10? to 10° organisms. The organism must 
survive the gastric barrier to reach the small intestine; 
conditions which reduce gastric acidity, such as antacids, 
H, receptor blockers and proton pump inhibitors reduce 
the infective dose. On reaching the small intestine, the 
organism penetrates the mucosa and infects ly:nphoid 
follicles and subsequently the draining mesenteric nodes 
and the liver and spleen. It multiplies in the reticulo- 
endothelial system and after incubation period varying 
from 7-14 days spills into the bloodstream and is widely 
disseminated, especially to liver, spleen, bone marrow, 
gallbladder and Peyer patches of the terminal ileum. Ths 
marks the onset of clinical manifestations of enteric fev" 
Infection leads to local and systemic immune response» 
which are, however, inadequate to prevent relapse 
reinfection. 


Clinical Features 


There is no appreciable difference between the manifesta 
tions of typhoid and paratyphoid fever. The hallmark ° 
enteric fever is fever which starts as a low grade ie 
and then shows stepwise increase peaking to as high 
103-104°C by the end of the first week. This patte™ 
differentiates it from viral fever where the peak is usU@ 
at the onset of fever. With fever, there is associated mala ; 
dull headache, anorexia, nausea, poorly locali?” 
abdominal discomfort, mild cough and malaise. eat 
may be diarrhea; constipation in children is rare. Physi d 
findings are unremarkable with the exception of a c0* 
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tongue, tumid abdomen and sometimes hepatospleno- 
megaly: The rash described in Western textbooks is seldom 
or never seen in Indian subjects. Infants and young 
children with enteric fever may have diarrhea as a pre- 
dominant manifestation or a short-lasting undifferentiated 
febrile illness. In the absence of treatment, fever may 
continue for 3-4 weeks followed by natural remission or 
py development of complications. 


complications 


The commonest intestinal complications are bleeding or 

erforation seen in the 2nd or 3rd week of illness in 
10-15% adult patients, but less frequently in children. 
Bleeding is due to erosion of a necrotic Peyers patch 
through the wall of a vessel and is usually mild but can, 
sometimes, be life-threatening. Perforation is a dreaded 
complication manifesting as acute abdomen, with high 
mortality unless appropriately treated. 

The term severe or complicated enteric fever is used 
for patients presenting with neurological complications 
such as delirium, coma, obtundation, stupor or shock and 
is associated with mortality rates as high as 50%. Other 
complications of include hepatic and splenic abscesses, 
hepatitis, cholecystitis, pneumonia, disseminated 
intravascular coagulation, psychosis, ataxia or meningitis. 
The case fatality rate is less than 1% in appropriately 
treated cases but may be 10-20% in inadequately treated 
or complicated cases. 


Relapse: Relapse may occur in 5-15% of treated cases, 
usually due to the organism with the same susceptibility 
as the original attack and is relatively a milder illness. Rate 
of relapse is dependent on choice of drug therapy. It is 
higher with beta lactams such as cefixime or ceftriaxone 
as compared to quinolones and azithromycin. 


Carrier state: Although 5-10% adult patients may shed 
Salmonella in stool following an acute attack for up to 
3 months, only 14% excrete bacilli for more than 1 year. 
These individuals are potential sources of infection for 
family members and contacts and for the community, if 
they are in occupations that involve food processing. There 
is no data on carrier prevalence in children; routine 
examination of stool following recovery from enteric fever 
is not recommended. 


Diagnosis 


Leukocyte counts may be normal to low with absolute 
eosinopenia and neutrophilic predominance. Anemia and 
thrombocytopenia may occur in advanced illness. There 
May be mild elevation of transaminases to 2-3 times 
Normal (SGOT being higher than SGPT). A very high C- 
Teactive protein sometimes helps to differentiate enteric 

om viral fevers, especially dengue. Ultrasound abdomen 
Shows mesenteric adenitis with splenomegaly. 

The gold standard for diagnosis is blood culture. The 
“ensitivity is greatest in the first week at around 90% but 


drops to 40% in the 4th week. Its overall sensitivity is 60%, 
which reduces to 20-40% after antibiotics. Salmonella is 
an easy organism to culture and use of bile broth media 
and automated culture systems such as BACTEC improve 
recovery. Sufficient blood should be collected (10 mL in 
adults and 5 mL in children) and a blood: media ratio of 
1:5 should be maintained. The use of clot culture methods 
does not significantly improve recovery rates. Bone 
marrow cultures have higher yield as compared to 
peripheral blood cultures as Salmonella is a pathogen of 
the reticuloendothelial system and should be sent, if a bone 
marrow examination is done as part of work-up for 
pyrexia of unknown origin. Owing to very low recovery 
rates, stool cultures and urine cultures are not 
recommended. Antimicrobial susceptibility testing of the 
isolate is important in the era of multidrug resistance. 


The Widal test detects presence of IgG and IgM 
antibodies to H (flagellar antigen) of S. enterica var typhi 
and paratyphi A and B, and O (somatic antigen) common 
to typhi and paratyphi A and B. Anti-O titers are both 
IgG and IgM that rise and decline early, while anti-H is 
primarily IgG that rise and decline late in course of the 
disease. The conventional method of interpretation of the 
Widal test has been to demonstrate fourfold rise in 
antibody titers in two samples. Since this is often not 
practical, a single titer of at least 1:160 for both O and H is 
considered positive. Even with this compromise, the Widal 
test has several limitations. Sensitivity is low in the first 
week of illness and in patients treated with prior 
antibiotics, Specificity is low owing to anamnestic 
reactions, prior vaccination, cross-reactivity with other 


Enterobacteriaceae and subclinical infections in endemic 
areas. 


Treatment 


Indications for inpatient treatment: Most cases of enteric 
fever can be managed at home with oral antibiotics and 
advice to seek medical follow-up in case of failure to 
respond to therapy or development of complications. 
Children with persistent vomiting, poor oral intake, severe 
diarrhea or abdominal distension usually require 
intravenous (IV) antibiotics and IV fluids, necessitating 
admission to hospital. 


Antimicrobial susceptibility: The antimicrobial sensitivity 
of S. typhi/paratyphi has shown changes over the decades. 
Though resistance to chloramphenicol was first noted soon 
after its first use in 1940s, it was not until 1972 that 
chloramphenicol-resistant typhoid fever became a major 
problem. Multidrug-resistant typhoid fever (MDRTF) 
became a common occurrence by the end of 1990s, with 
emergence of S. typhi simultaneously resistant to all the 
drugs that were used as first-line treatment (chloram- 
phenicol, trimethoprim, sulfamethoxazole and ampicillin). 
Fluoroquinolones were introduced in the late 1980s and 
early 1990s and produced very good results initially, but 
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the past decade has seen a progressive increase in the 
minimum inhibitory concentrations (MIC) of ciprofloxacin 
in S. typhi and paratyphi and resistance rates fo 
fluoroquinolones/nalidixic acid now approach 90%. 
Alongside the rise in resistance to quinolones, there has 
been return in sensitivity to first-line antibiotics such as 
chloramphenicol, cotrimoxazole and ampicillin. However, 
concerns of toxicity and inconsistent reports of sensitivity 
preclude their widespread use. There are recent sporadic 
reports of resistance to ceftriaxone due to production of 
novel type of beta lactamases. Salmonella may show in vitro 
susceptibility to aminoglycosides and second-generation 
cephalosporins, but these are not effective in vivo, and 
should not for treatment. 


Choice for empirical therapy: Where enteric fever is 
clinically suspected but cultures have not been sent for, 
reports are awaited or are sterile, empirical therapy may 
be started. Choice for empirical therapy is guided by 
various factors including the severity of the illness, 
inpatient/outpatient therapy, presence of complications 
and local sensitivity patterns. 

For uncomplicated enteric fever, oral cefixime at a dose 
of 20 mg/kg/day (ceiling dose of 1200 mg) is the drug of 
choice. Azithromycin (10-20 mg/kg/day) is a good second 
choice agent; chloramphenicol (50 mg/kg/day), 
amoxicillin and cotrimoxazole are other second-line 
agents. Clinical efficacy is more or less the same with all 
these drugs with each drug having its own advantages 
and limitations. The choice of medication depends on 
individual preference, experience, and level of comfort 
and cost considerations. Once culture results are available, 
therapy can be modified. There is no data at present to 
support use of combination therapy in enteric fever. 

For severe illness and where complications are present, 
intravenous ceftriaxone and cefotaxime are used a dose 
of 100 mg/kg/day and 200 mg/kg/day, respectively. In 
patients with history of penicillin or cephalosporin allergy, 
aztreonam, chloramphenicol (in higher than usual doses) 
and cotrimoxazole (in higher than usual doses) are used 
as second-line agents. Parenteral treatment is continued 
until defervescence has occurred, oral intake has improved 
and complications resolved, Thereafter, therapy can be 
switched to oral cefixime to complete a total duration of 
14 days. Other oral drugs that may be used for switch 
over therapy include azithromycin, cotrimoxazole and 
amoxicillin. 

In culture proven enteric fever, if defervescence does 
not occur by day 7, causes such as drug fever, thrombo- 
phlebitis, hepatic or splenic abscesses, hemophagocytic 
syndrome and coinfections need to be excluded. If cultures 
are negative and defervescence has not occurred by day 
7, a thorough search for alternative etiology for fever 
should be made and ceftriaxone continued. 


pha of relapses: Relapse rates vary with the type of 
g and are most common with beta lactams (ceftriaxone, 
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ixi ially 1 ter duration of therapy | 

cefixime) especially if shorter ¢ ) PY Inte 
Although relapses may be satisfactorily treated with | : 
same drug as used for primary therapy, azithromye(, , 
the preferred drug since it is associated with very im 


relapse rates. 


Prevention 

The most effective and desirable method for Preventin, 
enteric fever is by improving hygiene and sanitation, ‘th;, 
will yield additional dividends of reduction in the burden 
of other water-borne illnesses as well. Vaccination ag jp, 
other major preventive strategy, is discussed in Chapter 19 
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Leptospirosis 


Leptospirosis is a zoonotic disease with worldwide 
distribution, caused by spirochetes of the genus Leptospira, 
Most cases occur in tropical and subtropical countries. 
While rats are the principal source of human infection, 
dogs, cats, livestock and wild animals are other important 
animal reservoirs. Infected animals may excrete the 
spirochete in urine for several weeks. The survival of 
excreted organisms depends on the moisture content an 
temperature of the soil. Humans acquire infection after 
being exposed to water or soil contaminated with rat urine. 
Agricultural workers, sewage workers, veterinarians, 
meat handlers, rodent control workers and la‘ oratory 
personnel are at risk of getting infected because o 
occupational exposure. Infection is also common in the 
monsoons and during flooding. 


Pathogenesis 


Leptospira enter the body through abrasions and cuts!" 
skin or through mucous membranes, and spread to al 
organs hematogenously. The organisms damage the 
endothelial lining of small blood vessels, with leakage @” 
extravasation of blood cells, hemorrhage, and ischemit 
damage to various organs including liver, kidney® 
meninges and muscles. 


Clinical Features 
e fro m 


Human infection with Leptospira may rang tal 
asymptomatic infection to severe and often fa 
multiorgan involvement. Symptomatic infection ice 
as a relatively mild anicteric febrile illness in over 7? . 
patients, aseptic meningitis in about 20%; BFA 
leptospirosis with hepatorenal dysfunction Laer 
disease) develops in 5-10% individuals. The incu>4 
Period is usually 1-2 weeks. 
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Infections a 


The flness 14 often biphasic, In the Initial or septicemic 
phase lasting 2-7 days, the onset is abrupt with high grade 
fever With rigors and chilis, lethargy, severe myalgia, 
headache, natices, vomiting. Patient may have 
conjunctival stffusion with photophobia and orbital pain, 
generalized | ymphadenopathy and hepatosplenomegaly. 
Transient maculopapular erythematous rash may be seen 
in <10% cases. Hypotension with bradycardia and 
circulatory collapse is rarely seen. Some patients develop 
acute respiratory distress syndrome with respiratory 
failure. Most patients become asymptomatic within one 
week. 

In some patients, after a brief asymptomatic phase, 
the second phase, called the immune or leptospiruric 
phase, becomes manifest wherein Leptospira localize to 
various tissues to cause tissue specific signs and 
symptoms. In this phase, circulating autoantibodies to 
Leptospira are present; organisms can no more be isolated 
from blood or CSF but persist in tissues like kidneys and 
aqueous humor. During the immune phase, some 
children may develop aseptic meningitis or uveitis with 
recurrence of fever. Encephalitis, cranial nerve palsies, 
paralysis and papilledema are rare manifestations. 
Central nervous system abnormalities usually normalize 
within one week; mortality is rare. 

In icteric leptospirosis (Weil’s syndrome) after the initial 
phase of fever, patients develop severe hepatic and renal 
dysfunction, Jaundice, hepatomegaly and tenderness in 
right upper quadrant are usually detected. Splenomegaly 
found in 20% of cases. Non-oliguric renal failure with 
azotemia may develop, often during the second week of 
illness. All patients have abnormal urinary finding on 
urinalysis in the form of hematuria, proteinuria and casts. 
Hemorrhagic manifestations are rare but when present, 
may include epistaxis, hemoptysis and gastrointestinal 
and adrenal hemorrhage. Transient thrombocytopenia 
may occur. Mortality is 5-15%. 


Diagnosis 


Complete blood count shows anemia, leukocytosis with 
polymorph predominance and thrombocytopenia. The 
CRP is clevated and liver enzymes are mildly elevated 
with SGOT more than SGPT; CPK levels are high. In 
patients with Weil’s disease, there is elevated serum 
creatinine, deranged coagulation parameters and direct 
hyperbilirubinemia with elevated transaminases. 
Specific diagnosis is established by serologic testing, 
microscopic demonstration of the organism, culture or 
PCR. Serologic diagnosis is possible after 5 days of illness. 
The gold standard for serologic diagnosis is the 
microscopic agglutination test (MAT), which is only 
available in reference centers. Commercial kits for 
serologic diagnosis include rapid tests and IgM ELISA but 
these tests are often associated with cross-reactivity and 
false positivity with other infections such as enteric fever 
and malaria. Demonstration of organism in tissues Or urine 
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by dark field microscopy or immunofluorescence and 
cultures are not routinely available. However, it is now 
possible to diagnose the illness in the first few days by 
PCR in blood. 

Leptospirosis should be differentiated from other 
febrile illnesses commonly seen in the monsoon season 
such as malaria, dengue, enteric fever, acute viral hepatitis 
and hanta virus infections. 


Treatment 


Treatment should be initiated as early as possible. For 
severe leptospirosis, parenteral penicillin G (6-8 million 
U/m?/24 hr q 4 hr IV for 7 days) is the drug of choice. 
Ceftriaxone and IV tetracycline are also acceptable 
alternatives. For oral treatment, amoxicillin and in children 
above 8 years, doxycycline are preferred. 


Prevention 


Prevention entails avoidance of exposure to contaminated 
water. Single dose doxycycline or amoxicillin following 
exposure can also prevent illness. 


Suggested Reading 


* Rajapakse S, Rodrigo C, Balaji K, et al. Atypical manifestations of 
leptospirosis. Trans R Soc Trop Med Hyg 2015; 109:294-302. 

¢ Tullu MS, Karande S. Leptospirosis in children: a review for family 
physicians. Indian J Med Sci 2009; 63:368-78. 


Tetanus 


Tetanus is caused by the bacterium Clostridium tetant, a 
spore-forming, anaerobic, gram-positive, motile bacillus, 
found in human and animal feces. These spores are 
widespread in the environment. From an estimated 
80,000 deaths from neonatal tetanus in India in 1990, less 
than 500 cases were reported in 2015 thus certifying India 
as free of maternal/neonatal tetanus. Elimination of 
neonatal tetanus has been defined as less than 1 case of 


neonatal tetanus per 1000 live births in every district of 
the country. 


Pathogenesis 


C. tetani is a non-invasive organism. The spores of the 
organism remain nonpathogenic in soil or contaminated 
tissues until conditions are favorable for transformation 
into vegetative form. Transformation occurs in the 
presence of locally decreased oxygen reduction potential, 
typically in devitalized tissue, in the presence of a foreign 
body, trauma and crush injury and suppurative infections. 
Two types of toxins are produced by the organism, 
tetanolysin and tetanospasmin. Tetanospasmin is the main 
toxin responsible for the manifestations of the disease. It 
binds to the neuromuscular junction at the site of injury, 
and undergoes retrograde axonal transport to reach the 
presynaptic nerve terminal where it prevents the release 
of inhibitory neurotransmitters glycine and GABA leading 
to uncontrolled contraction of muscles. 
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Clinical Features 


Tetanus mainly affects the unimmunized and partly 
immunized individuals. The disease may occur in various 
forms: Neonatal, generalized, localized, and cephalic. The 
most common forms are generalized and neonatal 
tetanus, 


Generalized tetanus has an incubation period of 
approximately 8 days (range 2-14 days). However, the 
disease may occur months after the initial injury. The 
incubation period depends on the distance of the site of 
injury from the central nervous system. The faster is the 
onset of symptoms, the poorer is the prognosis. 
Characteristically, there is descending paralysis, with 
initial involvement of the jaw muscles. There is spasm of 
the masseters leading to trismus or lockjaw. Subsequent 
involvement of the neck, back and abdominal muscles 
occurs, soon involving the whole body. As the disease 
progresses, minimal stimuli may lead to generalized 
spasms, the hallmark of the disease and contribute to 
serious complications and eventually death. Typically, the 
sensorium of the patient is preserved. There is difficulty 
in swallowing. Autonomic instability may occur, with 
blood pressure fluctuations in the form of hypertension 
or hypotension, diaphoresis and arrhythmias. Recovery 
usually begins after 3 weeks and approximately takes four 
wecks, Recovery from tetanus occurs by sprouting new 
nerve terminals in the spinal cord leading to relaxation of 
the contracted muscles. 


Neonatal tetanus is a major cause of mortality in 
developing countries. Pregnant women who are not 
immunized against tetanus do not pass on protective 
antibodies to their babies. Infection results from unhygienic 
birth practices, most commonly when the umbilical cord is 
contaminated at the time of cutting. Symptoms usually 
appear by the third day after birth, never in the first two 
days of life and rarely after the age of two weeks. Excessive 
unexplained crying followed by refusal of feeds and apathy 
are the common initial symptoms. The baby develops 
progressive feeding difficulty, becomes rigid, develops 
paralysis, and may develop opisthotonic posturing and 
experience painful spasms. The mouth is kept slightly open 
due to pull and spasm of the neck (Fig. 11.14). There is 
generalized rigidity and opisthotonus in extension. Spasms 
of larynx and respiratory muscles are characteristically 
induced by stimuli such as touch, noise and bright light, 


resulting in episodes of apnea and cyanosis. The case fatality 
is high (70—-100%). 


Localized tetanus is less severe in comparison, and is 
characterized by rigidity and pain confined to the muscles 
adjacent to the wound. It may lead to generalized tetanus 
later. In patients with isolated localized tetanus, the 
mortality is less than 1%. Cephalic tetanus is a form of local 


tetanus, which occurs due to injury of the bulbar muscles, 
has a poor prognosis. 
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Fig. 11.14: Neonatal tetanus (Courtesy: Dr Amarjeet Meh 
Jaipur) 
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Treatment 


Most patients require intensive care management and 
good supportive care. The aims of treatment are airway 
maintenance, prevention of further toxin absorption, 
relieving clinical features, e.g. spasms, controlling auto- 
nomic instability and antibiotics. Airway management 
may require intubation and mechanical ventilation, 
especially in severe cases and if the infant gets frequent 
episodes of largyngeal spasms, apneic attacks or central 
respiratory failure. Neutralization of free toxin is done by 
administering human tetanus immunoglobulin; however, 
antitoxin cannot dislodge the toxin already fixed to the 
nerve roots. The route of administration is intramuscular 
or intrathecal. The usual dose is 500 to 1000 IU. Antibiotic 
therapy is needed to abolish the bacteria from the \wound 
site; commonly used agents are crystalline penicillin of 
metronidazole. 

Spasms are precipitated by minimal stimuli, therefore 
efforts should be made to avoid noxious stimuli including 
bright lights, pain and loud noises. Relief of spasms is done 
using benzodiazepines. The most commonly used agen 
is diazepam, either as an intermittent IV bolus or 4 
continuous infusion. Diazepam prevents further spasms 
by causing GABA-mediated central inhibition. It als? 
helps by reducing anxiety and promoting muscle 
relaxation. Other agents used for severe spasms include 
pancuronium bromide. Autonomic instability is controlle 
with the use of alpha and beta adrenergic blockers, and 
IV magnesium. 

All patients should receive a complete course of 
immunization with tetanus toxoid once recovered, as tM 
disease does not induce protective antibodies. 


Prognosis 


The disease has high mortality rate in spite of adequat? 
supportive care, which may reach up to 50% in sevel 
generalized tetanus and 90% in neonatal form. 

outcome depends on the incubation period, the site © 
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injury, the rate of progression of illness, and presence of 
autonomic instability. Survivors do not manifest any 
neurological sequelae, except when apneic episodes are 
unduly prolonged and unattended. The prognosis in 
neonatal tetanus is worse, if (i) onset of symptoms occurs 
within the first weeks of life, (ii) interval between lockjaw 
and onset of spasms is less than 48 hours, (iii) high fever 
and tachycardia are present, (iv) spasms, especially of 
larynx resulting in apnea are severe and frequent. 


Prevention 


Immunization with tetanus toxoid leads to induction of 
protective antibodies, and is discussed in Chapter 10. 
Maternal and neonatal tetanus can be effectively 


prevented by immunizing the mother during pregnancy, 
and ensuring clean delivery and cord care. 
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TUBERCULOSIS 


Tuberculosis, caused by Mycobacterium tuberculosis, kills 
nearly 2 million people every year. More than 90% cases 
occur in the developing countries, where resources for 
optimal treatment are limited. 


Magnitude 


Since most children acquire the organism from adults, the 
epidemiology of childhood tuberculosis follows that in 
adults. While the global burden of the illness is unclear, it 
is estimated that ~10% cases occur in childhood. 
Tuberculosis infection and disease among children are 
much more prevalent in developing countries, where 
resources for control are scarce. It is estimated that in 
developing countries, the annual risk of tuberculosis 
infection in children is 2-5%. The estimated lifetime risk 
of developing tuberculosis for a young child infected with 
M. tuberculosis, as indicated by positive tuberculin test, is 
about 10%. About 5% of those infected are likely to 
develop disease in the first year after infection and the 
remaining 5% later. These rates increase about sixfold in 
HIV-infected individuals. 

Reasons for an increase in childhood tuberculosis include 
inadequate facilities for diagnosis, prevention and therapy, 
the HIV pandemic, and emergence of drug resistance with 
nearly 170000 children dying every year. Due to improved 
Standard of living, the incidence of tuberculosis has declined 
in affluent and highly developed countries. However, it 
continues to be a public health problem in underprivileged 
Countries of Asia, Africa and South America. 
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Epidemiology 

Agent: All patients of pulmonary tuberculosis and most 
Cases of extrapulmonary disease are caused by human type 
Strain of M. tuberculosis. A few cases of extrapulmonary 
illness particularly the tubercular lymphadenitis may be 
due to the bovine strain. 


Reservoir of infection: Infection is spread by patients 
suffering from pulmonary tuberculosis, who discharge 
tubercle bacilli in sputum or nasopharyngeal secretions 
during bouts of coughing or sneezing. Such patients are 
called open or infective cases. In children, a few infections 
may occur transplacentally (congenital tuberculosis). 


Mode of infection; The usual mode of infection is through 
inhalation of droplets of infected secretions. Infected 
sputum from open cases of tuberculosis dries up, and 
tubercle bacilli are resuspended in dust and air that might 
be inhaled. Infection through ingestion of infected material 
is rare. Rarely infection is transmitted through skin, 
mucous membrane or transplacentally. 


Host Factors 


No age is exempt from tuberculosis. Tubercle bacilli are 
not transferred across the healthy placenta but the fetus 
may be infected from an infected placenta. The frequency 
of infection increases with age. An infant is more likely to 
develop disease after an infection compared to an older 
child. 

Adolescents, especially girls, are prone to develop 
active tuberculosis disease during puberty. Under- 
nourished children are more susceptible to develop 
tuberculosis, probably due to depressed immune defense. 
Tuberculosis may precipitate severe malnutrition in 
infants with undernutrition. A malnourished patient who 
does not respond to dietary therapy should be investigated 
for tuberculosis. 

Children with primary or secondary immune 
deficiencies develop disseminated disease. Illnesses that 
affect cell-mediated immunity (including measles) 
increase the susceptibility of disease. The risk of infection 
is associated with the extent of contact and burden of 
organisms in the sputum. Patients with smear positive 
pulmonary tuberculosis are more likely to transmit 
infection. An increased risk of infection is seen in 
institutional settings (nursing homes, correctional centers 
and homeless shelters). 


Pathology 


The inhaled tubercle bacilli lodge in pulmonary alveoli 
and cause inflammation with hyperemia and congestion. 
Initially, polymorphonuclear leukocytes infiltrate the site, 
but their phagocytic ability is low and they are soon 
eliminated. The further course depends on the immune 
response of the host. If host resistance is good, the 
inflammatory exudate around the primary focus is 
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absorbed and the cascous area inspissated. Healing occurs unrecognized. Asymptomatic infection is defineg 
by fibrosis and calcification. When the cell-mediated immune — infection associated with tuberculin hypersensi tivity a > 
response is weak, the bacilli continue to multiply andthe aq positive tuberculin test, without significant clinica} 
inflammatory process extends to the contiguous areas. radiological findings, . 
Progressive primary disease is a serious complication Symptoms in children with PPC include mild fever 
of the pulmonary primary complex (PPC) in which the anorexia and weight loss; occasionally PPC are detecteg 





PPC, instead of resolving / calcifying, enlarges steadily and 
develops a large caseous center. The center liquefies and 
may empty into an adjacent bronchus leading to formation 
of a cavity, which characteristically is associated with la rge 
numbers of tubercle bacilli. Next, the bacilli may spread 
to other parts of the lobe or the entire lung, resulting in 
lobar consolidation or bronchopneumonia. Cavitary 
disease is uncommon in young children. The enlarged 
lymph nodes may compress the nei ghboring airway. Ball- 
valve effect due to incomplete obstruction may lead to 
trapping of air distal to obstruction (emphysema). 
Enlarged paratracheal nodes may cause stridor and 
respiratory distress, and subcarinal nodes impinge on the 
esophagus and cause dysphagia. If obstruction of the 
bronchus is complete, atelectasis may occur. 


Oufcome of Bronchial Obstruction 


i. Complete expansion and resolution of chest X-ray 
findings 
li. Disappearance of the segmental lesions 
iii. Scarring and progressive compression of the lobe or 
segment leading to bronchiectasis 

A caseated lymph node may erode through the wall of 
the bronchus, leading to tuberculous bronchitis or 
endobronchial tuberculosis. Fibrosis and bronchiectatic 
changes may supervene. Discharge of bacteria into the 
lumen may lead to their bronchial dissemination. 

Hematogenous dissemination from infected lymph 
nodes occurs early in course, resulting in foci of infection 
in various organs (e.g. Simon focus in apex of the lungs). 
If the host immunity is good, these foci are contained and 
disease does not occur. Lowered host immunity, as in 
infants, severely malnourished children and immuno- 
deficiency, may lead to activation of these metastatic foci 
and occurrence of disease. Massive hematogenous seeding 
with M. tuberculosis, usually within 3-6 months after initial 
infection, leads to miliary tuberculosis where all lesions 
are of similar size. 

Pulmonary tuberculosis resulting from endogenous 
reactivation of foci of infection is uncommon in children; 
but may be seen in adolescents. The commonest site for 
this type of disease is the apex of the lung (Puhl lesion), 
because blood flow is sluggish at apex. Regional lymph 
nodes are usually not involved. Miliary and meningeal 
tuberculosis usually occur within 1 year of the primary 


lesion. 


Clinical Features 


The incubation period varies between 4 and 8 weeks. The 
onset of symptoms is insidious, but may be acute in miliary 
tuberculosis. Primary infection usually passes off 


during evaluation of intercurrent infection. Cough jg 
inconsistent and may be absent even in advanced disease 
Irritating dry cough can be a symptom of bronchial ang 
tracheal compression due to enlarged lymph nodes. 
Lymph nodes may continue to enlarge even after 
resolution of parenchymal infiltrates, and lead to 


compression of neighboring bronchi. 

Progressive primary disease (PPD) is the result of the 
progression of primary disease. Children with Ppp 
present with high-grade fever and cough. Expectoration 
of sputum and hemoptysis are associated with advanced 
disease and development of cavity or ulceration of 
bronchi. Cavitating pulmonary tuberculosis is uncommon 
in childhood. Children with endobronchial tuberculosis 
usually present with fever, troublesome cough (with or 
without expectoration). Dyspnea, wheezing and cyanosis 
may be present. Partial compression of the airway can lead 
to emphysema; features of collapse are seen with large 
airway compression. 

Miliary tuberculosis, characterized by hematogenous 
spread and multiple systemic foci, is common in infants 
and young children. The onset of illness is sudden and 
clinical features depend on the number of disseminated 
organisms and involved organs. Unlike other forms of 
tuberculosis, the child shows high-grade fever; dyspnea, 
cyanosis and altered sensorium are associated. There are 
hardly any pulmonary findings, but fine crepitations and 
rhonchi may be present. Patients often show lymphadeno- 
pathy and hepatosplenomegaly. Choroid tubercles may 
be seen in ~50% and meningitis in 20-30%. 

Pleural effusion follows the rupture of a subpleural 
focus into pleural cavity, but may also occur following 
hematogenous spread from the primary focus. The 
effusion occurs because of hypersensitivity to tubercular 
proteins. Minor effusions are usually asymptomatic. 
Tuberculous effusion is uncommon in children younger 
than 5 years of age, and is rarely associated with segmental 
lesion and miliary tuberculosis. The onset may be 
insidious or acute with fever, cough, dyspnea, pain and 4 
pleural rub. Increase in effusion may make breathing 
shallow and difficult. Early signs include decreased chest 
wall movement, impaired percussion note and reduce 
air entry on affected side. As fluid collection increase’ 
signs of pleural effusion are more definite. 


Extrathoracic Tuberculosis 

The most common forms of extrathoracic disease i” 
children include tuberculosis of the superficial lymph 
nodes (scrofula) and the central nervous system. Other 
rare forms of extrathoracic disease include osteoarticular, 
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abdominal, gastrointestinal, genitourinary, cutaneous and 
congenital disease. 

Tuberculosis of superficial lymph nodes may be 
associated with drinking unpasteurized cow milk or 
extension of primary lesions of upper lung or abdomen 
leading to involvement of the supraclavicular, anterior 
cervical, tonsillar and submandibular nodes. Although 
lymph nodes may become fixed to surrounding tissues, 
low grade fever may be the only systemic symptom. A 
primary focus is visible radiologically in 30 to 70% 
patients; tuberculin test is usually reactive. Although 
spontaneous resolution may occur, untreated lympha- 
denitis frequently progresses to caseating necrosis, 
capsular rupture, and spread to adjacent nodes and 
overlying skin, resulting in a draining sinus tract. 

Central nervous system disease is the most serious 
complication of tuberculosis and arises from formation of 
a caseous lesion in the cerebral cortex or meninges, due to 
occult lymphohematogenous spread. Infants and young 
children are likely to experience rapid progression to 
hydrocephalus, seizures and raised intracranial pressure. 
In older children, signs and symptoms progress over 
several weeks, beginning with fever, headache, irritability 
and drowsiness. The disease advances with lethargy, 
vomiting, nuchal rigidity, seizures, hypertonia and focal 
signs. The final stage of disease is marked by coma, 
hypertension, decerebrate and decorticate posturing and 
death. Rapid confirmation of the diagnosis can be difficult 
because of variable cerebrospinal characteristics, 
nonreactive tuberculin tests (40%) and normal chest 
radiographs (50%). Since better outcomes are associated 
with early institution of therapy, the diagnosis should be 
considered in any child with basilar meningitis, 
hydrocephalus or cranial nerve involvement. 

Tuberculosis of abdomen is due to hematogenous 
spread from the lungs. It may, however, be secondary to 
swallowing of the infected sputum by a patient with 
pulmonary lesions. Patients with abdominal tuberculosis 
may remain asymptomatic initially. Symptomatic patients 
show toxemia and have colicky abdominal pain, vomiting 
and constipation. The abdomen feels characteristically 
doughy; abdominal wall is not rigid but tense. The rolled 
up omentum and enlarged lymph nodes appear as 
irregular nodular masses with ascites; liver and spleen are 


often enlarged. 
Children may rarely present with hemophagocytic 
une hemolytic anemia, 


lymphohistiocytosis (HLH), imm | 
superior mediastinal syndrome, pneumothorax and 
immune reconstitution inflammatory syndrome (IRIS) in 
form of paradoxical worsening of symptoms after starting 
antituberculous drugs, especially in children with immune 


deficiency. 


Diagnosis 


The diagnosis of tuber 
Clinical features, chest roentgenogr 


culosis in children is based on 
am, tuberculin testing 


and history of contact with adult patients. Clinical features 
may be nonspecific and chest radiograph and tuberculin 
test are difficult to interpret. In addition, these do not give 
conclusive evidence for the disease. While demonstration 
of mycobacterium in various clinical specimens is the gold 
standard, this is often not possible in children due to the 
paucibacillary nature of the illness. 


History of contact: A contact is defined as a child who 
lives in a household with an adult taking antitubercular 
therapy or having taken such therapy in the past 2 years. 
A history of contact is available in less than one-third of 
the patients. Contacts can often be traced to a maid servant, 
cook, domestic aid or gardener in case of patients from 
well-to-do families with healthy parents. Tracing of 
contact is useful for confirming the diagnosis, as well as 
protection of other susceptible children from the disease. 


Loboratory Tests 


Diagnostic tests for pulmonary tuberculosis can be divided 
into 2 categories based on demonstration of: (i) M. 
tuberculosis or one of its components; (ii) host response to 
M. tuberculosis. 

Tubercle bacteria can be demonstrated by (i) Ziehl- 
Neelsen (acid-fast) staining, (ii) special stains, (iii) cultures, 
and (iv) cartridge-based nucleic acid amplification test. 
The above methods can be used on sputum, induced 
sputum, gastric or bronchoscopic lavage fluid, or pleural 
fluid. The best specimen for demonstration of M, 
tuberculosis in children is the early morning gastric aspirate 
obtained by using a nasogastric tube. For better results, at 
least two specimens of gastric aspirates are recommended. 
Fluorescence microscopy (using auramine-rhodamine 
stains) may improve yield further. In young children who 
are not able to provide sputum, that can be induced by 
nebulized hypertonic saline (3-5%). Older children may 
provide expectoration at end of the procedure. In young 
children, a nasopharyngeal aspirate is collected and 
processed like sputum for smear and culture. 


Culture: Lowenstein-Jensen (LJ) medium is the most 
widely used medium for determination of characteristic 
features of colonial morphology, growth rate and pigment 
production. Though the culture technique is simple, 7-10 
weeks of incubation is necessary for detection of 
organisms. Microscopic examination of thin layer culture 
plate may lead to detection of microcolonies of M. 
tuberculosis as early as after 7 days. The yield of culture of 
gastric aspirate varies from 30-50% in children with 
tuberculosis. In view of the excessively long period for 
M. tuberculosis by conventional culture, LJ 
y mycobacterial growth 
system, culture is 
though final result 


isolation of 
media has been replaced b 
indicator tube (MGIT) system. In this 
positive in majority by end of 2 weeks, 
is available by the end of 6 weeks. 

eic acid amplification test (CBNAAT): 


rtridge-based nucl age 
oa gf time polymerase chain reaction, 1S 


The test, based on real- 


| 245 





a 2c | 





preferred for diagnosis of pulmonary tuberculosis; results 
are available in less than 2 hours. CBNAAT identifies 
presence of M. Iberculosis and provides information on 
rifampicin resistance. The sensitivity and specificity of two 
gastric aspirates for diagnosing pulmonary tuberculosis in 
children ranges between 60-70% and 90-100%, respectively, 
[ts utility in extrapulmonary tuberculosis is lower. 


Serodiagnosis: ELISA has been used to detect antibodies 
to various antigens of the bacillus, Despite a number of 
studies, current techniques have no role for the diagnosis 
of tuberculosis in children. 


Methods to diagnose latent infection: Till date, tuberculin 
skin test was the only method to diagnose latent 
tuberculosis infection. Recently, a new test based on 
interferon gamma release assay (IGRA) has been developed. 
This in vitro test estimates a component of cell-mediated 
immunity to M, tuberculosis, based on quantitation of 
interferon-gamma (IFN-y) released from sensitized 
lymphocytes in whole blood incubated overnight with 
antigens specific for the bacterial species. Two tests are 
available: QuantiFERON” gold TB test (QFT) and ELISPOT. 
In countries with high prevalence of tuberculosis, it is 
recommended to continue using tuberculin skin test that is 
considerably Jess expensive than IGRA. 


Tuberculin skin test: The tuberculin or Mantoux test is 
commonly used to make the diagnosis of tuberculosis in 
children, Although currently available test antigens are 
not 100% sensitive or specific, no better diagnostic test is 
widely available, Infection with M. tuberculosis produces 
a delayed hypersensitivity reaction to its specific antigenic 
components. All purified protein derivative (PPD) lots are 
bioassayed to demonstrate equal potency. The standard 
test dose of a preparation is defined as dose of that product 
that is biologically equivalent to 5 TU of PPD-S or 2 TU of 
tuberculin PPD RT23. The reaction to tuberculin typically 
begins 5-6 hours after the intradermal injection and 
reaches maximal induration at 48-72 hours; vesiculation 
and necrosis are rare. 

Variability of the tuberculin test may be reduced by 
attention to administration and reading. A 26-gauge 
needle and tuberculin syringe are used to inject 0.1 mL of 
PPD intradermally into the volar aspect of the forearm. 
Forty-eight to 72 hours later, the diameter of induration 
is measured transversely to the long axis of forearm and 
recorded in millimeters. A non-reactive tuberculin test 
does not exclude latent or active tuberculosis. Numerous 
factors can diminish tuberculin reactivity, resulting in a 
false negative reaction (Table 11.6). Because some antigens 
in PPD are shared with other mycobacteria and Bacillus 
Calmette-Guerin (BCG), false-positive reactions can occur 
in those infected with other mycobacteria or following 
vaccination. Although BCG vaccination of older children 
or adults results in greater initial and more persistent 
cross-reactivity, most individuals lose cross-reactivity 
within 10 years of vaccination. Interpretation of the skin 
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\ "Table 11.6: Causes of false positive and false negative 
tuberculin skin test (Mantoux test) 


False negative results False positive results 
Infections Infections due to atypicay 
Viral (measles, mumps, chickenpox, mycobacteria 

HIV) BCG vaccination 
Bacterial (enteric fever, typhus, leprosy, Infection at the site of 
pertussis, severe TB) test 

Live vaccines (measles, mumps, polio, 

varicella) 

Chronic renal failure, liver failure 

Hodgkin disease, lymphoma, chronic 

leukemia, sarcoidosis 

Corticosteroids, immunosuppressive 

agents 

Newborn, elderly patients 


Factors related to tuberculin 
Exposure to light, heat, chemicals; 
contamination 

Improper dilution; adsorption 


Factors related to technique 
Injection of too little antigen 
Subcutaneous injection 

Delayed administration after drawing 
into syringe 

Injection close to other skin tests 
Inexperienced reader; errors in recording 


test is based on risk of infection and progression to disease 
(Table 11.7). 


BCG test: An accelerated response after injection of the 
vaccine is observed in individuals suffering from 
tuberculosis. Induration of more than 5-6 mm after 3 days 
of BCG vaccine is considered a positive reaction. However, 
due to high antigen load, there are higher chances ot false 
positive results and this test is not recommended. 


Radiology: Chest radiograph has an important role in 
diagnosis of pulmonary tuberculosis. In extrapulmonary 
tuberculosis, presence of lesions on chest radiograph 
supports diagnosis. The typical chest X-ray appearance 
of a pulmonary primary complex (PPC) is that of a 
consolidation of variable size, usually unifocal and 
homogenous (Fig. 11.15). Enlarged lymph nodes are seen 
in the hila and right paratracheal region. Adenopathy 


Table 11.7: Interpretation of Mantoux test 
Size of induration _—__ Interpretation 


<10 mm Negative; no active disease 

5-10 mm Borderline; consider positive in immuno 
compromised host: contact with adult 
patient with sputum AFB positive tuber 
culosis 

>10 mm Positive; suggests disease in presence 


of clinical features 
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alone may be the sole feature of primary tuberculosis. 

Consolidation in progressive primary disease (PPD) is 
usually heterogeneous, with poorly marginated predilec- 
tion for apical or posterior segments of upper lobe or 
superior segment of lower lobe (Fig. 11.16). There may be 
features of collapse (Fig. 11.17). Bronchiectasis may occur 
because of (i) destruction and fibrosis of lung parenchyma 
resulting in retraction and irreversible bronchial dilatation, 
and (ii) cicatricial bronchostenosis secondary to localized 
endobronchial infection resulting in obstructive pneumo- 
nitis and distal bronchiectasis. In children, cavitary disease 
is uncommon. 

Pleural effusion may occur with or without lung lesions 
(Fig. 11.18). In miliary tuberculosis, there are multiple 
lesions of size 2-5 mm (Fig. 11.19). Occasionally, the chest 
radiograph may be normal and lymphadenopathy is 





Fig. 11.15: Pulmonary primary complex (PPC) showing left hilar 
adenopathy with ill-defined parenchymal lesion 
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Fig. 11.17: Collapse with consolidation of right upper lobe 


detected on computed tomography. CT features such as 
low attenuation lymph nodes with peripheral enhance- 
ment, lymph node calcification, branching centrilobular 
nodules and miliary nodules are helpful in suggesting the 
diagnosis where the radiograph is normal or equivocal. 
Contrast MRI is useful for CNS tuberculosis, since it 
demonstrates localized lesions, meningeal enhancement, 
brainstem lesions and ventricular dilatation. 


Histopathology: Lymph nodes, liver and other tissues 
may be examined for histological evidence of tuberculosis 
by fine needle aspiration cytology. 


Diagnostic Algorithm for Tuberculosis 


The diagnosis of tuberculosis disease in children is 
challenging. Even in advanced nations, the diagnosis is 
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Fig. 11.16: Progressive pulmonary disease showing consoli- 
dation 
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Fig. 11.18: Massive pleural effusion on left side, with mediastinal shift 
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Fig. 11.19: Miliary shadows with right paratracheal adenopathy 


made by combination of a positive tuberculin test, chest 
radiograph, physical examination and history of contact 
with a patient (Fig. 11.20). Newer diagnostic methods, 
such as CBNAAT, have improved the yield of micro- 
biologically confirmed tuberculosis. 


Treatment 


The principles of therapy in children with tuberculosis 
are similar to that of adults. Medications used for treat- 


ment of tuberculosis in children are given in Table 11.8. ~~ 


Suspected pulmonary TB 


Drug Regimens hte ; 
d in the therapeutic approach, 

nges have occurred ‘ 
caaeaed tuberculosis. Short course therapy, wit 

treatment duration of 6 months, is now standarg 


practice. >. 5 <e 
The major problem in inclusion of children in Directly 


Observed Treatment Short course (DOTS) program has been 
a difficulty in demonstration of AFB and classification of 
different manifestations according to categories describeg 
for adults. A joint statement of the Indian Academy of 
Pediatrics and Revised National Tuberculosis Contro| 
Program (RNTCP) has proposed to classify children int 
two categories. Table 11.9 gives the categories of 
tuberculosis, as defined by WHO, along with Suggested 
clinical condition in children. In view of increasing INH 
resistance, use of three drugs (INH, rifampicin and 
ethambutol) instead of two (INH and rifampicin) js 
suggested during the continuation phase. 


Corticosteroids 


Additional therapy with these agents is useful in treating 
patients with CNS and rarely pulmonary tuberculosis, 
especially when host inflammatory reaction contributes 
to tissue damage. Short courses of corticosteroids are 
indicated in children with endobronchial tuberculosis 
(with localized emphysema, segmental pulmonary 
lesions or respiratory distress) and severe miliary 
tuberculosis (if alveolocapillary block is suspected). 
Significant improvement in symptoms is seen in children 


* Fever and/or cough >2 weeks 
« + Loss of weight or no weight gain 
* History of contact with suspected or diagnosed active TB 


Look for alternative cause for symptoms 







X-ray suggestive of TB 


y 











Sputum or GA positive Negative or not feasible 
Symptoms persist 


Assign to a category Repeat chest X-ray 
and treat after 2-4 weeks 
Chest X-ray suggestive of TB 
Positive tuberculin test, documented contact 


Chest X-ray and Mantoux test 


Gastric aspirate (GA), induced sputum: Smear, geneXpert, MGIT 


Assign to a category and treat 


Tuberculin positive and 
abnormal X-ray 


X-ray not suggestive of TB 
Antibiotics for 7-10 days, if has not already received 
Symptoms persist 


Gastric aspirate, induced sputum: 
Smear, MGIT, geneXpert 


Sputum positive Sputum negative 





X-ray after 2-4 weeks 


Investigate for TB, 
other diagnosis 


ee a S. 
Investigation for alternative diagnosis or screening for M. tuberculo? 
Mediastinal nodes: Chest CT; CT/ultrasound-guided aspiration. aoe 

Parenchymal lesions: Bronchoscopy; bronchoalveolar lav4 


‘ 





Fig. 11.20: Diagnostic algorithm for pediatric tuberculosis 
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"Table 11.8: Doses and side effects of antitubercular drugs 
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Dose (mg/kg/ Side effects 
day; frequency) 
Isoniazid 10-15; q 24h Hepatotoxicity, hypersensitivity rash, fever, peripheral or optic neuritis, psychosis, seizures 
Rifampicin 10-20; q 24h Nausea, vomiting, hepatotoxicity, flu-like syndrome, blood dyscrasia, arthralgia, wheezing 
Streptomycin 20-25; q 24h Ototoxicity: Vestibular or hearing loss; rash, fever, arthralgia; neuromuscular blockade, 
peripheral neuritis 
Ethambutol 15-25; q 12h Hypersensitivity reaction: Rash, fever, joint pain; optic neuritis, GI upset, confusion, dizziness 
Pyrazinamide 25-35;q 24h Gl upset, hepatotoxicity, hyperuricemia, photosensitivity, dysuria, malaise, arthralgia, fever, 
thrombocytopenia 
Ethionamide 15-20;q 12h Gl upset, hepatotoxicity, peripheral neuropathy, gynecomastia, rash, alopecia, headache, 
diplopia, tremors, hypothyroidism 
Cycloserine 15-20; q 12h Seizures, psychosis, peripheral neuritis 
Table 11.9: Standardized clinical categories for tuberculosis (TB) and clinical conditions ral 
Categories Suggested by WHO Suggested conditions (for adults) Suggested regimens? in children 
Category | New sputum positive PPC, PPD, TBL 2HRZE + 4HRE 
Pulmonary TB Pleural effusion 
Serious extrapulmonary TB Abdominal TB 
Osteoarticular TB 
Genitourinary TB 
Central nervous system TB 
Pericardial TB 
Category II Relapse Relapse 2SHRZE + 1HRZE + 5HRE 


Treatment failure 
Return after default 


Treatment failure 
Interrupted treatment 


PPC: Pulmonary primary complex; PPD: Progressive primary disease; TB: Tuberculosis; TBL: Tubercular lymphadenitis 


H isonizid, R rifampicin, Z pyrizinamide, E ethambutol, S streptomycin 


"Numerical denotes months for which the drug is to be given; e.g. 4HR is 4 months of INH and rifampicin 


All children in household of an adult patient with sputum positive tuberculosis should be screened for evidence of infection. Children exposed to 
adults with sputum positive illness should receive 6 months of isoniazid prophylaxis. 


with tuberculous pericardial effusion, but not pleural 
effusion. The medication used is prednisolone, at doses 
of 1-2 mg/kg/day for 4-6 weeks. 


Infant born to Mother with Tuberculosis 


Congenital tuberculosis is rare, the fetus infected either 


hematogenously (through umbilical vessels) or by 


ingestion of infected amniotic fluid. In the former, the 


primary focus is in the liver and in latter, the lungs. It is 


often difficult to differentiate between congenital and 
postnatally acquired tuberculosis. Infants born to mothers 


with active tuberculosis should be screened for disease 
by examination, tuberculin test and X-ray chest. If 


examination and investigations are negative for the disease, 
the infant should receive INH prophylaxis (10 mg/kg/ 
day for 6 months). The infant is examined regularly for 
features suggestive of tuberculosis. Infants with congenital 
tuberculosis are treated with 4 medications (INH, 
rifampicin, pyrazinamide, ethambutol) in intensive phase 
for 2 months, followed by 3 drugs (isoniazid, rifampicin, 
ethambutol) during maintenance for 4 months, 


Management of a Child In Contact 
with an Adult with Tuberculosis 


One-third of children with adult contacts with active 
tuberculosis show features of infection. Infection is more 
common in younger children, and those with severe mal- 
nutrition, absence of BCG vaccination, sputum positive 
contacts and exposure to tobacco smoke. Children <5-year- 
old who are in contact with adult patients with pulmo 
tuberculosis should receive INH prophylaxis (10 mg/kg/ 
day for 6 months) after excluding presence of disease. 


Monitoring of Therapy 


Response to treatment is judged by clinical, radiological, 
bacteriological and laboratory assessment. 


Clinical Criteria 


Clinical improvement judges the response of therapy. The 
child should be seen every 2-4 weeks initially, then every 
4-8 weeks. Most children show improvement in symptoms 
(fever, cough, appetite, well being) within a few weeks. The 
child is examined for weight gain and improvement in chest 
findings. Compliance to therapy should be ensured. 
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In presence of unsatisfactory response or worsening of 
features, the initial basis of diagnosis is reviewed, 
especially if there are no issues with compliance. The 
possibility of drug resistant tuberculosis should be 
considered. Following completion of therapy, patients are 
reviewed every 3-6 months for 2 years. 


Radlological Criteria 


Clinical improvement precedes radiological clearance. The 
first chest X-ray is done after 8 weeks’ therapy, i.e. at the 
end of intensive phase. In patients who show increase or 
little change in radiological features coupled with delayed 
clinical response, prolongation of intensive phase by one- 
month is suggested. Further films are taken after 4 weeks 
and child, if better, should be shifted to continuation 
phase; else the patient is investigated for failure of 
treatment and drug resistance. The degree of radiological 
clearance is graded as: (i) complete, (ii) moderate (4 —Krd 
clearance), (iii) mild (4rd decrease in size), or (iv) no 
clearance or appearance of new lesion(s). One need not 
treat till complete radiological clearance, since improve- 
ment may continue even after stoppage of therapy. 


Microbiological Criteria 


Childhood tuberculosis is paucibacillary. In children, 
where isolation of M. tuberculosis was possible at the time 
of diagnosis, efforts are made to document disappearance 
of bacilli during therapy. If smear was positive initially, 
repeat sampling is done at 2 and 6 months. 


suspecting Drug-Resistant Tuberculosis 


Children in the following categories are at risk of develop- 
ing drug resistant tuberculosis: Contact with adult patients 
with proven drug resistance; irregular treatment or recent 
death due to tuberculosis; children not responding to 
standard antitubercular therapy; children who respond 
initially but later show deterioration. Appearance of new 
lymph nodes on treatment, and persistence or isolated 
non-clearance of radiologic shadows are not considered 
indicators of drug resistant tuberculosis. 


Drug-Reslstant Tuberculosis 


Clinicians should neither miss nor overdiagnpse the 
disease. Problems with overdiagnosis of drug-resistant 
tuberculosis are multiple: Second-line drugs are less 
effective; they have more side effects; and are expensive. 
A physician may suspect drug resistance based on the 
above criteria, but before making a diagnosis, all attempts 
are made to demonstrate AFB from appropriate samples 
and obtain culture and sensitivity. If the diagnosis is 
confirmed or not established, these patients must be 
referred to centers treating patients with drug resistance. 
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Mycobacteria Other than Tuberculosis (MOTT) 


Atypical mycobacteria or non-tuberculous mycobacteria 
(NTM) or mycobacteria other than tuberculosis (MOTT) 
are environmental pathogens that are being increasingly 
recognized as cause of human disease. These bacteria are 
classified depending on the rapidity of growth in media 
as rapid growers which grow within 7 days and slow 
growers, as those which take longer to grow. Acquisition 
is through contact with the environment; human-to- 
human or animal-to-human transmission almost never 
occurs. Though asymptomatic infection can occur, there 
is no recognized latent infection or reactivation disease. 
NTM infections may occur in previously healthy or those 
with underlying immunodeficiency, like HIV. 


Lymphatic disease is the most common manifestation 
of NTM disease in children. It usually presents as painless 
cervical adenitis in children aged 1-5 years with no 
systemic symptoms. The main differential is tuberculous 
lymphadenitis. The definitive diagnosis is by culture; the 
usual causative organisms are MAC (Mycobacterium avium 
intracellulare), M. scrofulaceum and M. hemophilium. 
Treatment is complete excision of the lymph nodes. 


Pulmonary disease due to NIM occurs in adults with 
underlying pulmonary problems and is usually due to 
MAC, M. kansasii and M. abscessus. Disseminated NIM 
disease, mainly in adults and less commonly children with 
advanced HIV infection, is usually due to MAC and 
presents as fever, weight loss, night sweats, abdominal 
pain, diarrhea and anemia. Blood cultures are positive. 
Skin and soft tissue infections are usually a consequence 
of trauma or health care procedures, These are usually 
due to M. abscessus, M. chelonae, M. fortuitum, M. ulcerans 
and M. marinum. They have been implicated in infections 
following injections, central lines, peritoneal dialysis 
catheters, laparoscopy, liposuction, cosmetic procedures, 
implants and prosthesis, LASIK and surgery. These 
mycobacteria species are usually hardy, resist the 
commonly used disinfectants and hence occur when 
surgical (chiefly laparoscopic) equipment is rinsed with 
tap water and inadequately disinfected. Usually thesé 
infections present as indolent abscesses that do not 
respond to the usual antibiotics, 
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Microbiologic diagnosis of NTM infections is possible 
in specialized laboratories where identification and 
apeciation is done by advanced biochemical or molecular 
methods. Treatment depends on the causative organism 
and its sensitivity, MAC is usually treated with combina- 
tion therapy consisting of a macrolide (clarithromycin / 
azithromycin), tifampicin, ethambutol and during initial 
stages With an aminoglycoside for 12-18 months, 
Treatment of the rapidly growing mycobacteria (M. 
alscessus, AL. chelonae, M, fortuitum) includes a combination 
of clarithromycin, quinolones, aminoglycosides, 
tobramycin, amikacin, imipenem, minocycline, linezolid 
and clofazimine. 
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RICKETTSIAL AND MYCOPLASMA INFECTIONS 
Rickettsial Infections 


Rickettsial diseases are a group of febrile illnesses caused 
by obligate intracellular gram-negative bacilli and 
transmitted to man by arthropod vectors. Rickettsial 
diseases are often under diagnosed due to poor awareness. 


Epidemiology 


Rickettsia are a group of motile, gram-negative, nonspore- 
forming, highly pleomorphic bacteria that present as cocci, 
rods or thread-like obligate, intracellular parasites. 
Rickettsia are classified on basis of clinical features and 
epidemiology into the typhus group (epidemic typhus, 
endemic typhus and scrub typhus), the spotted fever 
group (Rocky mountain spotted fever, Indian spotted 
fever), Q fever, trench fever and ehrlichiosis. Scrub typhus 
Caused by R. tsutsugamushi, Indian spotted fever caused 
by R. conorii and Q fever caused by C. burnetii are prevalent 





in India, Cases have been reported from all states chiefly 
from rural and forested areas and occasionally also urban 
areas. 

Scrub typhus is transmitted by bite of the trombiculid 
mite and Indian spotted fever by ticks. Rickettsial disease 
is due to invasion of the endothelial region of the 
vasculature and subsequent microvasculitis. This process 
especially affects the brain, cardiac and skeletal muscle, 
skin, liver, lungs and kidneys, 


Clinical Manifestations 


Incubation period varies from 2 to 14 days. A history of 
exposure to ticks, history of origin from an endemic area 
or asimilar illness in family members may be forthcoming. 
Severity of manifestations varies from a mild, self-limiting 
illness to a life-threatening disease, 

Initially, the illness appears to be nonspecific and patients 
present with unrelenting headache, very high fever, 
anorexia, myalgias, restlessness, calf muscle pain and 
tenderness. Gastrointestinal symptoms include abdominal 
pain, nausea, vomiting, and diarrhea. Skin rash is usually 
not present until after 2+ days of illness. The typical triad 
of fever, headache and rash is observed in only half of the 
patients. In spotted fever, rash is initially discrete pale rose 
red blanching macules or maculopapules on the extremities. 
Later, the rash spreads to involve the entire body including 
palms and soles and may be petechial or present as palpable 
purpura (Fig. 11.21). In severe form of the disease, petechiae 
may enlarge into ecchymosis, which can become necrotic. 
Severe vaso-occlusive disease secondary to rickettsial 
vasculitis and thrombosis is infrequent but can result in 
gangrene of the digits, toes, earlobes, scrotum, nose or entire 
limbs (Fig. 11.21). In scrub typhus, rash is seen initially on 
trunk or may not be present at all. Painless eschar, the tache 
noire, at the initial site of tick attachment is seen in scrub 
typhus. 

Complications may involve any organ system and 
include encephalopathy, pulmonary edema, myocarditis, 
hepatic failure, acute renal failure and vascular collapse. 





Fig, 11.21: Spotted fever showing: (a) Maculopapular rash on the soles: (b) Necrotic rash chlefly In gluteal region and legs;and 


(c) Gangrene of digits of hand, earlobe (Courtesy: Dr Atul Kulkarni, Sholapur) 
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Laboratory Diagnosis 


Total leukocyte count is initially normal or low but 
leukopenia develops as the disease progresses. Anemia, 
thrombocytopenia, hyponatremia and elevated serum 
aminotransferases are seen. Specific diagnosis of a 
rickettsial illness is confirmed by serological testing. 
Serological evidence of infection occurs not earlier than 
the second week of illness; hence a specific diagnosis may 
not be available until after the patient has fully recovered 
or worsened, The gold standard for serodiagnosis is the 
immunofluorescence assay for detection of IgG and IgM. 
ELISA is specific and sensitive allowing detection of IgG 
and IgM antibodies. The Weil-Felix test is an agglutination 
test that detects antibodies to various Proteus species 
containing antigen with cross-reacting epitopes to 
members of the genus Rickettsia. The test, however, has 
low sensitively and specificity. 

If clinical suspicion for rickettsia is high, then empiric 
therapy should be started without waiting for a 
confirmatory test. 


Differential Diagnosis 


Spotted fever can mimic a number of febrile illnesses. Most 
important of these are meningococcemia, typhoid fever, 
dengue fever, malaria, measles, secondary syphilis, 
leptospirosis, toxic shock syndrome, scarlet fever, rubella, 
Kawasaki disease, parvoviral infection, idiopathic thrombo- 
cytopenic purpura, thrombotic thrombocytopenic purpura, 
hemolytic uremic syndrome, Henoch-Schonlein purpura, 
hepatitis, dengue fever and infectious mononucleosis. 


Treatment 

Doxycycline is the drug of choice for all age groups even 
in children below 8 years. Therapy should continue for a 
minimum of 5-7 days and for at least 3 days until the 
patient is afebrile in order to avoid relapse. Patients 
usually become afebrile within 48 hours and thus the entire 
therapy lasts for less than 10 days. In patients with severe 
disease, admission to an intensive care unit and 
appropriate supportive therapy may be required. 


Prevention 

No vaccines are available. Known tick infested areas 
should be avoided. Daily inspection of body for ticks is 
particularly important. Health education of people about 
mode of transmission by ticks and means of personal 
protection is important. Prophylactic antimicrobial 
therapy is not recommended. 
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Mycoplasma Infections 


Etlology 

Mycoplasma are the smallest free-living life forms in 
nature. The most important species causing human 
disease is M. pneumoniae. The genital mycoplasmas (M 
hominis and Ureaplasma urealyticum) are associated With 
genital tract disease in adults and sometimes neonatal] 


disease. 


Epidemiology 

Newborns can get infected by genital mycoplasma during 
delivery. M. pneumoniae can infect children of any age but 
disease is uncommon below 3-5 years. In school-aged 
children and adolescents, it causes up to 30-40% of all 
community-acquired pneumonia and almost 20% of 
pneumonia requiring hospitalization. 


Clinical Manifestations 


The commonest manifestations of mycoplasma disease are 
low grade fever, cough, headache, malaise, pharyngitis, 
rhinorrhea and sometimes otitis media. Pneumonia is 
associated with a few clinical signs and is of varying 
severity. Patients rarely appear ill and hence the term 
“walking pneumonia”. There is marked disparity between 
the clinical symptoms and signs and the radiographic 
picture. The radiographic picture is variable; the most 
common finding is thickened bronchial shadow, streaks 
of interstitial infiltration, and areas of atelectasis primarily 
in lower lobes. One-third children have hilar adenopathy. 
Pleural effusions occur in 5—20% of the cases. In some 
children, fulminant pneumonia and respiratory failure 
may occur. 

Extrapulmonary manifestations can coexist, follow or 
occur independently of respiratory disease and include 
dermatologic features (morbilliform rash, papulovesicular 
exanthem, erythema nodosum, erythema multiforme, 
Stevens-Johnson syndrome), neurologic manifestations 
(encephalitis, aseptic meningitis, transverse myellt!s, 
peripheral neuropathies and radiculopathies) and cold 
antibody-mediated immune hemolytic anemia. Rarely, the 
GIT, heart, kidneys and joints may be involved. 

Neonates with genital Mycoplasma infection may 
present with cough/wheezing or sepsis, meningitis and 
brain abscess. 


Diagnosis 


Complete blood count shows aneniia, leukocytosis with 
neutrophilia and elevated ESR. Liver transaminases ¢2" 
be mildly elevated. Cold agglutinins may be present. 
Specific diagnosis is most commonly done by demonst!" 
tion of antimycoplasma IgM by ELISA. IgM antibodies 
appear usually 7 days after infection and may be negative 
in early disease. They remain elevated for a long time 
Mycoplasma-specific PCR from respiratory secretions 1s 
very sensitive and specific but expensive and not easily’ 
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available. Most multiplex PCR kits for diagnosis of 
respiratory infections include Mycoplasma. 


reaiment 


since Mucoplasma lack cell walls, all cell wall active 
antibiotics including beta lactams are inactive. Macrolides 
are the drugs of choice; recommended regimens include 
azithromycin 10 mg/kg in one dose on the first day and 
5mg/kg in one dose for four days, clarithromycin 15 mg/ 
kg/day in two divided doses for 10 days, or erythromycin 
30 to 40 mg/kg/day in four divided doses for 10 days. In 
children older than 8 years, tetracycline 20 to 50 mg/kg/ 
day in four divided doses (maximum daily dose 1 to 2 g) 
and doxycycline 2 to 4 mg/kg/day in one or two divided 


doses (maximum daily dose 100 to 200 mg) for 10 days 
are also effective. 


The role of anti-Mycoplasma therapy in improving the 
outcome of mycoplasma pneumonia is controversial. 
Nonetheless, empiric treatment for Mycoplasma should be 
considered in children older than 5 years presenting with 
suspected mycoplasma pneumonia, those who are not 
responding to standard beta lactam therapy and possibly 
those with severe/very severe pneumonia. 


Extrapulmonary Mycoplasma infection is often immune- 
mediated and may need additional therapeutic modalities 
including steroids and plasmapheresis. 


suggested Reading 
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FUNGAL INFECTIONS 


Fungi have become an increasingly common cause of 
disease in humans. Superficial fungal infections are 
detailed in Chapter 26. We discuss some of the serious 
invasive fungal infections, including invasive candidiasis, 
aspergillosis, mucormycosis and cryptococcosis. 


Invasive Candidiasis 


The major infection causing species of Candida are 
C. albicans, C. tropicalis, C. parapsilosis, C. krusei and 
C. glabrata. It commonly causes superficial infections such 
as thrush, vaginitis, paronychia, etc. Colonization with 
Candida at mucosal sites in patients on antibiotic therapy 
is also common. Invasive infections with Candida usually 
happen as nosocomial infections in individuals with 
impaired defenses such as preterm neonates in the 
neonatal intensive care unit, critically sick children in 
the pediatric intensive care unit and children with cancer 
on chemotherapy or following stem cell transplant. The 
Usual risk factors for invasive candidiasis include 
Prolonged intensive stay, broad-spectrum antibiotic 
erapy, renal failure, corticosteroid and other 

unosuppressive therapy, renal failure, use of total 





parenteral nutrition especially intralipids, neutropenia, 
central venous catheters, etc. Commonest form of 
invasive candidiasis is bloodstream infection and less 
commonly meningitis, endocarditis, osteomyelitis and 
septic arthritis. Clinical features are similar as bacterial 
sepsis and outcomes are poor, if therapy is not initiated 
early. 

Diagnosis is primarily by fungal blood cultures which 
are only 50% sensitive. It is, therefore, important to have 
a high index of suspicion so that empirical therapy may 
be started early in patients with high likelihood of 
infection. 

Fluconazole is the drug of choice especially because of 
low cost, ease of administration and availability of oral 
switchover. However, there has been a recent increase in 
incidence of infection by fluconazole-resistant Candida for 
which treatment with drugs like amphotericin B, 
echinocandins may be required. At the same time, 
isolation of Candida from non-sterile sites like tracheal 
secretions, urine and stool is common in critically sick 
children and should not be treated unless other features 
favoring invasive infection are present. 


Aspergillosis 


Aspergillus is a ubiquitously distributed filamented 
fungus; the two common species causing human infection 
are A. fumigatus and A. niger. Aspergillus causes certain 
non-invasive infections like otomycosis, sinusitis, 
aspergilloma and allergic bronchopulmonary aspergillosis. 
More sinister is invasive aspergillosis which can have 
mortality as high as 50%. Invasive aspergillosis always 
occurs in the immunocompromised; common pre- 
disposing factors include patients with cancer undergoing 
chemotherapy and resultant neutropenia, stem cell 
transplant recipients and patients on other immuno- 
suppressive drugs. Common sites of involvement are the 
lungs (Fig. 11.22) and sinuses. Clinical symptoms and signs 
depend on the site of involvement. Diagnosis is primarily 
by radiology and histopathologic demonstration of the 
invasive hyphae in biopsy samples and finally by culture. 
Estimation of galactomannan in serum/bronchoalveolar 
lavage samples has emerged as a non-invasive diagnostic 
test. Treatment should be aggressive. The drug of choice 
is voriconazole. Other options are amphotericin B and caspo- 
fungin. Fluconazole has no activity against Aspergillus. 
Surgical resection may be required in non-responding cases. 


Mucormycosis 


Mucormycosis refers to infection with the filamented fungi 
of the genus Mucor and Rhizopus. The hyphae are broad 
and aseptate unlike those of Aspergillus that are narrow 
and septate. Mucormycosis is an invasive infection that 
primarily occurs in patients with risk factors such as 
diabetic ketoacidosis, cancer chemotherapy, transplant 
recipients, iron overload and receipt of immuno- 
suppressive drugs. Sites of involvement are mainly the 
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Fig. 11.22: Multiple air space opacities with imegulor borders 
and intemal cavitation suggestive of invasive aspergillosis 


nasal sinuses and less commonly pulmonary, gastro- 
intestinal and skin/soft tissue. Infection can sometimes 
occur due to direct inoculation in traumatic/surgical 
wounds and injection sites. Clinical features depend on 
the site involved; in the nasal form pain, swelling, bloody 
discharge and presence of blackish eschars on nasal 
examination are common. Confirmation of diagnosis is by 
demonstration of the characteristic hyphae on histopatho- 
logy and fungal cultures. Treatment includes radical surgical 
debridement, antifungal therapy with amphotericin B and 
correction of underlying predisposing factors. 


Cryptococcosis 


Infection with Cryptococcus neoformans is commonly seen 
in HIV-infected individuals with advanced immuno- 
suppression and less commonly in other immuno- 
compromised patients such as those on long-term 
steroids, or those with CD4 lymphocytopenia. Rarely, it 
may occur in the immunocompetent (usually due to C. 
gattii). The disease most often affects the central nervous 
system; pulmonary and disseminated forms are less 
common. Clinical symptoms include headache, vomiting, 
altered sensorium, signs of meningism and less 
commonly neurologic deficits. CSF is usually under 
increased pressure and has high protein with pleocytosis. 
The diagnosis is confirmed by demonstrating cryptococa 
in the CSF by India ink, cryptococcal antigen testing and 
finally culture. Treatment includes antifungal therapy 
with amphotericin B and flucytosine for 2 weeks followed 
by fluconazole for prolonged periods. Reduction of 


elevated pressure by serial lumbar punctures is also 
crucial. 
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PROTOZOAL INFECTIONS = 


Malaria 

Malaria the most important protozoal diseas of man jy, 
caused by the genus Plasmodium. There are forur Species 
pathogenic to man, P. vivax, P. falciparum, p. malariae and 
P. ovale of which the first two occur in India. Most of the 
malaria deaths are attributable to P. falciparum. 


Epidemiology 


Malaria is an important tropical disease, afflicting 
350-500 million patients annually with over one million 
deaths. Of regions endemic for malaria, >70% cases are in 
Sub-Saharan Africa. Malaria is also an important cause of 
morbidity and mortality in South Asia including India. 
The National Vector-Borne Disease Control] Program 
reported around 0.8 million cases of malaria in India in 
2014 with some 300 deaths; 60% of the cases were due to 
P. faciparum. Large number of cases are reported from 
Orissa, Chhattisgarh, West Bengal, Karnataka, Jharkhand, 
Madhya Pradesh, Uttar Pradesh, Assam, Gujarat and 
Rajasthan. About 10% cases are reported from the urban 
areas, due to construction activities, population migration, 
and inappropriate water storage and disposal 


Transmission 


The infectious stage of the parasite, the sporozoite, 
transmitted to the host by the bite of the female Ancr*? 
mosquito. Six species of anopheline mosquitoes zre 
important in the transmission of the disease, narm<ly 
Anopheles culicifacies (rural), A. fluvitalis, A. steph27i 
(urban), A. minimus, A. philippinesis and A. sundaicu:. To 
enable development of parasites in the vector’s body 2nd 
make it capable of transmitting the disease, the vector =u 
be susceptible, feed on human blood and lixe at leas’ “or 
10-12 days after an infective blood meal. The vector shold 
be present in large number or sufficient density to be of 
importance. Resting habits of the mosquito are important 
for planning control measures. Mosquitoes usually b:2<4 
in edges of streams, water tanks, pits, cisterns and over 
head tanks. A. stephensi breed in wells, cisterns, founte7 
and overhead tanks, A_ fluviatilis in moving water and 4 
sundaicus in brackish water. Breeding sites such 25 
burrowed pits, pools, ponds, marshy areas and unregulz‘ed 
irrigation channels are conducive to mosquito breeding 
and spread of malaria. Mosquitoes thrive best i” 
temperature between 20 and 30° C relative humidity 60% 
and in areas with good rainfall. The peak transmission 
season of malaria is between July and November. Malar 
is uncommon at altitudes over 2000 m above sea level 
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Efficient vectors are those that bite humans in 
reference to cattle, have high biting rates and where the 
duration of sporogony is shorter and who are long lived 
(hence they outlive sporogony). More efficient the vector, 
ater the burden of malaria; A. gambiae the vector in Sub- 
Saharan Africa is a very efficient vector and is largely 
responsible for the huge burden of malaria in that area. 


Life Cycle of Parasite 
Humans 


Hepatic or tissue phase: When an infectious mosquito bites 
a human, it injects sporozoites, which circulate and invade 
hepatocytes and reticuloendothelial tissues within 
30 minutes of the bite. During hepatic infection, P. vivax 
produces 2000-15000 merozoites and P. falciparum 
produces 40000 merozoites by repeated divisions. These 
merozoites are released and invade erythrocytes at end 
of the hepatic phase. The first hepatic phase is 
asymptomatic and constitutes the incubation period. This 


cycle lasts at least 10 days (1-2 weeks for falciparum 
infection). 


Erythrocytic phase: After replication in the liver 
(exoerythrocytic schizogony), the parasites undergo 
asexual multiplication in the erythrocytes (erythrocytic 
schizogony). In erythrocytes, parasites develop into ring 
forms, mature trophozoites and then multinucleated 
schizonts, which rupture and release more merozoites. 
Repeated cycles of erythrocyte invasion and rupture lead 
to chills, fever, headache, fatigue, and signs of organ 
dysfunction. 

A key feature of the life cycle of P. falciparum is 
cytoadherence, whereby erythrocytes infected with 
mature parasites adhere to endothelial cells in the 
microvasculature. This process is presumably 
advantageous to the parasite, since it prevents the passage 
of abnormal erythrocytes through the spleen. High 
concentrations of P. falciparum infected erythrocytes in the 
microvasculature and a complex interplay of host and 
Parasite factors lead to the manifestations of severe 
malaria, including cerebral malaria, noncardiogenic 
pulmonary edema and renal failure. Because of the ability 
of mature P. falciparum organisms in the erythrocytic stage 
to adhere to endothelial cells, only ring forms circulate 
(except in very severe infections), and levels of peripheral 
Parasitemia may be low despite substantial infection. 


Gametocytic phase: After several stages of schizogony, 
some merozoites are converted to gametocytes (Fig. 
11.23) which are taken up by the mosquitoes. They do 
Not cause symptoms but are responsible for transmission 
of malaria. 


Exoerythrocytic phase: Termination of the erythrocytic 
Schizogony does not necessarily terminate the infection 
With malaria because merozoites of P. vivax, but not those 
OF, fal ciparum, may go into a dormant stage (hypnozoite) 






i 


Fig. 11.23: Gametocyte of P falciparum 


in the liver and cause relapses by invading the 
bloodstream weeks or even years later, This intermittent 
release of schizonts in case of P. vivax and P. ovale may 
last for 2-3 years and for P. malariae for 10-20 years. 


Mosquito: The gametocytes are ingested by an Anopheles 
mosquito during a blood meal. The gametocyte forms 
survive in the stomach of the mosquito; all other stages 
are destroyed. The parasites’ multiplication in the 
mosquito is known as the sporogonic cycle. While in the 
mosquito stomach, fertilization of female gametes 
generates motile and elongated zygotes (ookinetes) that 
invade the midgut wall and develop into oocysts (resting 
stage). These oocysts grow, rupture and release 
sporozoites that reach the mosquito salivary glands. 
Inoculation of the sporozoites into a human host 
perpetuates the life cycle. 


Immunity Against Malaria 


Innate and acquired resistance: Innate resistance in 
malaria may be due to differences in the surface receptor, 
intraerythrocytic factors or yet unknown causes. 
Epidemiologic observations suggest that patients with 
sickle cell trait, thalassemia and glucose-6-phosphate 
dehydrogenase deficiency are relatively immune to 
malaria. Homozygotes of sickle cell disease are not 
protected from malaria but heterozygotes are immune. 
Variations in HLA frequency may also determine the 
prevalence of malaria. 

Acquired immunity against malaria is both cell- 
mediated and humoral. The first response to malarial 
infection is phagocytosis in the spleen or the hyperplastic 
reticuloendothelial cells of the parasitized erythrocytes. 
IgM antibodies against the merozoites help in opsono- 
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phagocytosis of the RBC in spleen. Malarial immunity in jj) Table 11-10: Criteria for severe malaria) 7 
endemic areas increases with age and disappears when 9 
the individual leaves the endemic area; a phenomenon Cine) HOOg 


known as premunition. Impaired consciousness oF unarousable coma 


Prostration; generalized weakness; patient unable walk o, sit 
Clinical Features up without assistance 
Failure to feed 

The clinical manifestations and severity of malaria depend Multiple convulsions—more than two episodes in 24 hours 
largely on the species of the parasite and endemicity of Deep breathing, respiratory distress; acidotic breathing 
disease. Most cases of severe or complicated malaria are Circulatory collapse or shock; systolic pressure <70 mm Hg 
due to P. falciparum; there are increasing number of reports _—_ (adults) and <50 mm Hg (children) 
due to severe disease by P. vivax. In highly endemic areas Clinical jaundice and evidence of other vital organ dysfunction 
with “stable malaria” such as Sub-Saharan Africa, children Hemoglobinuria 
below 5 years and pregnant women are most affected with Abnormal spontaneous bleeding 
severe anemia and cerebral malaria being prominent Pulmonary edema 
manifestations. In areas of lower endemicity including Laboratory findings 
most areas of India, all ages including childrenand young — Hypoglycemia (blood glucose <40 mg/dL) 
adults are affected. Metabolic acidosis (plasma bicarbonate <15 mEq/L) 

The incubation period of malaria varies between9 and Severe normocytic anemia (Hb <5 g/dL, packed cell volume 
30 days, being the least for P. falciparum and longest for P. <15%) 
malariae infections. The onset of the disease is sudden with Hemoglobinuria 
fever, headache, loss of appetite, lassitude and pain in the Hyperparasitemia (>2% or 100 000/uL in low intensity 
limbs. The fever may be continuous orremittentforseveral transmission areas; >5% or 250 000/uL with high stable malaria 
days before it becomes classically intermittent. The illness, transmission intensity) 
then, is characterized by a cold stage (chills and rigors with Hyperlactatemia (lactate >5 mmol/L) 
headache, nausea, malaise and anorexia); hot stage (dry Renal impairment (serum creatinine >3 mg/dL) 
flushed skin, rapid respiration and marked thirst); and ras er 
sweating stage (temperature falls by crisis). In most recommended, if the clinical suspicion for malaria is high 
children, the classic intermittent fever is not seen. and the initial smear is negative. 


On basis of severity, malaria is classified as Rapid diagnostic tests (RDTs) have revolutionalized the 
“complicated or severe” and uncomplicated malaria. _ diagnosis of malaria and obviated other methods such as 
Severe malaria can affect virtually every organsystemand —_ quantitative buffy coat (QBC) and acridine orange stains. 
has a mortality rate of approximately 20%. The criteria These tests detect malaria antigens (PfHRP2/PMA/ 
for severe malaria are listed in Table 11.10. Presence of — pL DH/aldolase) from asexual and/or sexual forms of the 
any of the criteria with asexual parasitemia with P. _ parasite as color changes on antibody coated lines on the 
falciparum or P. vivax classifies malaria as severe and __ strips (Fig. 11.24) In general, these are quick and simple 
should be treated as such. Presence of thrombocytopenia to use, distinguish between the major forms of human 





alone is not a criteria for defining severe malaria. malaria, and are useful when reliable microscopy is not 
available. Disadvantages include cost, lower sensitivity 
Diagnosis than microscopy (detect 100-200 parasites/L), variation 


in quality from batch-to-batch and need for rigorous 
storage conditions. In addition, they do not give informe 
tion on the parasite load and cannot be used to monitor! 
response. The OptiMAL test based on detection of parasite 
LDH and tests based on plasmodium aldolase are supen'™ 


Specific diagnosis: The gold standard for diagnosis of 
malaria is careful examination of a properly prepared thick 
film. Thick smears have sensitivity of detecting 
5-10 parasites/pL. Thin smears have a lower sensitivity 
of 200 parasites/pL but enable species identification. 


Microscopy also provides information about the parasite (a 
load (number of infected red cells/total red cells), ; | Negative 
prognosis (mature schizonts and pigmented neutrophils a ee 

indicating a poor prognosis) and tracks response to a | 
therapy. Additionally peripheral smears are cheap and ie a | | P. vivax 


readily available. The main drawback is need for expertise 

and that they are time consuming (careful examination of a | | | P falciparum 
100 fields needs 20 minutes). Sometimes peripheral smears a ee 

may be negative due to partial antimalarial treatment or —_ Fig, 11.24: OptiMAL test for rapid diagnosis of malar’ 
sequestration of parasitized cells in deep vascular beds. _— Expected reaction patterns on the OptiMAL test strip fo! 
Repeating smears every 6-8 hourly at least three times is negative patient, and patients with vivax and falciparum me es 
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to the Parasight F test, which is based on detection of HRP2 
antigen of P. falciparum as the latter is positive even in past 
infection and cannot be used to diagnose P. vivax malaria. 


polymerase chain reaction (PCR) has been found to be 
highly sensitive and specific for detecting all species of 
malaria, particularly in cases of low level parasitemia but 
ig not available commercially and hence of limited 
practical utility. 


Test useful for disease management and assessing severity: 
These include complete blood counts, prothrombin time; 
blood levels of glucose, electrolytes, pH, bicarbonate, 
anion gap, lactate, bilirubin transaminases and creatinine. 
A chest X-ray is done in patients with respiratory distress; 
urinalysis is also required. Blood cultures should be sent 


in patients presenting with shock. Repeated assessments 
of blood glucose are important. 


Differential Diagnosis 


Common differentials include other tropical and monsoon 
infections like typhoid fever, leptospirosis, dengue, viral 
hepatitis, influenza, chikungunya and rickettsial 
infections. Cerebral malaria should be differentiated from 
other causes of acute febrile encephalopathy such as 
meningitis and encephalitis. Patients with algid malaria 
(those in shock) mimic meningococcemia and gram- 
negative shock. 


Treatment of Uncomplicated Malaria 


In a setting of suspected uncomplicated malaria, 
establishing a lab diagnosis is a must before giving 
empirical therapy. This is to prevent irrational therapy 
and consequent drug resistance and also to avoid missing 
other causes of febrile illness. 


Vivax malaria: The drug of choice for managing vivax 
malaria is chloroquine. Resistance to chloroquine has been 
rarely reported in India. The total dose is 25 mg /kg; first 
dose is 10 mg/kg, followed by 10 mg/kg after 24 hours 
and 5 mg/kg at 48 hours (Table 11.11). Fever should be 


Chloroquine (tablets 250 mg salt with 150 mg base; syrup 
50 mg base/5 mL) 
Primaquine (7.5/15 mg tablets) 


Artemether and lumefantrine (tablets having 20 mg artemether 
and 120 mg lumefantrine; syrup artemether 40 mg and 240 mg 
lumefantrine per 5 mL) 


Artemether (syrup 40 mg/5 mL) 
Mefloquine (250 mg tablets) 
Pyrimethamine sulfadoxine 
Doxycycline 

Clindamycin 

Quinine (tablets contain 300 mg) 


Table 11.11: Drug doses for oral antimalarial drugs _ 


brought down before giving chloroquine to reduce the 
risk of vomiting. Radical therapy with primaquine is 
indicated for vivax malaria to eliminate the exoerythro- 
cytic stages in liver and reduce risk of relapses. Primaquine 
(0.25-0.3 mg/kg/day for 14 days) also has schizonticidal 
effect and is given as combination therapy for vivax 
malaria with chloroquine. G6PD level should be checked 
prior to administering primaquine. For patients who 
relapse despite standard primaquine, higher doses (0.5- 
0.75 mg/kg) can be used. Primaquine is contraindicated 
in those with severe G6PD deficiency, infants, pregnant 
and breastfeeding women. In patients with mild G6PD 
deficiency, 0.75 mg/kg can be given weekly for 8 weeks. 
For patients who cannot be given primaquine, relapses 
may be prevented by administering chloroquine as 
suppressive therapy at a dose of 10 mg/kg weekly for 3-6 
months. 

Quinine and pyrimethamine sulfadoxine do not have 
adequate activity against vivax malaria and should not 
be used for treatment. The combination of artemether with 
lumefantrine is associated with higher risk of relapse in 
vivax malaria as compared to chloroquine; new combina- 
tions of dihydroartemisinin piperaquine or arterolane 
piperaquine are better. 


Uncomplicated falciparum malaria: Falciparum malaria 
should always be treated with combination therapy, in 
view of its efficacy and lower risk of emergence of 
resistance. Both agents should have an independent mode 
of action and should be effective in the area where they 
are used. Pyrimethamine sulfadoxine is not combination 
therapy as both partner drugs have similar mechanism 
of action. Similarly, if an area has resistance to 
pyrimethamine sulfadoxine and mefloquine, then these 
should not be used as part of combination therapy. 
Artemisinin-based combination therapy (ACT) is the 
treatment of choice for falciparum malaria (Table 11.9). 
Artemisinin (qinghaosu) is the antimalarial extract isolated 
from Artemisia annua. Artemisinin and its derivatives 
(artemether, artesunate, arteether) are the most rapidly 


A > -r? «<2? —_ 
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Loading dose; 10 mg/kg of base; 10 mg/kg after 24 hours and 
then 5 mg/kg at 48 hours 

0.25-0.75 mg/kg 

Weighing 5-14 kg, 15-24 kg, 25-34 kg and >34 kg is 1, 2,3 
and 4 tablets, respectively. Administer 0, 8, 24, 36, 48 and 60 
hours1.7 mg/kg of artemether twice daily for 3 days 


4 mg/kg/day single dose 

25 mg/kg; two doses of 15 mg/kg and 10 mg/kg 8 hours apart 
1.25 mg/kg of pyrimethamine single dose 

3.5 mg/kg/day 

10 mg/kg/day twice daily 

10 mg/kg thrice daily 
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acting of all antimalarials; they also have wide spectrum 
antimalarial effect from ring forms to mature trophozoites 
(like chloroquine and unlike quinine that acts only on 
mature forms). Artemether lumefantrine is the most 
commonly used oral ACT. Other drugs such as metlo- 
quine, amodiaquine and pyrimethamine-sulfadonine may 
be used in combination with artesunate in areas where 
resistance to these drugs is uncommon, Arterolane maleate 
plus piperaquine phosphate is also an atfective ACT, Oral 
quinine with clindamycin or doxyeycline (in children >8- 
year-old) for 7 days is an alternate treatment, but is 
associated with poor tolerability of oral quinine and need 
for prolonged therapy. 

Chloroquine should not be used for treatment for 
falciparum malaria unless there is demonstrable 
sensitivity to the medication; similarly mefloquine and 
pyrimethamine sulfadoxine monotherapy is not 
recommended, At the end of antimalarial therapy, a 
single gametocidal dose of primaquine (0.75 mg/kg) is 
recommended to reduce community transmission of 
malaria. 


Uncomplicated mixed malaria: Uncomplicated mixed 
malaria should be treated as P. falciparum malaria with 
ACT. The preferred ACT, if available, for mixed malaria 
is either dihydroartemisinin with piperaquine or 
arterolane with piperaquine. Primaquine should be used 
as mentioned above. 


Treatment of Complicated Malarla 


The treatment of severe malaria is an emergency as it is 
associated with high mortality approaching 20%. If the 
suspicion of malaria is strong then treatment should be 
initiated without waiting for confirmation of diagnosis. 
Severe malaria whether due to falciparum or vivax should 
be treated similarly. Supportive care and treatment of 
complications are as important as antimalarial therapy. 
Broad spectrum antibiotics are administered if patient is 
in shock or secondary infection is suspected. 

Treatment should be parenteral as most patients are 
not able to take orally and the bioavailability of oral drugs 
is unpredictable. Artemisinin-based therapy is considered 
superior to quinine in reducing mortality. 


Artemisinin-based therapy: Parenteral formulations of 
artesunate, artemether and arteether are commercially 
available; artesunate is preferred. Artesunate is available 
as a dry powder which is reconstituted with sodium 
bicarbonate and given as a bolus injection. Artemether 
and arteether are given by the intramuscular route. The 
dose of artesunate is 3 mg/kg in children with weight less 
than 20 kg, and 2.4 mg/kg in patients weighing >20 kg. 
For artemether the dose is 3.2 mg/kg stat and then 
repeated after 12 and 24 hours and then daily. Parasite 
counts start declining 5-6 hours after institution of 
therapy; asexual parasitemia disappears after mean of 72 
hours. Once the patient is better, a full course of oral ACT 
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iy adninintered (Hee above), A alngle done of Prin actiteys 
0.75 miy/ hy aloutd be timed to reduce nk OF LAUT 
Artentatnin derivatives have a Hoo daloly protile, Logg 
reactions atter Intvanniseular aliallatratlon ate tare ayy 
mute fess frequent ad compared to TM qttliing, 
Cardiotoste effects tn the form of profongatlon of the Qy 
Interval dn pationty recelv in, high dose artemether hayp 
been reported, Artomisinina doula not be combined with 
other cardiolonte drugs such as ative and halofanteine, 
Physicians should be aware about reports OF heurotoxtelly, 
especially wilh repeated Use, and unrep ulated (herapy, 


Quinine-based therapy: Quinine acts principally on the 
mature Lrophozolte stage ol pa rastte development; lt does 
not prevent sequestrallon or further development of 
formed meronts and does nol KH the pre-erythrocytle or 
sexual stage of Plasmoditun faleipariiit. Parenteral qulalne 
is available as dihydrochloride salt in concentrations of 
300 my/mL. Quinine must always be glyen by rate 
controlled intravenous Infusion and never by bolus or 
push injection. Itis recommended to aciminister a loading 
dose of quining, Le. 20 ny salt/kp diluted Tn 10 mL/kg of 
normal saline/dextrose over a period of 4 hours. The 
objective of loading dose is to provide therapeutle levels 
as carly as possible in the course of treatment, without 
overshoot to toxie levels, The loading dose should be 
avoided if there is reliable evidence that the patient has 
received quinine/halofantrine/mefloquine in the past 
24 hours (halofantrine and mefloqune produce additive 
cardiac toxicity). After the loading dose, quinine 1s 
continued ata dose of 10 my salt/kg as infusion over 
2 hours every 8 hours, Intramuscular quinine is another 
alternative for initial therapy if facilities for controlled IV 
quinine administration are not available; subcutaneous 
adminstration may cause skin necrosis. 


The parasite counts start declining only after 24 hours, 
slower than artemisinin derivatives. The patient is 
switched to therapy with oral quinine as soon as possible. 
If parenteral quinine is continued beyond 48 hours or If 
renal failure supervenes, the maintenance dose should be 
reduced to 5-7 mg/kg to avoid quinine toxicity, Total 
duration of therapy is 7 days. A second drug such a3 
pyrimethamine sulphadoxine, doxycycline or clindamycin 
should be added. A single dose of primaquine 0.75 mg/ kg 
is given on completion of quinine therapy to eradicate 
gametocytes and prevent transmission, 

The only contraindication to use of quinine is evidence 
of severe quinine allergy and G6PD deficiency, Thrombo 
cytopenia, jaundice, renal failure, hypotension are no! 
contraindications for quinine administration, Minor side 
effects including tinnitus, deaf ness, headache, nausea and 
visual disturbances (cinchonism) are common in conscious 
patients but do not warrant dose reduction. Serious side 
effects with parenteral quinine are ra re, Ifitis administered 
properly. Quinine produces prolongation of the QT¢ 
interval on the ECG but significant conduction ° 
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repolarization abnormalities are rare. Routine ECG 
monitoring during quinine infusion is not required, if there 
isno evidence of preexisting heart disease. Frequent blood 
glucose monitoring is necessary during therapy. Quinine 
can cause marked intravascular hemolysis (blackwater 
fever); change of therapy to artemisinin derivatives may 
be required. Quinine can cause immune-mediated 
thrombocytopenia, which is suspected, if platelet counts 
fail to recover despite clinical improvement. 


neatment Fallures, Recrudescence and Relapse 


Anoptimal response to therapy is defined as counts which 
on day 1 are less than day 0, counts on day 3 are <25% of 
count on day 0, no parasites are seen in peripheral blood 
72 hours after starting therapy and up to 28 days and there 
is no fever after 72 hours. 

Patients with parasitologically confirmed malaria who 
continue to have fever 72 hours after starting therapy are 
occasionally seen in clinical practice. If peripheral smear 
for malaria is negative, the causes include IV thrombo- 
phlebitis, secondary bacterial infections, coinfections such 
as typhoid or rarely immune phenomena. If drug 
resistance is suspected than treatment should be changed 
to either ACT combination or quinine. 

Reappearance of asexual parasites within 28 days of 
treatment is defined as recrudescence or late treatment 
failure. Causes for recrudescence include choice of wrong 
drug, wrong dose, poor compliance or drug resistance, 
Recrudescence is fairly common in falciparum malaria, if 
artemisinin monotherapy is used; and in vivax malaria, if 
ACT is used. Treatment of recrudescence includes 
optimizing drug therapy or change to an alternative regime. 


Control and Prevention of Malaria 


Control and prevention of malaria is based on elimination 
of the vector by strategies like insecticide spraying, use of 
insecticide treated bed nets and elimination of breeding 
places. The latest malaria vaccine RTS, S/AS01 acts against 
P, falciparum. Phase 3 trials on African children, aged 
6 weeks to 17 months, show efficacy ranging from 18- 
39%. In holoendemic areas like Africa, chemoprophylaxis 
With pyrimethamine sulfadoxine administered twice 
during pregnancy to reduce prevalence of maternal 
anemia and low birth weight is practised. 
Chemoprophylaxis against malaria is recommended for 
travelers from non-endemic areas to endemic areas. Drugs 
Used include weekly chloroquine (for areas that are 
“hloroquine sensitive), weekly mefloquine, weekly 
chloroquine and daily proguanil, daily doxycycline and 
aily atovaquone-proguanil (expensive but safest). 
tophylaxis should be started at least 1-2 weeks before 
€parture and continued for 4 weeks after return (except 
*tovaquone-proguanil where it can be started on the day 
2 departure), For travelers to India, prophylaxis with 
Sither weekly mefloquine 5 mg/kg OF daily atovaquone- 
Proguanil is advised. 


National Vector Borne Disease Control Programme (NVBDCP}) 


The NVBDCP strategies are two folds: Early case detection 
and prompt treatment and vector control. It has laid out 
guidelines for detection and management of malaria. 
NVBDCP recommends treatment of uncomplicated vivax 
malaria with chloroquine and falciparum malaria with 
ACT. Artemisinin monotherapy is banned in India and is 
marketed only as combinations. Strategies for vector 
control include source control, elimination of breeding 
places, biologic control with use of larvivorous fish in 
water bodies, and finally chemical vector control by indoor 
residual spray, space fogging and use of chemical 
larvicides like abate in water bodies. 


Suggested Reading 


* National Vector Borne Disease Control Program, Ministry of Health 
and Family Welfare, Government of India. Malaria. http:// 
www.nvbdcp.gov.in/iec.html 

e WHO. Guidelines for the treatment of malaria. 3rd edn, 2015; 
1-317. www.who.int/malaria/docs/TreatmentGuidelines2015.pdf 


¢ WHO. Malaria. http://www.who.int/malaria/areas/treatment/ 
overview/en/ 


Leishmaniasls 


Leishmaniasis is a disease caused by parasites of the genus 
Leishmania, which are transmitted by bites of female 
sandflies. There are three major clinical forms: Visceral 
leishmaniasis (VL), cutaneous leishmaniasis, and muco- 
cutaneous leishmaniasis (espundia). VL and cutaneous 
forms of the disease seen in India are caused by Leishmania 
donovani. Kala azar, the Indian term for VL, denotes 
hyperpigmentation seen in these patients; ~200000 cases 


are reported annually, most often from Bihar and eastern 
UP. 


Transmission and Etiopathogenesis 


The parasite exists in the human or animal reservoir as 
amastigotes (non-flagellated, oval Leishman-Donovan 
bodies) and in the sandfly and culture medium as 
flagellated promastigotes. In India and Sudan, humans 
are the chief reservoir (anthroponotic cycle). The female 
sandfly (genus Phlebotomus) ingests the amastigotes, which 
develop into promastigotes in its digestive tract, migrates 
to the proboscis (salivary glands) and is injected into the 
susceptible host when the sandfly takes its next feed. 
Within the host, promastigotes infect macrophages and 
develop into amastigotes. Amastigotes multiply in cells 
of the mononuclear phagocyte system (monocytes, macro- 
phages, histiocytes, Kupffer cells and reticuloendothelial 
cells in spleen and lymphoid tissue). 

Children aged 1-4 years are considered more 
susceptible to the disease. The protective response is 
primarily cell mediated immunity that results in 
subclinical infection and spontaneous cure in most cases. 
Failure of immunity results in illness, such that for every 
case of VL, there are about 30 subclinical infections. 
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Malnutrition and HIV infection also predispose to clinical 
disease. 
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Immunochromatographic strip and ELISA f, 
leishmanial antl-K39 antibody has been used successsy}} 
for serodiagnosis with high sensltlvity (>90%) and 
specificity (~90%). Antibody Uters to K39 Acreage 
following successful therapy, and Increase during relapse 
making it a useful teat lo recognize treatment failure 
Newer methods with high sensitivity and specific) 
include the detection of Leishmania antigen and antibody 
in the urine, 


Clinical Features 


Visceral leishmaniasis: The incubation period is generally 
3 to 8 months. Features include high grade fever, weight 
loss, hepatosplenomegaly and abdominal discomfort. 
There are no rigors and the patient does not appear toxic. 
Splenohepatomegaly, with spleen larger than the liver, is 
usual. Spleen is huge, firm, smooth and nontender and 
palpable by end of first month of illness; moderate 
hepatomegaly is seen in ~80%. Unlike African VL, 
lymphadenopathy is infrequent in Indian VL (<5%). 
Hyperpigmentation of skin is a feature of Indian VL, seen 
in about two-thirds of patients and affecting the face, 
hands and upper trunk. Progressive emaciation occurs in 
all cases, though appetite is preserved. Cough and 
diarrhea are common. Bleeding manifestations in the form 
of petechial hemorrhages, epistaxis and gum bleeding may 
be seen. Pedal edema may occur due to hypoalbuminemia, 
however, jaundice is uncommon. Diminished cell- 
mediated immunity may account for a high incidence of 
secondary infections. Pancytopenia and hypergamma- 
globulinemia are characteristic. 

The disease may begin insidiously and be asympto- 
matic initially, but usually runs a chronic course that may 
be fatal without or despite treatment. Death usually occurs 
within 2 years in 75-95% cases, because of severe 
secondary bacterial infections or gastrointestinal bleeding 
in advanced disease. 


Treatment 


Drugs available for treatment of VL in India include 
sodium stibogluconate, amphotericin B, lipid formulation 
amphotericin B and miltefosine, Sodium stibogluconate 
was considered first line therapy for VL in India. However, 
need for prolonged therapy, adverse effects and increasing 
resistance are its major limitations. In certain areas of 
Bihar, the resistance rates exceed 50%, 

The National Vector Borne Disease Control Programme 
recommends that in areas where stibogluconate resistance 
rates are more than 10%, amphotericin B deoxycholate be 
used, Side effects of amphotericin include fever, chills, 
hypokalemia and nephrotoxicity. Liposomal amphotericin 
B dosed as 1 mg/kg/day over 3-5 days or a single dose of 
5 mg/kg is highly efficacious with fewer adverse effects. 
Indigenous lipid formulations of amphotericin B (2 mg/ 
kg) mixed with 100 mL of 20% fat emulsion and dosed for 
5 doses approaches success rates more than 90% and at 
considerably lower cost, compared to liposomal 
amphotericin B and even stibogluconate. 

Miltefosine is an orally active agent. Treatment with 
this drug for 3-4 weeks results in cure rates of 95-100%, 
comparable to that with amphotericin, Mild gastro- 
intestinal side effects may be seen, Other effective drugs 
used for treating leishmaniasis include pentamidine and 
paromomycin. Recommended treatment regimens are 
summarized in Table 11.12. 

Severe anemia and thrombocytopenia may necessitate 
packed cell and platelet transfusions, The child should 
receive a nutritious diet, and coexisting nutritional 
deficiencies should be corrected, Concurrent infections 
should be treated using appropriate antimicrobial agents: 


Post-kala-azar dermal leishmaniasis (PKDL): A small 
proportion of patients in Africa and India may show PKDL 
that develops 1-10 years after resolution of VL. Hypo- 
pigmented macular, maculopapular or nodular skin 
lesions are seen first in the perioral area, chin and lips, 
and later appear over the neck, extensor surfaces of the 
arms, trunk, and legs. Lesions spare the scalp, palms, soles, 
axillae and perineum. Lepromatous leprosy is a close 
differential, but peripheral nerves are spared. Skin lesions 
may persist for up to 20 years. These patients may act as 
chronic reservoir of infection. 





Diagnosis 


There is pancytopenia, mild elevation of liver enzymes 
and hypergammaglobulinemia with reversal of albumin 
globulin ratio. The aldehyde test has poor sensitivity and 
specificity and is no longer used. 

Definitive diagnosis of VL is usually based on micro- 


Response to treatment: Fever, spleen size, hemoglobin, 
blood cell counts, serum albumin, and body weight ar¢ 
monitored for response to therapy. In most patients, the 
fever subsides within 7 days, blood counts and hemoglobin 
levels rise, the patient feels better, and spleen become 


scopic detection of amastigotes in smears of tissue 
aspirates or biopsy samples. Bone marrow aspirate or 
biopsy is frequently the tissue of choice with sensitivity 
between 55 and 97%. Lymph node aspirate or biopsy 
(sensitivity 60%), liver biopsy (sensitivity 85%) and splenic 
aspirates (sensitivity 97%) may also be used. PCR methods 
on tissue samples and peripheral blood with very high 
sensitivities have been developed. 
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smaller within 2 weeks. Parasitological cure should bé 
documented at the end of therapy by splenic or bone 
marrow aspiration. As relapses are common in this clisease, 
patient should be followed for at least 6 months before 
considering a definite cure, The spleen may sy 
6~12 months to regress completely, Relapse is suggeste 

by an increase of spleen size, a fall in hemoglobin levels 
and should be confirmed by the demonstration of parasites: 
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png Dose ‘Duration 
sodium stibogluconate 20 mg/kg/day IMor IV 28 days 
Amphotericin B 1 mg/kg alternate day 28 days 
Liposomal amphotericin B 1 mg/kg/day IV 5 days 

Miltefosine 2.5 mg/kg/day oral 28 days 
pentamidine 4 mg/kg IV/IM thrice 8 weeks 


weekly 
Paramomycin (aminosidine) 16-20 mg/kg/day IV/IM 21 days 


PKDL: Treatment is indicated only for those who have 
severe and prolonged disease. Pentavalent antimonials 


(2-month course) and liposomal amphotericin B are both 
effective. 


prevention and Control 


Control of leishmaniasis involves controlling the source 
of infection and eradicating the vector. Where sand flies 
are mostly endophilic (rest mostly indoors after feeding), 
spraying houses with insecticide is effective: use of treated 
and untreated bed nets is effective where sand flies are 
endophagic (feed mainly indoors). Insecticide treatment 
of dogs and dog collars is useful where canines are 
important reservoirs. In India, where anthroponotic 
transmission is important, effective treatment of patients, 
especially those with PKDL (who act as long-term 
reservoirs), has been found to be effective in controlling 
transmission when combined with vector control. There 
is no effective vaccine for prevention of leishmaniasis. 
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2015.pdf 

Aronson N, Herwaldt BL, LibmanM, et al. Diagnosis and treatment 
of leishmaniasis: Clinical Practice Guidelines by the Infectious 
Diseases Society of America (IDSA) and the American Society of 
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Amebiasis 


Amebiasis is defined as infection with Entamoeba 
istolytica, Clinical features of amebiasis due to E. 
istolytica range from asymptomatic colonization to 
amebic dysentery and invasive extraintestinal amebiasis. 


§Didemlology 


f. histolytica is thought to infect 10% of the world 

Population, and 2-55% Indians. However, these are 

Verestimates, because two morphologically identical, 

Benetically distinct but apparently nonpathogenic species, 
mely E, dispar and E. moshkovskii, are now recognized 
“ausing most asymptomatic cases. 


> 


Amebic dysentery and extraintestinal amebiasis is 
associated with high morbidity and mortality and is a 
major public health problem globally, especially in adults 
in developing countries. It is less common in children and 
some estimates suggest that it is responsible for less than 
3% diarrhea in children <5 years. 


Etiopathogenes!s 


The organism exists in nature as a cyst or trophozoite. Each 
ingested cyst excysts in the small intestine to produce eight 
trophozoites that colonize the mucosa of the large 
intestine. Trophozoites may cause tissue invasion and 
destruction through several virulence factors, with little 
or no local inflammation, resulting in characteristic flask- 
shaped ulcers, seen commonly in cecum, transverse colon 
and sigmoid colon. Extraintestinal complications occur 
when trophozoites invade the bloodstream and migrate 
through the portal circulation, to lodge, usually in the liver. 


Clinical Features 


Asymptomatic cyst passage is the most common 
manifestation of E. histolytica, in most cases, the infection 
resolves spontaneously, but uncommonly, these 
individuals may later present with amebic dysentery and 
other invasive manifestations. 

After a variable incubaton period of weeks to months, 
about 10% individuals colonized with E. histolytica develop 
symptomatic disease, in form of colitis or extraintestinal 
disease. Amebic colitis presents as abdominal pain or 
tenderness (~80%), with watery, bloody or mucous 
diarrhea. Some may have only intermittent diarrhea 
alternating with constipation. Fever is unusual. 
Occasionally fulminant amebic colitis may occur, with 
profuse bloody diarrhea, fever, widespread abdominal 
pain, diffuse tenderness and pronounced leukocytosis. 
Toxic megacolon, ameboma, cutaneous amebiasis and 
rectovaginal fistulae can occur as complications of 
intestinal amebiasis. 

Amebic liver abscess is seen in about 1% of infected 
individuals and may occur months to years after infection. 
While some individuals may have concurrent amebic colitis, 
more commonly there are no bowel symptoms. The child 
usually presents with fever with chills and rigors and right 
upper quadrant pain of acute onset (<10 days). Examination 
reveals toxic appearance, right upper quadrant tenderness 
and hepatomegaly; jaundice is unusual (10-15%), Cough, 
along with dullness or crepitations in the right lung base 
may be present. Complications include rupture into the 
pleura, which has a relatively good prognosis, and rupture 
into the pericardium and superinfection with bacteria, 
which are more serious. 


Diagnosis 


Diagnosis of amoebic colitis is established by demonstra- 
tion of motile trophozoites by direct microscopic examina- 
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tion of fresh fecal sample. At least 3 stool specimens taken 
on consecutive days should be examined because the test 
has poor sensitivity (<60%; ~90% with 3 fresh samples). 
Stool contains plenty of erythrocytes but few leukocytes 
unlike bacillary dysentery where leukocytes are plentiful. 
Presence of ingested erythrocytes within trophozoites is 
pathognomonic for E. histolytica. Presence of cysts of E. 
histolytica in stool samples is of no clinical significance and 
should not be treated. 

Serological tests are routinely employed for diagnosis 
of extra intestinal disease with E. histolytica especially for 
differentiating amebic from pyogenic liver abscess. 
Commonly used serologic tests in clinical practice are 
ELISA, IHA and IFA. They are positive in 70-80% patients 
with invasive disease at presentation, and in >90% cases 
beyond first week of symptoms. However, they can persist 
for years and thus are of limited utility in endemic areas. 
Thus a negative test is more useful than a positive test in 
ruling out infection. 

In case of liver abscess, chest radiograph shows elevated 
diaphragm and pleural reaction on the right side. 
Ultrasound, CT, MRI, or isotope scan can localize the 
abscess in most cases. Leukocytosis without eosinophilia, 
mild anemia, raised alkaline phosphatase and high 
erythrocyte sedimentation rate are common findings in 
these patients. 


Treatment 


The practice of giving antiamebic drugs for all children 
presenting with diarrhea should be strongly discouraged 
since amebiasis is relatively uncommon in young children. 

Metronidazole is the drug of choice for treating amebic 
colitis (dosed at 30 mg/kg/day in 3 divided doses for 
7-10 days). Alternatives include tinidazole (50 mg/kg/ 
day for 3 days), ornidazole and secnidazole. Since 
metronidazole does not destroy the cysts, a luminal agent 
such as diloxanide furoate (20 mg/kg/day in 3 divided 
doses for 10 days) should be used to eradicate colonization. 
When possible, fulminant amebic colitis, even with 
perforation, is managed conservatively, with the addition 
of antibiotics to deal with bowel flora. Radiographic 
monitoring of the abdomen by CT scan, coupled with the 
judicious use of percutaneous catheter drainage to obtain 
suspect fluid, might aid in management. 

Most amebic liver-abscesses, even large ones, can be 
cured without drainage with IV metronidazole (50 mg/ 
kg/day in three divided doses for 7-10 days). Most 
patients show response to treatment (reduced fever and 
abdominal pain) within 72-96 hours. Individuals with 
amebic liver abscess should also receive a luminal agent 
to eliminate intestinal colonization. Abscess cavity 
resolves slowly over a period of several months. 

Aspiration is reserved for individuals in whom 
diagnosis is uncertain (where pyogenic abscess or bacterial 
superinfection is a concern), those who have not 
responded to metronidazole therapy (persistent fever or 
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abdominal pain after 4 days of treatment), indlvidua, 
with large left lobe abscesses (risk of rupture inty the 
pericardium), size more than 8-10 cm (SU BeKtin 
impending rupture) and severely ill patients wit 
accelerated clinical course and large abscesses (SUL POstin 
imminent rupture). Aspiration, percutaneous Cathete, 
drainage, or both, improve outcomes in the treatment oy 
amebic empyema after liver abscess rupture, ang 
percutaneous catheter (or, if necessary, surgical) drainage 
could be lifesaving in the treatment of amebic pericarditis 
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Giardlasis 


Giardiasis, caused by Giardia lamblia (also known as G. 
intestinalis or G. duodenalis), is a prominent cause of 
diarrhea in children and in travelers. 


Epidemiology 


The infection is endemic in developing countries with poor 
sanitation. Breast milk protects against giardiasis by virtue 
of the glycoconjugates and secretory IgA. Individuals with 
malnutrition, humoral immunodeficiencies and cystic 
fibrosis are particularly susceptible. Children appear to 
be more severely affected than adults. 


Etlopafhogenes!s 


Giardia exists in two stages, cysts and trophozoites. 
Outside human body it exists as cysts, which are hardy, 
capable of surviving in cool moist environments for up 
2 months and in chlorinated water, but are destroyed by 
boiling for 10 minutes. Transmission of infection 
through cysts, which may be ingested in contaminate 
water or food or spread by person to person contact. 
Ingestion of 10-100 cysts is sufficient for causing infection: 
Low pH of the duodenum facilitates excystation and 
release of trophozoites. Trophozoites colonize the 
duodenum and proximal jejunum of the host, where they 
attach to the intestinal brush border. Unlike amebias!* 
there are no invasive or locally destructive lesions. It IS 
believed that the infection causes diarrhea, via a combin® 
tion of intestinal malabsorption and hypersecretion. Thest 
effects cause malabsorption and maldigestion and, ‘ 
addition, facilitate the development of chronic ener 
disorders, including inflammatory bowel disease, int itab 
bowel syndrome and allergies. Steatorrhea is attribul® 
to pancreatic involvement, or bacterial overgrowth in i 
duodenum and upper jejunum, and deconjugation © bi! 
salts with release of free bile acids, 
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clinical Features 


The incubation Period after ingestion of cysts is 1-2 weeks. 
Most infections in children and adults are asymptomatic, 
symptomatic infections are more common in children than 
adults, and usually take the form of acute diarrhea with 
sudden onset of explosive, watery, foul smelling stools, 
along with nausea and anorexia; others may also have 
abdominal distension, flatulence, epigastric cramps and 
mild fever. There is no blood or mucus in stools. The illness 
may last 3-4 days and is usually self-limiting in normal 
immunocompetent children. Variable degree of 
malabsorption may occur. Some patients may have a 

rotracted course, with persistent or recurrent mild to 
moderate symptoms such as brief episodes of loose foul 
smelling stools alternating with constipation. Persistent 
diarrhea may be seen in 30-50% cases. A few children may 
develop chronic diarrhea, lactose and fat malabso 


tion 
and failure to thrive. "P 


Diagnosis 


The diagnosis is made by microscopic examination of 
stools. At least 3 fresh specimens of stools collected on 
alternate days are examined to achieve sensitivity of 90%, 
because multiplication, and passage of giardial cysts is 
often intermittent. There is no blood or leukocytes in 
stools. Enzyme immunoassay (EIA) and direct fluorescent 
antibody test for Giardia antigens and PCR in stools are 
reported to have better sensitivity and require less 
expertise than traditional microscopy. When diagnosis is 
suspected but stool testing is negative, duodenal aspirate 
may yield high concentration of Giardia when fresh wet 
mount is examined for trophozoites. Where duodenal 
aspirate is negative, intestinal biopsy may be considered 
in presence of suggestive features like lactose malabsorp- 
tion, radiographic findings (edema or segmentation in 
small intestine), absent secretory IgA or hypogamma- 
globulinemia. 


lreatment 


All symptomatic cases (acute and persistent diarrhea, 
failure to thrive, malabsorption syndrome) and asympto- 
matic cyst carriers require drug treatment. Treatment 
options include nitroimidazoles derivatives, especially 
Metronidazole and tinidazole, and nitazoxanide. 
Metronidazole is given at a dose of 15 mg/kg/day for 
5-7 days; it has 80-90% efficacy and is inexpensive, but 

as frequent adverse effects and has to be given three times 
a day. Tinidazole has the advantage of high efficacy (>90%) 
and Single dose treatment (50 mg/kg once), while 
nitazoxanide has high efficacy (80-90%) and low incidence 
of adverse effects. Nitazoxanide is given for 3 days, in 
'Wo doses (100 mg bid for 1-4 years, 200 mg bid for 

12 years; 500 mg bid for >12 years). Second-line 

tematives include albendazole, furazolidone, paromo- 
"ycin and quinacrine. 
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Amebic Meningoencephalitis 


Amebic meningoencephalitis refers to infection of the 
central nervous system by free-living amebae. The disease 
occurs in two clinical forms: Primary amebic meningo- 
encephalitis caused by Naegleria fowleri and granulomatous 
amebic encephalitis induced by amebae of spp. of 
Acanthamoeba and Balamuthia. 


Primary Amebic Meningoencephalitis (PAM) 


N. fowleri causes fulminating meningoencephalitis, mostly 
in children and healthy young adults who have a recent 
history of swimming in fresh water lakes, pools and ponds, 
usually during hot summers. The amebae enter the nose 
through contaminated water (or air), penetrate the nasal 
mucosa and the cribriform plate and travel along the 
olfactory nerves to the brain leading to a diffuse 
hemorrhagic necrotizing meningoencephalitis. 

Signs and symptoms are suggestive of acute pyogenic 
meningitis. Microscopic demonstration of motile amebae 
in fresh cerebrospinal fluid is required for diagnosis. CSF 
evaluation is otherwise similar to that seen with acute 
pyogenic meningitis with high leukocyte count (usually 
in thousands) with polymorphonuclear predominance, 
and elevated proteins. 

Disease progression is rapid; this along with the limited 
awareness about the disease and consequent non- 
institution of specific therapy, leads to death within 5-10 
days; however, survivors are reported occasionally. 
Infection with Naegleria must be considered in differential 
diagnosis of a patient with pyogenic meningitis presenting 
with history of swimming in fresh water, non-specific 
cerebral edema on CT, and no evidence of bacteria on 
Gram stain, antigen detection assays and culture. A 
combination of high dose amphotericin B (IV and 
intrathecal), rifampicin and chloramphenicol has been 
employed for therapy with limited efficacy. 


Granulomatous Ameblie Encephalitis (GAE) 


This is an infection with Acanthamoeba species (rarely, 
Balamuthia species) that is acquired through lung or skin 
and spreads hematogenously. Acanthamoeba infection is 
usually seen in immunocompromised patients, such as 
those with AIDS, SLE or post-renal transplant. Balamuthia 
can affect normal hosts. Clinically, GAE runs a subacute 
or chronic course similar to tubercular meningitis, and if 
untreated, is fatal. CSF examination reveals elevated 
proteins and lymphocytic leukocytosis, trophozoites are 
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rarely present. CT scan of brain may reveal granulomatous 
lesions and ventricular dilatation, mimicking tuberculosis 
and other fungal infections. The diagnosis is established 
by brain biopsy and demonstration of the cysts in brain 
tissue, Treatment has been attempted with combination 
of fluconazole, ketoconazole, sulfonamides and 
cotrimoxazole, but prognosis is poor. 


Suggested Reading 


¢ CDC. Parasites—-Naegleria fowleri-Primary amebic meningo- 
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CONGENITAL AND PERINATAL INFECTIONS 


Congenital and perinatal infections are often referred to 
by the acronym “TORCH”. This refers to toxoplasmosis 
(T), rubella (R), cytomegalovirus (C) and herpes simplex 
(H). The others group (QO) is ever expanding and includes 
several other infections like varicella zoster, syphilis, 
malaria, tuberculosis, HIV, HCV, HBV, enterovirus, 
parvovirus. Zika is the latest addition to this group. 


General Principles 


Fetal and neonatal infection and affection due to TRCH 
occurs predominantly with primary infection in the 
mother. Latent infection or reactivation affects the baby 
infrequently (exception syphilis). Not all infection in 
mothers is transmitted to the baby due to the placental 
barrier and not all infected babies are affected. The 
transmissibility and severity of fetal affection depends on 
the timing of gestation. Infections during the first trimester 
have most devastating consequences. Congenital and peri- 
natal infections can manifest during pregnancy as USG 
findings, soon after birth or later in life. Common manifesta- 
tions of intrauterine infections are abortions (recurrent 
only with syphilis, not with others), intrauterine growth 
retardation, intrauterine death, prematurity, deafness, 
chorioretinitis, aseptic meningitis, microcephaly and 
mental retardation, lymphadenopathy, hepatosplenomegaly, 
neonatal hepatitis, anemia, thrombocytopenia and skeletal 
abnormalities. Specific features are discussed below. 

Tests that are useful in diagnosis include complete 
blood count, liver and renal functions, skeletal survey, 
fundus examination, hearing evaluation and imaging of 
the central nervous system. Specific diagnosis is by 
serology (TORCH screen). However, serologic diagnosis 
by IgM and IgG estimation should be done in both baby 
and mother and interpreted with caution. 

Treatment is possible and rewarding for toxoplasmosis, 
syphilis, herpes simplex, only partly successful for CMV 
and not available for rubella and many others. Prenatal 
screening for syphilis, HIV and HBV and preconceptional 
immunization with rubella and varicella vaccines is 
important to reduce the burden of the TORCH infections. 
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genital Toxoplasmos!s 

rimary infection, which is generally subclin; 
fetal infection and disease. The transmissjpj) 
ut the risk of fetal disease decreases with 
cy. Clinical features are similar to tho, 
mentioned earlier. Intracranial calcification, hydro. 
cephalus and chorioretinitis form the classical triad of th. 
disease. Infants asymptomatic at birth may later Preseny 
with mental retardation and deafness. Diagnosis jg 
confirmed by demonstrating positive toxoplasma IgM in 
serum of the affected child. Treatment is recommende4 
for all affected babies, even if they are asymptomatic, 
Therapy with pyrimethamine, sulfadiazine and folinic 
acid for a duration of 1 year is recommended. Since 
maternal infection results from ingestion of food or water 
contaminated with oocysts or tachyzoites in infected meat, 
prevention includes advising pregnant women to wash 
fruits and vegetables carefully, limit contact with soil and 
refrain from eating undercooked meat. 


Con 


Maternal p 
may lead to 
increases b 
advancing pregnan 


Congenital Rubella 


Transmissibility is highest in the first trimester and so is 
the rate of fetal disease (90% at <11 weeks). The fetus is 
completely spared if infection occurs beyond 16 weeks, 
The classical triad of congenital rubella syndrome consists 
of deafness, cataract and congenital heart disease. Delayed 
manifestations such as diabetes mellitus and renal disease 
have also been described. Diagnosis is by demonsiration 
of positive rubella IgM in cord or neonatal blood. No 
treatment exists. A unequivocal diagnosis of rubella in 
the first trimester of pregnancy is an indication for maternal 
termination of pregnancy. Vaccinating all childzen and 
particularly all adolescent girls against rubella is 
recommended to reduce the burden of congenital rubella. 


Congenital CMV 


Congenital CMV is reported to be the commonest 
congenital infection. Transmission and fetal disease occuls 
throughout pregnancy. The overall transmission rate with 
primary infection is 30% and 10% of all babies infected 
are symptomatic. CMV remains latent in the body and 
can reactivate any time; similarly reinfections can also 
occur. The transmission risk with reactivation 
reinfection is around 1% and only 5-10% of infected babies 
are symptomatic. But since reactivations and reinfection 
are commoner than primary infections, they contribute © 
half the burden of congenital CMV. 
Congenital infection can affect all organ syste™> 
periventricular calcification is characteristic (Fig. 11.25). 
CMV transmission can also occur during delivery 2" 
breastfeeding and is of consequence only in the preterm 
and very low birth weight babies, In this setting, it presen! 
as a sepsis like illness with pneumonia and respirato") 
distress. CMV transmission due to blood and bl0° 
products can also cause anemia, thrombocytopenia 
hepatosplenomegaly in preterm infants. 





Infections and Infestations 





Fig. 11.25: Classical periventricular calcification of CMV 


The diagnosis of congenital CMV is confirmed by a 
positive IgM in the first two weeks of life. The sensitivity 
is low and a negative IgM does not rule out CMV. The 
detection of CMV by PCR on urine or blood is more sensi- 
tive. A positive CMV IgM or PCR after the first 2 weeks of 
life can also occur due to postnatal transmission and is 
not specific for diagnosis of congenital CMV. Antiviral treat- 
ment with ganciclovir is available, but indicated only in 
patients with progressive neurologic disease and deafness. 


Perinatal HSV 


The transmission of HSV to babies usually occurs during 
delivery in mothers who develop primary genital herpes 
at that time. Reactivation of genital herpes is associated 
with very low rates of transmission and disease. Infected 
babies may be asymptomatic or have fulminant disease. 
Three forms of disease have been described; that limited 
to skin, eyes and mouth with vesicular eruption, CNS 
disease that presents as meningitis with seizures and 
altered sensorium and disseminated disease that presents 
aS sepsis like illness with high mortality. The latter two 
may not have associated skin eruption which further 
‘omplicates diagnosis. 

Diagnosis is by Tzanck smear of the skin lesions, culture 
or PCR of lesions or cerebrospinal fluid. HSV serology 
has no role in diagnosis. Neonates with suspected or 
Confirmed infection should be promptly treated with 
acyclovir. The dose is 20 mg/kg 8 hourly for 14-21 days 
Ollowed by oral acyclovir for 6 months. Babies born to 
Mothers with active primary herpetic lesions during labor 
Should be considered for elective cesarean section if 
Membranes are unruptured. 

Congenital syphilis 
Syphilis is the only maternal infection that is associated 


With recurrent abortions. Maternal syphilis can be trans- 
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mitted throughout pregnancy, more commonly during 
later pregnancy. Apart from the features mentioned 
earlier, infected babies show pathognomic features like 
skeletal lesions, snuffles, pneumonia alba and bullous skin 
lesions. Some babies manifest delayed features like 
depressed nasal bridge, notched central incisors, keratitis, 
saber shins and frontal bossing. 

Diagnosis is by quantitative VDRL estimation in the 
baby and its comparison with maternal VDRL; CSF 
evaluation is a must. Treatment is with procaine penicillin; 
ceftriaxone may be used if procaine penicillin is not 
available. Babies should be followed up with serial VDRL 
estimation till the age of 1 year to document a response. 


Suggested Reading 
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HELMINTHIC INFESTATIONS 


Helminthic infestations contribute to significant disease 
burden in children in developing countries. Helminthiasis 
is caused by three groups of worms, nematodes 
(roundworms), cestodes (tapeworms) and trematodes 
(flukes). Nematodes may be further classified as intestinal 
nematodes and tissue nematodes. All these groups differ 
significantly in life cycle, mode of infection, pathogenesis 
and clinical manifestations. 


Intestinal Nematodes 


This group includes Ascaris lumbricoides (roundworm), 
Enterobius vermicularis (pinworm, threadworm), 
Ankylostoma duodenale (old world hookworm), Necator 
americanus (new world hookworm), Trichuris trichura 
(whipworm) and Strongyloides stercoralis. These infections 
are common where hygiene and sanitation are poor and 
where there is improper disposal of sewage. 


Life Cycle 


Ascaris, Strongyloides, Necator and Ankylostoma inhabit the 
small intestine, Enterobius is lodged in the cecum and 
Trichuris inhabits the large intestine. Eggs are released in 
the feces with the exception of Enterobius where they are 
released on the perianal skin, The eggs embryonate in the 
environment and become infective. In Ascaris, Enterobius 
and Trichura, infection occurs by ingestion of embryonated 
eggs. The larvae are released in the intestines and mature 
into adult worms locally in case of trichuriasis and 
enterobiasis, while in case of ascariasis they migrate 
through the intestinal wall, into the portal circulation, the 
liver, heart, lungs, trachea, swallowed into the pharynx 
and finally mature into adult worms in the small intestine. 
In case of Necator, Ankylostoma and Strongyloides infection 
occurs by penetration of the skin by filariform larvae, 
which then through the systemic circulation reach the 
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heart, then the lungs, trachea, pharynx and finally mature 
into adult worms in the intestines. Strongyloides is unique 
among the intestinal nematodes in several respects: Larvae 
divide parthenogenetically in the small intestine, 
development of the eggs into infective larvae occurs within 
the intestine leading to autoinfections and retroinfections. 


Clinical Features 


Clinical features depend on the worm burden and vary 
from asymptomatic infection to severe morbidity. 
Penetration of the skin by the larvae of Ancylostoma, 
Necator and Strongyloides may cause a maculopapular itchy 
rash. Migration of the larvae through the lungs in case of 
ascaris and hookworm may cause Loeffler syndrome 
characterized by fever, cough, dyspnea, wheeze, urticaria, 
eosinophilia and lung infiltrates. Other causes of Loeffler 
syndrome include filarial infection, visceral larva migrans, 
schistosomiasis and allergic bronchopulmonary 
aspergillosis. Visceral larva migrans refers to infection by 
dog/ cat ascaris where the larva have an aberrant life cycle 
and cause prominent visceral manifestations such as fever, 
eosinophilia, bronchospasm and hepatosplenomegaly. 
Cutaneous larva migrans characterized by an erythe- 
matous, serpiginous, pruritic eruption refers to infection 
by non-human hookworms where the larva migrate 
through the epidermis and are unable to mature. 

Ascaris being the largest worm has the most prominent 
intestinal manifestations. Heavy infestation can lead to 
vague abdominal discomfort, abdominal distension, 
vomiting, irritability, poor growth and nutritional defi- 
ciencies. A large mass of worms may cause bowel 
obstruction and migration of the worms can result in 
cholecystitis, cholangitis, pancreatitis and rarely 
intrahepatic abscess. 

Hookworms (Ankylostoma, Necator) suck blood from the 
intestine and lead to iron deficiency anemia, hypo- 
albuminemia and edema. The severity of anemia varies 
and with heavy infestations, transfusion may be needed. 
Heavy infestation with Trichuris may cause dysentery, 
anemia, rectal prolapse, abdominal pain, distension, 
hypoproteinemia and growth retardation. Manifestations 
of enterobiasis include perianal or vulval itching caused 
by migration of the gravid females to the perianal skin to 
lay eggs. Strongyloides is associated with abdominal pain, 
vomiting, diarrhea, bleeding, steatorrhea and weight loss. 
Ulceration and strictures of the duodenum may occur. 
Hyperinfection syndrome due to Strongyloides occurs 
in the immunocompromised (high dose steroids, 
chemotherapy, transplant, HIV) and is characterized by 
dissemination of massive numbers of larvae into various 
body organs (pulmonary infiltrates, meningitis) gram- 
negative sepsis and high mortality. 


Diagnosis 


The diagnosis of most intestinal nematodes is by 
examination of feces for the characteristic eggs. In 


a | 266 | Essential Pediatrics 


enterobiasis, the eggs are present on the perianal skin ei 
which they can be lifted using the scotch tape method : 
strongyloidiasis, fresh stool should be examined for larva, 
as eggs are rarely present; wet mount examinatioy, of 
centrifuged CSF and bronchoalveolar lavage may als 
help. Peripheral blood examination may reveal eosin, 
philia (striking in Strongyloides, visceral larva migran. 
In ascariasis, the worms may be incidentally observed j, 
the biliary or pancreatic ducts by ultrasound or in th, 
intestines during contrast studies of the gastrointestin, 
tract. Serology may also be used to diagnose Strongyloides 


Treatment 


All family members should be treated. Antiparasitic drugs 
available for nematode infections including albendazole 
(200 mg for children aged 1-2 years and 400 mg for those 
aged 2 years and above, taken with a fatty meal), 
mebendazole (100 mg twice daily for 3 days or 500 me 
single dose), pyrantel pamoate (11 mg/kg, max dose 
1 gm), ivermectin in a daily dose of 150-200 pg/kg 
Nitazoxanide is a new drug (100 mg for children aged 1- 
3 years, 200 wg for children aged 4-11 years and 500 mg 
for older children adolescents) dosed twice daily for 3 days 
(Table 11.13). For pinworm, it is essential to stress on 
personal hygiene, keep nails clipped short, clean bed linen 
thoroughly and ensure hand washing before meals. 


Prevention 


Eradication of nematodes is possible only with improved 
hygiene and sanitation and appropriate sewage disposal. 


There is limited rationale for periodic deworming in 
healthy children. 


Tissue Nematodes 


Tissue nematodes of significance in India include 
Wuchereria bancrofti, Brugia malayi (causes of lymphatic 
filariasis) and Dracunculus medinensis (guinea worm) 
Lymphatic filariasis is endemic in several Indian state 
chiefly Bihar and Kerala. 


Life Cycle 


Humans are infected by bite of the vector which in most 
instances in India is the Culex mosquito. The bite release 
the infective larvae which migrate to the lymphatics an , 
grow into adult males and females in about one yea!. The) 
mate and release thousands of larvae termed as mit” 
filaria which stay in the lung arterioles during the oa 
and emerge in the systemic circulation at night. They 
then taken up the insect vector where they develop fur O 
and become infective to humans. The life span of the adu 
worms is usually 5-10 years but can be up to 40 yea 


Clinical Features 


The acute symptoms of filarial disease are ey 
lymphangitis, epididymoorchitis and adenolymphané 
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‘Helminth Primary Alternative 
ascaris Single dose albendazole 
Hookworm Albendazole 
Enterobius Single dose albendazole 

(100 mg) 
Trichuris Albendazole for 3 days 
Strongyloides Ivermectin for 2 days 


Cutaneous larva Ivermectin for 1-2 days 


migrans 
Visceral larva Antihistaminics and steroids 
migrans Albendazole/ mebendazole 


twice daily for 5 days 


(Fig. 11.26). In around 0.5% of infected patients a distinct 
immunologic reaction to the microfilaria results in an 
entity called tropical pulmonary eosinophilia. Features of 
this condition include cough that worsens at night, 
wheezing, low grade fever, enlarged neck nodes, 
interstitial infiltrates on chest X-ray marked peripheral 
blood eosinophilia (more than 3000/cu mm) and very high 
serum IgE levels. This syndrome can also result from the 
pulmonary phase of ascariasis and hookworms, visceral 
larvae migrans due to zoonotic ascaris and strongyloides 
infections. Chronic manifestations of lymphatic filiariasis 
seen usually in adults include hydrocele, lymphedema 
and elephantiasis. 


Diagnosis 


This is largely clinical and confirmed by demonstrating 
the microfilaria in Geimsa stained thin and thick blood 
smears obtained from finger pricks. The time of collection 
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Ag. 11.26: (a) Filariasis manifestating as 
© Convoluted worm In the soft Tissue 


Mebendazole, pyrantel pamoate, 
ivermectin, nitazoxanide 


Mebendazole, pyrantel pamoate 


Single dose pyrantel or mebendazole 


Mebendazole, ivermectin for 3 days 


Albendazole twice daily for 7 days 
(not very effective) 


Albendazole twice daily for 3 days 
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Table 11.13: Treatment of intestinal nematode infections 


Comment 
Heavy infestation described 


Ivermectin ineffective 


3 day regime of mebendazole better 
than a single dose 


Adjunctive iron required in most 
Repeat in 2 weeks 

Hand hygiene; nails clipped short, bed 
linen hygiene 

Treatment not very effective 


Hyperinfection: prolonged or repeated 
treatment 


Antihelminthics controversial 


depends on the feeding habits of vector. In case of W. 
bancrofti, night time collection is preferred. Diethy]- 
carbamazine (DEC) can be used as a provocative agent 
to facilitate day time collections. The filarial antigen can 


also be detected by immunochromatography-based card 
tests. 


Treatment 


Most of the symptoms are due to the adult worms but 
paradoxically treatment suppresses or reduces microfilaria 
but does not affect the adult worms. Treatment is usually 
with a single dose of DEC (6 mg/kg) or ivermectin 
200 pg/kg and albendazole 400 mg. Corticosteroids may 
need to be used to manage allergic reactions of dying 
microfilaria. Treatment may need to be repeated every 
6-12 months for reappearing microfilaria till the adult 
worms spontaneously die. For tropical pulmonary 
eosinophilia, treatment with DEC at a dose of 6 mg/kg/ 
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day for 12-21 days is recommended. Chronic complica- 
tions need surgical treatment. 


Prevention 

Since lymphatic filariasis causes considerable morbidity, 
the National Vector Borne Disease Control] Programme 
(NVBDCP) has envisaged elimination of lymphatic 
filariasis by 2015. The strategy employed is mass drug 
administration of single dose of DEC with/without 


albendazole annually to all residents of an endemic district 
for 5 years. Vector control is also important. 
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Cestodes 


The cestodes that infect humans include giant tapeworms 
like Taenia saginata, T. solium and Diphyllobothriurn latum, 
dwarf tapeworms like Hymenolepis nana and zoonotic 
cestodes like Echinococcus granulosus and E. multilocularis. 
Infection with T. saginata and T. solium is acquired through 
ingestion of cysticerca in contaminated food, while 
Echinococcus infection is through ingestion of eggs, and 
D. latum infection is carried to man by ingestion of cysts 
in freshwater fish. 


Teniasis and Cysticercosis 


Two species of tapeworms infest humans, Taenia solium 
or the pork tapeworm and T. saginata or beef tapeworm, 
the names reflecting the principal intermediate hosts for 
each of them. Man is the only definitive host for both the 
parasites. While the pork tapeworm has a scolex with 
suckers and hooks that aid its attachment to the intestinal 
wall, hooks are absent in T. saginata. Taeniasis refers to 
intestinal infection by the adult tapeworm, and 
cysticercosis results from larval lodging in various sites. 





Epidemiology 


| Cysticercosis is the most common parasitic disease 
worldwide, with an estimated prevalence of more than 
50 million persons. Neurocysticercosis, the neurologic 
manifestation of cysticercosis, is the most prevalent 
infection of the brain worldwide. 


Pathogenesis 


The life cycle of T. solium and T. saginata begins as a larva 
in pigs/cattle, and human infection is acquired by 
ingestion of these larvae in undercooked pork or beef. The 
larvae attach to the human gut and grow into adult 
tapeworms. The adult tapeworm sheds proglottids 
containing hundreds of tapeworm eggs into human feces. 


When ingested by pigs or cattle, these eggs develop int, 
larvae that invade the intestinal wall, enter the bloog. 
stream and lodge in various tissues to develop into cyst, 

The eggs of beef tapeworm are not infectious 
humans. Humans may ingest T. solium eggs, usually } 
feco-oral transmission (contamination of food by fooq 
handlers with poor hand hygiene, or ingestion of raw 
fruits or vegetables fertilized with contaminated human 
waste), or sometimes through autoinfection (reflux of eggs 
from intestine into the stomach by reverse peristalsis) 
Thus humans become dead-end hosts of the larval Stage 
of the parasite, and develop cysticercosis in various bod 
tissues. Ingestion of encysted pork does not directly cause 
cysticercosis; rather, it causes an intestinal infection with 
the adult tapeworm and a human reservoir for T. solium 
eggs, Cysticercosis can therefore occur in persons who do 
not eat pork. 

Initially the larvae become encysted, which helps viable 
cysts avoid initial host reaction and destruction by the host. 
This phase that may last for 5-10 years is often clinically 
silent except when cyst location or size causes signs or 
symptoms. Degenerating cysts release larval antigens that 
produce a vigorous host response with release of 
inflammatory mediators and surrounding edema. After 
this phase, the encysted larvae degenerate entirely, die 
and often calcify. 


Clinical Features 


Infection with adult worm is mostly symptomatic, but 
some children may have non-specific symptoms like 
nausea, abdominal pain and diarrhea. These patients may 
also develop cysticercosis through auto-infection. 

The clinical features of cysticercosis depend on the 
location of the cysts and overall cyst burden. In about 
2 months, the larvae mature into cysticerci of about 2 mm 
to 2 cm size. Cysts can lodge in the brain, skeletal muscle, 
subcutaneous tissues, spinal column and eyes. The two 
sites associated with high morbidity are the brain, the most 
common (60-90%) location for cysts, and the eye, the least 
common site (1-3%). Cysts in the brain parenchyma 
(parenchymal neurocysticercosis) cause focal! oF 
generalized seizures and, less commonly, headache, focal 
neurologic deficits, or behavioral abnormality. Heavy cys! 
burden can cause encephalopathy with fever, headache, 
nausea, vomiting, altered mental status and seizures. Cys‘ 
in the subarachnoid or ventricular spaces may cause 
meningeal signs and symptoms, obstructive hydro 
cephalus or cranial nerve palsies (by nerve entrapment); 
those located in the spinal column can cause radicular pain 
or paresthesias. Ocular cysts in the subretinal space oF 
vitreous humor can impair vision by inflammation oF 
through retinal detachment, while those in the extraocular 
muscles may limit the range of eye movements an 
those in the subconjunctival tissue present as a nodular 
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swelling: Skeletal muscle or subcutaneous cysticercosis 
may be either asymptomatic or cause localized pain and 
nodules: 


D jagnosis 


The diagnosis of teniasis is established by the demonstra- 
ion of eggs Or proglottids in the stools. Patients may pass 
motile segments of worms through anus. 

Diagnosis of neurocysticercosis is based on contrast CT 
or contrast MRI of brain; MRI is superior to CT (Fig. 11.27). 
Demonstration of a solitary contrast-enhancing lesion less 
than 20 mm in diameter and producing no midline shift 
is highly sensitive for neurocysticercosis; if the scolex is 
visible, itis pathognomonic. Cystic, nonenhancing lesions 
suggest viable, non-degenerating cysts; cystic, enhancing 
lesions indicate degenerating cysts with some surrounding 
inflammation; and calcified cysts suggest old cysts that 
have already died. Ocular or extraocular muscle cysti- 
cercosis can be picked up on CT or ultrasound, or by 
detailed eye examination. Detection of antibodies by 
enzyme-linked immunoblot assay or enzyme-linked 
immunosorbent assay of the serum or cerebrospinal fluid 
has a sensitivity of 65-98% and a specificity of 67-100%, 
varying with the cyst burden, location, and phase of the 
infection; the immunoblot assay is the preferred test. 
Biopsy of the skin or muscle provides a definitive 
diagnosis in ambiguous situations, and may be the 
diagnostic method of choice for ocular, extraocular muscle, 
or painful muscular or subcutaneous cysts. 


Treatment 


Infestation with the adult tapeworm (teniasis) is treated 
with praziquantel (5-10 mg/kg once) or niclosamide 
(50 mg/kg once). Therapeutic options in neuro- 
cysticercosis include medications, surgery, or watchful 
waiting. The decision depends upon multiple factors, 
including symptoms and the location, number, stage, and 
size of cysts. Single active parenchymal lesions usually 
resolve spontaneously and may not require anticysticercal 
drugs, Watchful waiting is also indicated for calcified cysts 
because they are already dead, hence children with 
seizures and calcified inactive lesions on CT do not require 
Specific therapy apart from anticonvulsants. The 
commonly used antiepileptics are phenytoin and 
carbamazepine, which should be continued for at least 
One year and then tapered or continued based on 
Tadiologic resolution. ¥ 
A meta-analysis demonstrated that cysticidal drug 
therapy in patients with multiple and live cysticerci 1s 
associated with reduced seizures and increased resolution 
of lesions in the brain parenchyma. Two effective 
anticysticercal drugs are available: Albendazole (15 mg/ 
g/day bid, max dose of 800 mg/day for 7-30 days) or 
Praziquantel (50 mg/kg/day tid for 15-29 days). 
€ndazole is more effective than praziquantel. A 7-day 
‘Ourse of albendazole is perhaps as effective as a 28-day 








Fig. 11.27: Multiple lesions of neurocysticercosis on brain 
Imaging 


course for single lesions, though longer courses of 30 days 
are preferred for giant or subarachnoid cysts. Use of 
antihelminthic medications is associated with the risk 
of an overwhelming inflammatory response from 
degenerating cysts. This can be prevented by giving oral 
corticosteroids (prednisolone or dexamethasone) for 2-3 
days before and during treatment. Intraocular cysticercosis 
should be ruled out before using antihelminthic 
medications as therapy may cause inflammation and 
threaten vision. 

Treatment of subarachnoid and intraventricular 
neurocysticercosis is complicated and risky. Cysts in these 
locations are usually managed surgically because medical 
treatment is associated with the risk of inflammation; 
however, recent reports suggest that high-dose albendazole 
(30 mg/kg/day) is associated with clearance of these cysts. 
A ventriculoperitoneal shunt should be placed in all 


patients with evidence of significant obstructive hydro- 
cephalus. 





Surgical removal of the cyst is considered the treatment 
of choice for intraocular cysts; antihelminthic medication 
should be avoided as discussed earlier. Cysts in the 
extraocular muscle may be treated with albendazole and 
steroids, or surgically excised. Isolated skeletal muscle 
or subcutaneous cysticercosis requires no specific 


treatment unless, it is painful, and then simple excision 
may suffice. 


Suggested Reading 


* Kraft R. Cysticercosis: an emerging parasitic disease Am Fam 
Physician 2007; 76:91-6. 


* Hawk MW, Shahlaie K, Kim KD, Theis JH. Neurocysticercosis. Surg, 
Neurol 2005; 63:123-32. 
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* Zammarchi L, Bonati M, Strohmeyer M, et al. Screening, diagnosis 
and management of human cysticercosis and taeniasis: Technica] 
recommendations COHEMI project study group. Trop Med Int 
Health 2017; 22:881-94. 


Hymenolepiasis 


Infection with Hymenolepis nana, also known as the dwarf 
tapeworm, is very common in developing countries. Man 
acts as both definitive and intermediate host because the 
entire life cycle may be completed in human host; 
however, rodents, ticks and fleas may serve as the 
intermediate host. The infestation usually results from 
poor hygiene. The adult worm lives in the jejunum. 
Transmission is mainly feco-oral, but autoinfection may 
also occur, such that one host may harbor upto thousands 
of adult worms. Symptoms are usually non-specific, 
including mild abdominal discomfort, poor appetite and 
cosmophilia, some show growth retardation. The infection 
is a major cause of eosinophilia. The diagnosis is based 
on the demonstration of characteristic eggs in stools. 
Treatment is with praziquantel (25 mg/kg once) or 
niclosamide (50 mg/kg once, maximum 2 g). 


Echinococcosis (Hydatid Disease) 


Human echinococcosis is an infestation caused by larval 
stages of members of the genus Echinococcus, and is 
characterized by production of unilocular or multilocular 
cysts in the lung and liver. Echinococcosis is endemic in 
most continents of the world, with hyperendemic areas 
in Western China, North Africa, West Asia and areas of 


South America. 


Pathogenesis 


Hydatidosis is a zoonosis caused by two Echinococcus 
species, E. granulosus and E. mulilocularis. The parasite eggs 
are transmitted from members of the canine family like 
dogs and wolves, to various wild and domestic animals 
like sheep, cattle and goats, which act as intermediate 
hosts. Humans are accidental hosts. Eggs from the adult 
worm are passed in the stools that may contaminate the 
water and soil, and also the fur coats of dogs. Ingestion of 
food or water contaminated with eggs or direct contact 
with infected dogs may result in humans being infected 
accidentally. Eggs hatch in the intestines to release larvae 
that penetrate the intestinal mucosa, and traverse the 
venous or lymphatic system to reach the liver, lungs and, 
less commonly, other target organs. 

In the target organs, larvae develop into characteristic 
multiloculated fluid-filled cysts, called hydatid cysts. In 
children, lung cysts are common, whereas in adults, cysts 
are more commonly seen in the right lobe of the liver. 
Other tissues that may be involved include bone, brain, 
genitourinary tract, intestines and subcutaneous tissue. 
The cyst may keep on expanding over several years. 

Life cycle of E. multilocularis is the same except that 
rodents and mice serve as intermediate hosts, and the cysts 


are multilocular that proliferate exogenously and also 


metastasize. 


Clinical Features 
Symptoms depend on the target organ involved, Ve 
often, liver cysts may regress spontaneously Without 
becoming symptomatic. Otherwise, cysts may become 
symptomatic after several years when significant mass 
effect results in abdominal pain vomiting, increase jp 
abdominal girth and a palpable mass; jaundice is rare 
Alveolar cysts have a more malignant course. Direct 
spread of infected tissue may result in cysts in the 
peritoneal cavity, kidneys, adrenal gland or bones. Lung 
cyst may present with chest pain, cough, hemoptysis and 
breathlessness. Involvement of the genitourinary tract may 
manifest as passage of cysts in the urine (hydatiduria) and 
hematuria. Rupture or leakage from a hydatid cyst may 
cause anaphylaxis, manifest as fever, itching and rash, and 
results in dissemination of infectious scolices. Rare but 
potentially serious complications include compression of 
important structures in the central nervous system, bone, 
heart, eyes or genitourinary tract. 


Diagnosis 


Physical examination may reveal a palpable mass, hepato- 
megaly or subcutaneous nodules. Ultrasonography is the 
most valuable tool in diagnosing echinococcal cysts, Lung 
hydatids may be visible on plain X ray. MRI and CT may 
be used for further delineation (Fig. 11.28). Diagnostic 
aspiration is generally contraindicated because of risk of 
infection and anaphylaxis. Antibody detection by ELISA 
is more sensitive but less specific. The test uses partially 
purified antigens that cross-reacts with other parasites 
such as cysticercosis and schistosomiasis. 


Management 


Treatment depends on the stage and location of the lesion, 
and importantly the experience of the treating center and 
includes albendazole, surgical excision or PAIR 
(percutaneous aspiration, instillation of hypertonic saline 
or another scolicidal agent; and reaspiration after 
15 minutes). 


Suggested Reading 


* Czemak BV, Akhan O, Hiemetzberger R, et al. Echinococcosis of 
the liver Abdom Imaging 2008; 33:133—-43. 

* Nabarro LE, Amin Z, Chiodini PL. Current management of cystic 
echinococcosis. Clin Infect Dis 2015; 60:721-8, 


RATIONAL ANTIMICROBIAL THERAPY 
AND ANTIMICROBIAL RESISTANCE de 
dha lend sin Wd) Ia |) 


Rational antimicrobial therapy refers to using anti- 
microbials only when indicated; the right drug for the right 
duration through the right route and in the right dose: 
Irrational use of antibiotics compromises treatme™ 
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Fig. 11.28: Large hydatid cyst of the liver 


outcomes, increases adverse effects and cost of therapy. 
[rational use of antimicrobials is the biggest driver for 
antimicrobial resistance. Rising antimicrobial resistance 
is responsible for increasing morbidity, mortality and 
treatment cost of infections. 


The most important antimicrobial resistance challenges 
are: 

+ Resistance in gram-negative bacilli due to production 
of extended spectrum beta-lactamases and carba- 
penemases (New Delhi metallo-beta-lactamase) 

¢ Multidrug-resistant tuberculosis 

* Chloroquine-resistant falciparum malaria 

* Resistance in HIV. 


Examples of Irrational Therapy 


‘ Prescribing antimicrobials when not indicated, e.g. 


using antibiotics to treat viral upper respiratory tract 
infections and viral gastroenteritis 

Prescribing multiple antimicrobials at the same time, 
irrational combinations and changing them frequently 
Using high end antimicrobials such as carbapenems to 
treat community acquired infections and using drugs 
for MRSA such as vancomycin when not indicated. 
Using fewer drugs than indicated for diseases such as 
tuberculosis, HIV, malaria. 


Causes 


* Practitioner errors due to inadequate knowledge about 
Microbial etiology and resistance patterns. Other 
reasons are fear of missing a diagnosis, in order to 
circumvent investigations and sometimes due to 
Pressure from parents. The wrong belief that use of 
Newer and multiple antimicrobials is beneficial also 
drives practitioners to over use antibiotics. | 
Self medication by parents and as per pharmacist 
recommendations 

Aggressive marketing of antimicrobials by pharma- 
©eutical companies 


* Ready availability of antimicrobials over the counter 
and licensing of irrational fixed drug combinations such 
as cefixime-ofloxacin. 


Solutions 


* Education of medical practitioners about rational 
antimicrobial practices from the undergraduate level 
through postgraduation and for practicing doctors. 

¢ Development of evidence-based guidelines to treat 
common infections and ensuring that they are 
implemented. 

¢ Educating the public and parents about the hazards of 
overuse of antibiotics 

¢ Legislation to prevent over the counter availability of 
antimicrobials and licensing of irrational fixed drug 
combinations 

¢ Preventing overuse of antimicrobials in the veterinary 
industry 

¢ Establishing antimicrobial stewardship programs in 
hospitals targeting use of antimicrobials in inpatients 
especially intensive care units. 


suggested Reading 


* Marston HD, Dixon DM, Knisely JM. Antimicrobial resistance. 
JAMA 2016; 316:1193-1204. 


HEALTHCARE-ASSOCIATED INFECTIONS 
AND INFECTION CONTROL 


Healthcare-associated infections (HAIs) are termed as 
those infections that occur in hospitalized patients and 
were neither present nor incubating at the time of 
admission. They include those infections that occur as a 
result of hospital visit (varicella following exposure in the 
emergency room or outpatient visit), or in hospitalized 
patients (diarrhea) or health care personnel (see Chapter 28). 


Iypes of HAIs 


These may range from minor infections such as viral upper 
respiratory tract infections, diarrhea to serious infections. 
Immunocompromised children, those in the intensive care 
unit and those who undergo surgery are at the greatest 
risk for serious infections, These infections include central 
line-associated bloodstream infections (CLABSI), health 
care-associated pneumonia (HAP), catheter associated 
urinary tract infections (CAUTIs), surgical site infections 
(SSIs) and C. difficile associated diarrhea. 


Etiology of HAIs 


The etiology of health care associated infections in India is 
predominantly resistant gram-negative bacilli including 
ESBL (extended spectrum beta-lactamase), AmpC beta- 
lactamases and now even carbapenamase producing E. coli, 
Klebsiella, Pseudomonas and Acinetobacter spp. Gram- positive 
pathogens including S. aureus and enterococcus are less 
common. Candida is emerging as an important pathogen. 
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Clinical Manifestations 


The clinical manifestations inelude new ONset Lover, 
hemodynamic compromise, respiratory deterloration and 
diarrhea depending on the site of HAL. Some of the | Ils 
can be rapidly progressive and lead to septic shock and 
multiorgan dysfunction in a few hours. HALs need to be 
differentiated from non-infectious causes of fever auch as 
drug fever, thrombophlebitis, pulmonary embolism and 
atelectasis. Mere isolation of bacteria from non sterile alte 
cultures such as trachea, urine, stool and drains Is not 
indicative of HAIs and should not be treated. 


Consequences of HAls 


HAIs can lead to significant morbidity, mortality and 
lengthen duration and cost of hospital stay. More 
importantly they lead to increase use of high end 
antimicrobials that further amplify the problem of 
antimicrobial resistance. 


Treatment 


Management entails early recognition and sending 
appropriate cultures including blood, endotracheal 
aspirates, urine and pus, and starting broad-spectrum 
antibiotics pending reports. The choice of antibiotics varies 
with the severity and site of infection, prior antibiotic 
exposure, local antimicrobial resistance patterns and host 
comorbidities such as renal/ hepatic dysfunction. Usually 
this regime comprises beta-lactam-betalactamase inhibitor 


Essential Pediatrios 


combinations such av plperactiin tazobactam oF 
cofoperavone sulbactany or carbapenema with or Withoy 
amikacin and antifingala, tn certain 1CUs with high 
provalonce of carbapenem realalance, ecolatin May bp 
needed, Source control sueh as removal of Infected lines 
and drainage of pus ds ceuclal In the Interests og 
antinleroblal stewardship, the role of de-escalation ang 
opUimization of therapy aldb=72 hours once culttire results 
are available cannot be overemphasized, 


Provention 


Infection prevention and control Is the cardinal strategy 
lo prevent HAIs. The most important ts hand hygiene with 
antimicrobial soap and water or alcohol-based hand rub 
before and after each patient contact, before sterile 
procedures and after contact with patient surroundings, 
Implementing prevention bundles for CLABSI/ HAP/ 
CAUT! and SSI are integral to any Infection control 
program, Maintaining a clean hospital environment with 
attention to air and water quality and following standard 
and transmission based precautions are olher components 
of preventive stralegy. 


suggested Reading 


¢ Poster CB, Sabella C, Health care-assoclated Infections in children. 
JAMA 2011; 305:1480-81. 

¢ Patrick SW, Kwal AT, Kleinman K, et ol, Health care-associated 
infections among crilleally ill children in the US. Pediatrics 2014; 
134:1-10, 
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GASTROINTESTINAL SYSTEM 


Most diseases of the gastrointestinal (GI) tract present with 
afew symptoms, such as vomiting, dysphagia, abdominal 
pain, distension, diarrhea, constipation, gastrointestinal 
bleeding and failure to thrive. Appropriate evaluation 
requires an assessment of symptoms and signs, listing 
differential diagnosis and planning investigations. 


Vomiting 


Vomiting refers to acute expulsion of gastric contents 
through the mouth. Vomiting should be differentiated 
from regurgitation, especially in infants. Regurgitation is 
the involuntary and effortless expulsion of small amounts 
of gastric contents that is not accompanied by nausea. 
Recurrent or persistent vomiting requires thorough 
evaluation and treatment. Persistent vomiting may be 
complicated by dehydration, hypokalemic hypochloremic 
metabolic alkalosis, malnutrition and constipation. 
Vigorous vomiting can uncommonly result in esophageal 
mucosal tear (Mallory-Weiss syndrome) or rupture 
(Boerhaave syndrome). 

Vomiting is a common, but often nonspecific, symptom 
that may be acute, chronic or recurrent (Table 12.1). Short- 
lasting vomiting with acute onset is the most common 
form and is often caused by viral infections. Chronic 
Vomiting may be (i) cyclic, characterized by 25 stereotype 
pisodes occurring at high intensity (24 emesis /hr) and 
infrequently (<2 episodes/week), with normalcy in 
between; or (ii) chronic, characterized by frequent episodes 
(>2/week) at low intensity (1-2 emesis/hr) (Fig. 12.1). 
While chronic vomiting is usually caused by a gastro- 
intestinal etiology, cyclic vomiting is predominantly due 
to Neurologic, metabolic and endocrine causes. 


Evaluation 

A detailed history and examination often gives clue to the 
diagnosis. The etiology of vomiting varies according to 
48e; while infectious causes occur across all ages, most 
“Ongenital anomalies, e.g. atresia or stenosis and metabolic 
disorders, present in the neonatal period or infancy. The 
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Table 12.1: Causes of vomiting 


Gastrointestinal Nongastrointestinal 

Acute 

Gastroenteritis Infections, e.g. urinary tract 
Hepatitis infection, meningitis, ence- 
Appendicitis phalitis, pertussis 


Raised intracranial tension 
Diabetic ketoacidosis 
Defects in fatty acid oxidation 
or respiratory chain 

Drug or toxin induced 


Small intestinal obstruction, 
(malrotation, volvulus, 
intussusception) 
Cholecystitis 

Pancreatitis 


Chronic 


Raised intracranial tension 
Chronic sinusitis 

Uremia 

Overfeeding 


Gastroesophageal reflux 
Gastritis 

Gastric outlet obstruction 
(hypertrophic pyloric 
Stenosis, peptic ulcer) 
Small bowel obstruction 
(duodenal stenosis, annular 
pancreas, superior 
mesenteric artery syndrome) 
Food allergy 

Achalasia cardia 
Gastroparesis 

Eosinophilic esophagitis 


Recurrent 


Cyclic vomiting 
Abdominal migraine 
Malrotation with volvulus 


Urea cycle defects 
Diabetic ketoacidosis 
Addison disease 


first step is to find out whether the vomitus is bilious or 
non-bilious. This determines the site of disease. Lesions 
beyond the ampulla of Vater cause bilious vomiting and 
those proximal to it lead to non-bilious vomiting. 
Associated features may indicate etiology, e.g. vomitus 
containing stale food 

outlet obstruction), 
vomiting in early morning (intracranial neoplasm or cyclic 
vomuting syndrome), vertigo (middle ear disorder) and 


of previous day (suggests gastric 
Visible peristalsis (obstruction), 














Time in days 
Fig. 12.1: Chronic and cyclic pattern of vomiting 


hypotonia (mitochondrial disorders). The ‘red flag’ 
symptoms and signs in a child with vomiting are the 
presence of blood or bile in the vomitus, severe abdominal 
pain with abdominal distension or tenderness, projectile 
vomiting, persistent tachycardia or hypotension, neck 
stiffness and/or photophobia. These patients need 
immediate investigation in a hospital. 

Workup for chronic vomiting should include 
evaluation for cause with blood chemistry (blood sugar, 
electrolytes, serum amylase and liver enzymes); 
ultrasound abdomen, upper gastrointestinal endoscopy 
and, as indicated by available clues, barium studies (meal 
and small bowel follow-through), gastric emptying scan, 
CT or MRI brain, metabolic testing or urine analysis. It is 
important to remember that children with cyclic vomiting 
should be evaluated during symptomatic attack before 
starting intravenous fluids since test results are typically 
non-contributory during asymptomatic periods. 

Evaluation of a child with acute vomiting should 
include assessment of hydration, electrolytes, creatinine 
and plain X-ray abdomen (in suspected surgical causes). 
Promethazine and ondansetron are useful in postoperative 
vomiting and to abort episodes of cyclical vomiting. 
Ondansetron, given alone or with dexamethasone, 
is preferred for chemotherapy-related vomiting. 
Domperidone and metoclopramide are useful in patients 
with gastroparesis. Antihistaminics like diphenhydramine 
help in motion sickness. Management of the underlying 
condition is essential. 

Some common disorders presenting with vomiting are 
described below. 


idiopathic Hypertrophic Pyloric Stenosis 


Hypertrophic pyloric stenosis is the most common surgical 
disorder of the gastrointestinal tract in infants. The pylorus 
is thickened and elongated with narrowing of its lumen 
due to hypertrophy of the circular muscle fibers of pylorus. 


Clinical presentation: Patients present with non-bilious 
vomiting that gradually increases in frequency and 
severity to become projectile in nature. The disorder is 
4-6 times more common in boys than girls. Most patients 
present with vomiting starting beyond 3 weeks of age; 


however, about 20% are symptomatic since birth and 
presentation is delayed until 5 months of age in others. 
Constipation is common. Recurrent and Persistent 
vomiting causes dehydration, malnutrition ang 
hypochloremic alkalosis. As the stomach muscles contract 
forcibly to overcome the obstruction, a vigorous peristaltic 
wave can be seen to move from left hypochondrium to 
umbilicus, particularly on examination after feeding, A 
firm olive-shaped mass is palpable in the mid-epigastrium 
in 75-80% infants, especially after feeds. 


Evaluation: Ultrasound abdomen is the diagnostic 
investigation and shows muscle thickness of 24 mm and 
pylorus length of 216 mm. The ultrasound is 100% 
sensitive and nearly 90% specific in diagnosis of 
hypertrophic pyloric stenosis. However, in case of doubt, 
an upper GI barium study (Fig. 12.2) or an upper GI endo- 
scopy should be performed. 


Management: The treatment includes rapid correction of 
dehydration and electrolyte abnormalities. The treatment 
of choice is surgical; a Ramstedt pyloromyotomy is 
performed, 


Cyclic Vomiting 


This is defined as occurrence of stereotypic episodes of 
intense nausea and vomiting as defined previously, with 
complete normalcy between episodes and the absence of 
a metabolic, neurologic or gastrointestinal disorder. An 
episode may last for an hour to 10 days and occurs at least 
1 week apart. Episodes are often triggered by physical or 
emotional stress, The patient should have had at least 





Fig. 12.2: Upper gastrointestinal barlum study showing 
narrowing and elongation of pylorle channel In Idlopathle 
hypertrophic pyloric stenosis 
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5 episodes in all or 3 episodes during a 6-month period. 
Typically, the attacks begin in early morning with 
symptoms of autonomic surge, e.g. lethargy, pallor, mild 
fever, headache, tachycardia, hypertension, diarrhea and 
abdominal pain. Most subjects have onset in preschool or 
school age. Family history of migraine and/or motion 
sickness is noted in 30-40% cases. Symptoms may overlap 
with abdominal migraine, 


Management: Known precipitants of the episodes should 
be avoided. Management of an attack includes providing 
a quiet environment, administration of intravenous fluids, 
use of serotonin 5-HT, antagonists such as ondansetron 
(0.3-0.4 mg/kg /dose IV q 4-6 hr up to 20 mg) and sedation 
with lorazepam (0.05-0.1 mg/kg/dose IV every 6 hr). 
Agents recommended for prophylaxis against future 
attacks are cyproheptadine (0.25-0.5 mg/kg/day in two 
or three divided doses) in children below 5 years and, in 
older children, amitriptyline (initiate at 0.25-0.5 mg/kg / day 
at bedtime; may increase up to maximum of 1.0-1.5 mg/ 
kg/day) or propranolol (0.25-1 mg/kg/day; up to 10 mg 
q 8-12 hr), 


Gasfroesophaged! Reflux Disease (GERD) 


Gastroesophageal reflux (GER) is passage of gastric 
contents into the esophagus with or without regurgitation 
and vomiting. GER is a normal physiologic process that 
occurs several times a day in healthy infants, children and 
adults. When this reflux of gastric contents causes 
troublesome symptoms and/or complications, itis known 
as GERD. About 50% of healthy 3—4-month-old infants 
regurgitate at least once per day and most of them outgrow 
this by 1 year of age. Follow-up studies suggest that infants 
with persistent spitting beyond 3 months of age are at an 
increased risk of developing GERD in childhood. Children 
with obesity, repaired esophageal atresia, cystic fibrosis, 
hiatal hernia, preterm babies and a family history of GERD 
are at risk of developing severe chronic GERD. 
Neurologically impaired children like those with cerebral 
palsy have increased risk of severe GERD due to multiple 
factors like low pressure of the lower esophageal sphincter 
and predominant supine position. 


Clinical features: The common symptoms associated 
with GERD in children are: (i) recurrent regurgitation; 
(ii) weight loss or poor weight gain; (iil) irritability (in 
infants); (iv) heartburn or chest pain (older children); 
(v) hematemesis, dysphagia and odynophagia (if 
complicated by esophagitis or stricture esophagus), 
(vi) wheezing, stridor, cough and hoarseness; and 
(vii) Sandifer syndrome, an uncommon manifestation, 
characterized by spasmodic torsional dystonia with 
arching of the back and opisthotonic posturing. 


Evaluation: A detailed history and physical examination 
are generally sufficient to establish the diagnosis of GERD. 
seful investigations are as follows: 


24 hours ambulatory esophageal pH monitoring is a 
validated method for quantitative measurement of 
esophageal acid exposure (Fig. 12.3). It is also used to 
evaluate the efficacy of anti-secretory therapy and to 
correlate symptoms (e.g. cough, chest pain) with acid 
reflux episodes. 


Combined 24 hours multiple intraluminal impedance and 
plf monitoring detects acid, weakly acid and nonacid 
reflux episodes. It is thus superior to pH monitoring alone 
which detects only acid reflux episodes. Its main utility is 
to evaluate the temporal relationship between symptoms 
and GER episodes. 


Upper GI endoscopy may show erosions or mucosal breaks 
in the distal esophageal mucosa, the most reliable evidence 
of reflux esophagitis. Mucosal erythema and pallor are 
highly subjective and nonspecific findings. Complications 
like stricture esophagus (Fig. 12.4) and Barrett's esophagus 
can be picked up at endoscopy. Histological features like 
elongated rete pegs, basal cell layer hyperplasia and 
dilated intercellular spaces, alone or in combination, are 
suggestive of reflux esophagitis. 


Endoscopic biopsy is important to evaluate other causes 
of esophagitis and to diagnose Barrett’s esophagus. While 
not useful for the diagnosis of GERD, barium contrast 
radiography helps rule out anatomic abnormalities of the 
upper gastrointestinal tract that may cause symptoms 
similar to those of GERD. This investigation should be 
done in all infants with vomiting. 


Nuclear scintigraphy has a role in the diagnosis of 
pulmonary aspiration in patients with chronic and 
refractory respiratory symptoms due to GERD. 


Empiric trial of acid suppression: Using proton pump 
inhibitors for up to 4 weeks is justified in older children 
or adolescents with typical symptoms suggesting GERD. 


Management: Treatment of GERD depends on patient’s 
age and nature and severity of symptoms and includes 
lifestyle changes, pharmacologic therapy and surgery. 


Lifestyle changes: Infants should be placed in left lateral 
position with the head end elevated by 30° in the 
postprandial period to reduce the frequency of reflux. Cow 
milk protein allergy is sometimes a cause of unexplained 
crying and vomiting in infants. Therefore, formula-fed 
infants with recurrent vomiting may benefit from a 24 
weeks trial of an extensively hydrolyzed protein formula. 
Infants with inadequate weight gain because of losses by 
regurgitation may benefit from increasing the energy 
density of formula. Careful follow-up with charting of 
caloric intake and weight gain is essential. 

For children and adolescents with GERD, measures that 
are useful include: Dietary modification (to avoid caffeine, 
chocolate and spicy foods), weight loss if obese, sleeping 
in the left lateral position with elevation of the head-end 
of the bed, avoidance of alcohol and cessation of smoking. 
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Fig. 12.3: 24 hours esophageal pH study. Upper panel shows a normal study and lower panel shows frequent eplsodes of acidic 


reflux with drop in pH to <4 suggestive of GERD 





Fig. 12.4: Upper gastrointestinal endoscopy showing ulceration 
with stricture formation In reflux esophagitis 


Histamine-2 receptor antagonists like ranitidine (5-10 mg/ 
kg/day in 2-3 divided doses) decrease acid secretion by 
inhibiting receptors on gastric parietal cells. Development 
of tachyphylaxis is a problem with these agents. They are 


chiefly used in infants with GERD in whom PPI are still 
not approved for use. 


Proton pump inhibitors (PPIs) inhibit acid secretion by 
blocking Na*-K*t-ATPase, the final common pathway of 
parietal cell acid secretion. PPIs are the agent of choice for 
GERD. PPIs maintain intragastric pH 24 for long periods 
and inhibit meal-induced acid secretion. PPIs currently 
approved for use in children are omeprazole (0.7-3.3 mg/ 
kg/day, max 80 mg), lansoprazole (1-3 mg/kg/day, 
max 60 mg) and esomeprazole (10 mg/ day below 20 kg, 
10-20 mg above 20 kg in children between 1 and 11 years 
of age, 20-40 mg above 12 years of age). Children with 
typical symptoms of chronic heartburn should be treated 
with lifestyle changes and 2-4 weeks trial of PPI. In 
patients with endoscopically diagnosed reflux esophagitis 
or established non-erosive reflux disease, PPIs for 
3 months constitute initial therapy. 


Antacid therapy is not recommended for most patients 
with GERD. There is insufficient evidence to justify the 
routine use of prokinetic or other agents such as cisapride, 
metoclopramide, domperidone, bethanechol, erythro- 
mycin or baclofen for GERD, 


Surgical therapy: Fundoplication decreases reflux by 
increasing the baseline lower esophageal sphincter 
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pressure, decreasing the number of episodes of transtent 
lower esophageal sphincter relaxation and increasing the 
nadir pressure during swallow-induced relaxation, 
increasing the length of intra-abdominal esophagus, 
accentuating the angle of His and reducing a hiatal hernia, 
if present. Antireflux surgery may be of benefit in selected 
children with chronic-relapsing GERD with intractable 
symptoms or risk of life-threatening complications. 


Suggested Reading 


» Li BU, Lefevre F, Chelimsky GG, et al; North Americen Socety for 
Pediatric Gastroenterology, Hepatology and Nutrton. Consensus 
statement on the diagnosis and management of ovdlic vomiting 
syndrome. J Pediatr Gastroenterol Nutr 2008; £7:73-93. 

» Gastroesophageal reflux: management guidelines for the 
Pediatrician. Pediatrics 2013; 131;21684-1695. 


Dysphagia 


Dysphagia refers to a sensation of food being hindered in 
its passage from the mouth to the stomach, ie. difficulty 
in swallowing. Odynophagia is painful swallowing and 
globus is the sensation of a lump in the throat. Dysphagia 
can be divided into two distinct groups: 


Oropharyngeal or transfer dysphagia: Presence of drooling, 
choking, coughing and nasal regurgitation suggests 
oropharyngeal dysphagia. Disorders involving chewing, 
oral transfer or pharyngeal phase of swallowing cause this. 


TR ae 


= ah: 


 Etfology Investigation 


Corrosive (acid or alkali) 


Barium swallow and meal; 
stricture 


upper GI endoscopy 


Stricture after repair of 
tracheoesophageal fistula 


Congenital stricture 


Barium swallow (Fig. 12.5) 


Barium swallow; CT chest 


-Postsclerotherapy stricture Barium swallow; upper 


Gl endoscopy 

Barium swallow; 
endoscopy; 24 hours pH 
study 


Peptic stricture 


| Foreign body Plain X-ray; upper Gl 


endoscopy (Fig. 12.6) 
Barium swallow; endoscopy 
esophageal manometry 


Upper GI endoscopy, 
endoscopic biopsy 


Achalasia cardia 


Infectious esophagitis (in 
Immunocompromised children) 


GQ): Gastrointestinal 


The main causes are cerebral palsy, bulbar poliomyelitis, 
muscular dystrophy, brainstem tumors and neuropathy, 


Esophageal dysphagia: This occurs due to conditions 
involving esophageal phase of swallowing, Le. coordinated 
peristalsis of esephageal body with simultaneous 
relaxation ef LES. Eticlogy of esophageal dysphagia can 
be broadly divided inty two groups: Motor causes (eg. 
achalasia cardia and diffuse esophageal spasm) and 
structural causes (e.g. strictures, foreign body, Schatzki's 
ring, esophageal web, eesinophilic esophagitis and extrinsic 
compression by aberrant vessel or mediastinal mass), 


Differential Diagnos's and Evaluation 


The important causes of dysphagia and their evaluation 
are shown in Table 12.2 as well as discussed below. 


Congenital esophageal stenosis; This may be of three 
types: Web or diaphragm, fibromuscular stenosis and 
stenosis due to cartilaginous tracheobronchial remnants, 
Symptoms of vomiting or chest infection due to aspiration 
typically develop around 6 months of age when weaning 
is Started. 


Foreign bodies in esophagus: Sharp foreign bodies and 
batteries can cause damage by perforation secondary to 
pressure or chemical necrosis and can present with 


jo 


Finding 


Narrowing in one or multiple, 
short or long, segments of 


esophagus; may show 
contracted stomach or 
pyloric stenosis 
Narrowing of a short 
segment of esophagus 
Stricture in middle or 
lower esophagus; carti- 
laginous tissue in 
stricture 

Narrowing in lower end 
of esophagus 
Narrowing in lower 
esophagus; may 

show hiatus hernia or 
erosions 


Type of foreign body 
and site of impaction 
Beak-like narrowing in 
lower esophagus 

White curd-like deposits 
(Candida); ulcers (cyto- 
megalovirus, herpes) 


Table 12.2: Evaluation and management of esophageal lesions that cause dysphagia ‘ 


Treatment 


Endoscopic dilatation (Balloon 
or Savary-Gilliard dilators) 


Endoscopic dilatation 


Endoscopic dilatation or surgery 





Endoscopic dilatation 


Endoscopic dilatation; proton 
pump inhibitor after dilatations 


Endoscopic retrieval 


Pneumatic dilatation; Heller's 
cardiomyotomy 


Fluconazole (Candida); ganciclovir 


(cytomegalovirus) or acyclovir 
(herpes) 
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Fig. 12.5: Post-TEF stricture. Black arrow shows the short stricture 
and white arrow shows the dilated proximal esophagus 
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Fig. 12.6: Upper Gl endoscopy showing foreign body (coin) in 
esophagus 


dysphagia, mediastinitis and/or upper gastrointestinal 
bleeding. The vast majority of foreign bodies pass 
unimpeded through the GI tract. The most frequent sites 
of impaction are at the cricopharynx, mid esophagus at 
tracheal bifurcation and just above the LES. 

Guidelines recommend that no foreign body should be 
left in esophagus for more than 24 hours. Endoscopic removal 
under sedation or anesthesia is the standard of therapy. 


Achalasia cardia: Children present with dysphagia, 
vomiting, weight loss, respiratory symptoms and slow 
eating whereas toddlers present with coughing and 
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Fig. 12.7: Barium swallow showing achalasia cardia 


feeding aversion with failure to thrive. The onset is gradual 
and the average age at diagnosis in children is around 
8-9 years. The barium swallow shows esophageal dilatation 
with beak-like narrowing at the LES (Fig. 12.7), Manometry 
is the most sensitive and specific tool and shows absent 
peristalsis in esophagus; incomplete/absent LES relaxa- 
tion and raised intraesophageal pressure. Endoscopy is 
useful to exclude other etiologies of dysphagia. 

Endoscopic pneumatic balloon dilatation and Heller's 
cardiomyotomy with antireflux procedure are two main 
therapeutic modalities. The experience with per oral 
endoscopic myotomy (POEM) is limited. 


suggested Reading 


¢ Gariepy CE, Mousa H. Clinical management of motility disorders 
in children, Semin Pediatr Surg 2009; 18:224-28. 

* Pandolfino JE, Gawron AJ. Achalasia a systematic review. | AMA 
2015; 313;1841-52. 


Constipation 


Constipation is defined as a delay or difficulty in 
defecation, present for 2 or more weeks and sufficient to 
cause significant distress to the patient. It is increasingly 
being recognized as a very common problem tn children 
and is associated with both physical and psychologicé 
morbidity and a poor quality of life. The normal stoo 
frequency decreases from 4 or more per day during 
infancy to once per day at 4 years of age. A stool frequency 
of <2/week is considered abnormal for all ages. 
majority of patients have functional constipation; o'8° 
cause is found in ~15% (Table 12.3). 


nic 


Approach 


Details about pattern of stooling, time of first pa 
meconium, presence of blood in stools, diet, stres° 


ssage of 
ful life 
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Ss Table 12.3: Causes of constipation 
intestinal nerve/muscle disorders: Hirschsprung disease, 
intestinal neuronal dysplasia, pseudo-obstruction, spinal cord 
abnormalities (tethered cord, myelomeningocele) 


Anorectal: Anteriorly placed anus, anal stenosis, rectal stricture, 
pelvic mass (sacral teratoma) 

Systemic disease; Hypothyroidism, celiac disease, diabetes 
insipidus, diabetes mellitus, hypercalcemia, cystic fibrosis, 
myotonic dystrophy 

Developmental: Mental retardation, autism 


Drugs: Opiates, anticholinergic agents, phenobarbitone, 
vincristine, lead 


events, drug intake and previous surgeries should be known. 
A predominantly liquid and low fiber diet (milk based) is 
common and contributes to constipation. A complete 
physical and neurological examination is essential. 
Examination for features of spina bifida (pigmentation or 
tuft of hair on lower back), power in lower limbs, perianal 
sensation, voluntary contraction and tone of anal sphincter 
and amount and consistency of stool in rectum on per 
rectal examination are extremely useful for diagnosis. 
‘Red flags’ like failure to thrive, blood in stools, 
recurrent fever with loose stools (enterocolitis), recurrent 
vomiting, lump in abdomen, recurrent chest infections and 


features of hypothyroidism should alert the physician to 
suspect organic etiology. 


Functional Constipation 


The increase in intake of low residue diet and sedentary 
lifestyle is responsible for the increase in functional 
constipation in children. Functional constipation is defined 
by the presence of at least 2 or more of the following 
criteria: (i) two or fewer defecations in the toilet per week; 
(ii) at least 1 episode of fecal incontinence per week; 
(iii) history of retentive posturing or excessive volitional 
stool retention; (iv) history of painful or hard bowel 
movements; (v) presence of a large fecal mass in the 
rectum; and (vi) history of passage of large diameter stools 
that may obstruct the toilet. 

Children with functional constipation pass large or hard 
Stools and display stool withholding behavior, 
characterized by stiffening of whole body and screaming 
in infants, to walking on tiptoes or tightening of buttocks 
in older children. This is often misunderstood by parents 
as if the child is trying to defecate. Often an acute illness, 

ange in diet, coercive toilet training or non-availability 
of clean toilet leads to non-passage of stools. The stools 
become hard and cause pain on passage which leads to 
association of defecation with pain and withholding. This 

ther increases stool size and hardness with more pain 
on defecation. Children with functional constipation have 
abdominal pain (10-70%), anorexia (10-25%), enuresis or 


aon tract infections (30%) and psychological problems 
%), 


Management: No investigations are required for diagnosis 
in the majority of children with functional constipation. 
However, an X-ray abdomen may be done to document 
impaction in select situations, e.g. an obese child who is 
not willing for a per rectal examination. Two main steps 


in the management are disimpaction and maintenance 
therapy. 


Disimpaction is required in patients who have a rectal 
impaction, i.e. presence of a large hard mass of feces on 
per rectal examination or abdominal fecoliths or retentive 
encopresis. Rectal impaction is responsible for progressive 
dilatation of the rectum over time and increased threshold 
volume for rectal sensation and defecation. This ‘clean out’ 
is essential, if maintenance therapy is to be effective. The 
oral route is preferred over rectal as it is less invasive. 
Total bowel wash is done to clean the entire colon using 
polyethylene glycol (PEG) in a dose of 1.5 g/kg/day for 
3-4 days at home. Alternatively, PEG electrolyte solution 
can be given in the dose of 15-40 mL/kg/hr till the rectal 
output is clear and devoid of solid fecal material. In young 
children, this should be done using a nasogastric tube and 
in hospital under supervision. Intravenous fluids may be 
required in small children to maintain adequate hydration. 
An alternative to oral administration of PEG is the use of 
phosphate enema (contraindicated in <1l-year-old) or 
sodium dioctyl sulfosuccinate enema, 30-60 mL/10 kg 
body weight to a maximum of 120 mL, once or twice 
daily for 1-2 days. Repeated rectal enemas should be 
avoided. 

The aim of maintenance therapy is to promote regular 
stooling and prevent reimpaction. Success of this therapy 


is defined as passage of 1-2 soft stools per day and no 
soiling. It includes the following components: 


i. Behavioral training involves establishing a positive 
routine of sitting on toilet for passing stools after meals 
regularly (2-3 times per day for 5-10 min) and 


documenting all stool passage. Embarrassment or 
punishment should be avoided. 


ii. Dietary changes: A nutritious diet with fruit/vegetables 
and adequate fluids is given, A short trial of milk and 
milk product free diet may be done in refractory cases 
suspected to have bovine milk allergy. 


lil. Medication: Regular and tailor-made (as per response) 
laxative use is the key to success and this should be 
explained to the family. Osmotic laxatives, like 
lactulose (1-3 mL/kg/day), and PEG (0.8-1.0 g/kg/ 
day), are the first-line agents. Stimulant laxatives like 
senna or bisacody] are to be used only intermittently 
as arescue therapy to avoid impaction. Prokinetics like 
cisapride are not recommended. In infants, mineral oil 
and stimulant laxatives should not be used. Glycerin 
suppository is preferred over enema for impaction in 
infants. Premature withdrawal of medications is a very 
common cause of relapse. 
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Prognosis: Most of the children need maintenance therapy 
for 6-2-4 months. About 50-60% patients achieve success at 
1 year and 70-80% in the long-term. Nearly 50% patients 
will have a relapse after successful therapy. In nearly one- 
third patients, constipation persists even after puberty. 
Oiner Etiologies of Constipation 

A subgroup of children with constipation who fail to 
respond to medical management despite compliance or 


have red flags will need evaluation for organic disorders. 
The main modalities of investigation are as follows: 


Rectal biopsy: A full thickness rectal biopsy or suction 
biopsy with mucosa and submucosa is required to rule 
out Hirschsprung disease, neuronal intestinal dysplasia 
and hypoganglionosis. 

Anorectal manometry: Innormal persons, the internal anal 
sphincter shows relaxation on distension of rectum with 
a balloon (or stools). This is known as rectoanal inhibitory 
reflex and its presence excludes the diagnosis of 
Hirschsprung disease. 

MRI of lumbosacral spine: It is useful for diagnosis of 
spina bifida occulta or tethered cord. 


Colonic transit study: Assessment of total and segmental 
colonic transit time is done either by radiopaque markers 
or by scintigraphy. Based on transit studies, various 
patterns of colonic motility have been defined: Normal 
colonic transit, slow transit constipation (prolonged transit 
throughout the colon) and outlet obstruction (delayed 
transit through anorectum) (Fig. 12.8). 


Metabolic, endocrine and others: It is useful to screen for 
hypothyroidism, cystic fibrosis, hypercalcemia, celiac 
disease and lead poisoning. 
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Fig. 12.8: Colonic transit study showing retained radiopaque 


markers in the left colon suggestive of outlet obstruction in a 
child with constipation 
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and myenteric plextio aaAGROnGekE 
rectum is aganglionic and the agang extends 
roximally in a variable length of colon. The absence of 
Steric neurons leads to tonic contraction of the aganglionic 
segment and functional obstruction. This multigenj, 
disorder can be familial or spor adic. Down syndrome js 
one of the most common associated malformations, 
Hirschsprung disease 1s classified by the length of involveq 
intestine, with ~75% cases involving only the colon distal 
to splenic flexure (classic form or short segment disease), 
~20% involving colon proximal to splenic flexure and ~5% 
cases involving entire colon and small bowel as well. 
Affected infants present shortly after birth with 
constipation and signs of distal obstruction. About 
60-90% children with Hirschsprung disease fail to pass 
meconium in first 48 hours of life. Occasionally, the disease 
is missed and the child presents later with chronic 
constipation, failure to thrive and episodes of enterocolitis 
(loose stools with blood and mucus). Presence of empty 
rectum on per rectal examination with a gush of liquid 
stools on withdrawal of finger suggests the diagnosis. 
In neonatal period, plain X-ray abdomen reveals bowel 
distension with multiple air-fluid levels and paucity of 
air in pelvis. A carefully performed barium enema without 
prior colonic preparation and slow injection of contrast 
clearly delineates the narrow agan glionic bowel, transition 
zone and proximal dilated colon in Hirschsprung disease 
(Fig. 12.9). In contrast, in functional constipation, the 
rectum is grossly dilated, with a rectum to sigmoid ratio 
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re Table 12.4: Differences between functional constipation and Hirschsprung disease _ 


Feature 
Passage of meconium 


Functional constipation 
Normal 


Hirschsprung disease 


Delayed 
Onset of symptoms Beyond 1 year of age Within infancy 
Encopresis Yes No 
Stool withholding behavior Yes No 
Episodes of enterocolitis No Yes 
Growth failure No Yes 
Abdomen Not distended; may have palpable fecoliths Distended 


Per rectal examination Soft to hard stools present 
Barium enema 
Anorectal manometry 


Rectal biopsy Ganglions present 


of >1 and absence of transition zone. However, a normal 
study does not exclude Hirschsprung disease. Absence 
of rectoanal inhibitory reflex on anorectal manometery 
suggests Hirschsprung disease. Rectal biopsy is the gold 
standard in diagnosing Hirschsprung disease, with full 
thickness biopsy being ideal. Documentation of the absence 
of ganglionic cells in the myenteric and submucosal plexus 
is essential for the diagnosis. Hypertrophied nerves with 
increase in acetylcholinesterase activity in the para- 
sympathetic nerve fibers are seen in the aganglionic segment. 
The main differences between functional constipation and 
Hirschsprung disease are shown in Table 12,4. 

Management depends on timing of diagnosis and is 
essentially surgical; the role of medical management is 
restricted to stabilizing the general condition and treating 
episodes of enterocolitis. Definitive surgical treatment 
involves resection of the aganglionic bowel, pull through 
and anastomosis of normally innervated ganglionic bowel 
close to the anal margin. Effort is made to preserve the anal 
canal and sphincter mechanism, thus preserving continence. 
In patients with delayed presentation, a colostomy in the 
ganglionic bowel is performed initially to relieve the 
obstruction and allow the dilated hypertrophied proximal 
bowel to return to normal. Subsequently, definitive surgery 
is performed. Now less invasive, laparoscopic and single 
staged surgeries are performed, in comparison to previous 
2-3 staged procedure. In the long-term, majority show 
improvement but nearly two-thirds of patients have some 
form of constipation or continence problem. 


Suggested Reading 
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Khanna V, Poddar U, Yachha SK. Etiology and clinical spectrum 
of constipation in Indian children. Indian Pediatr 2010; 47:1025-30. 
Langer JC. Hirschsprung disease: Curr Opin Pediatr. 2013 Jun; 
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Rectum larger than sigmoid; ratio >1 
Rectoanal inhibitory reflex present 


Empty rectum with gush of stools on 
removing the finger 

Rectosigmoid ratio <1; transition zone seen 
Rectoanal inhibitory reflex absent 
Ganglions absent 


Abdominal Pain 


Abdominal pain is a common manifestation of multiple 
pathologies which vary from benign to life-threatening 
conditions. The pain may be acute or chronic in nature. 
To be able to arrive at a diagnosis, careful history and 
examination and appropriate investigations are necessary. 

Anunderstanding of pain perception in the abdomen and 
location of pain provides valuable information (Fig. 12.10). 

The gut is innervated by the enteric nervous system 
which is involved in regulating secretion, motility and in 
sensory perception of visceral pain, The enteric nervous 
system is also influenced by the central nervous system. 
Stretching of the overlying visceral peritoneum or 
inflammation results in pain sensation. The pain from the 
stomach and proximal intestine is sensed in the 
epigastrium; from the midgut to the periumbilical area; 
and from the transverse colon to the suprapubic area. The 
inflammation in the parietal peritoneum causes pain in 
the overlying abdominal wall. Thus, the pain of 
appendicitis is referred to the periumbilical area when the 
inflammation is restricted to the visceral peritoneum, but 
is perceived in the right iliac fossa when the inflammatory 
fluid comes in contact with the parietal peritoneum. Pain 
arising from retroperitoneal structures is referred to the 
back as it is sensed by the somatic nerves in the posterior 
abdominal wall. Referred pain is common in abdominal 
pathologies; a subdiaphragmatic collection on the right 
side may manifest as right shoulder pain and ureteric pain 
is referred to the corresponding side as testicular pain. 
Radiation of pancreatic pain to the back and ureteric pain 
from loin to groin are also known. 

Physicians must distinguish abdominal pain due to 
emergent diagnoses like appendicitis or intussusception 
from benign conditions like gastroenteritis or constipation. 
Examination should be meticulous including examination 
of genitalia as torsion of testes or incarcerated hernia can 
be easily overlooked. Differential diagnosis should be 
considered in terms of age as many diagnoses are seen 
more commonly in children of certain age groups as 
shown in Table 12.5, 
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Small bowel colic: Strictures, 


malrotation, tuberculosis 
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Fig. 12.10: Causes of abdominal pain as per site of pain. RH rght hypochondrium; LH left hypochondrium 


Table 12.5: Common causes of abdominal pain 


Infants and young children (<2 years of age): Colic, acute 
gastroenteritis, intussusception, malrotation of gut with 
volvulus, incarcerated hernia, trauma, necrotizing enterocolitis 


Preschool children (2—5 years of age); Acute gastroenteritis, 
urinary tract infections, constipation, intussusception, acute 
appendicitis, malrotation of gut with volvulus, intestinal 
perforation with peritonitis, choledochal cyst, lower lobe 
pneumonia, incarcerated hernia, torsion testis, acute 
pancreatitis, diabetic ketoacidosis, Henoch-Sché6nlein purpura, 
Meckel diverticulum, trauma 


Older children and adolescents: Acute gastroenteritis, gastritis, 
acute appendicitis, Crohn disease, constipation, urinary tract 
infections, dysmenorrhea, pelvic inflammatory disease, ectopic 
pregnancy, Mittelschmerz, renal calculi, acute pancreatitis, 
cholecystitis, pneumonia, trauma, early phase of acute viral 
hepatitis, testicular or ovarian torsion, intestinal obstruction, 
perforation or peritonitis 


Acute Appendicitis 


Acute appendicitis is the commonest pediatric surgical 
emergency and is more common in older children. The 
condition is considered as occurring due to obstruction 
of the appendiceal lumen by either fecolith or lymphoid 
tissue, e.g. following viral infection. The obstruction, 


distention and infection in the appendix causes 
progressive inflammation and, subsequently, perivration. 
The patient presents with fever and anorexia fo!lowed 
by pain in the periumbilical area. Vomiting foliows the 
periumbilical pain, unlike in gastroenteritis. As the 
inflammatory fluid spreads, the pain is then feit in the 
right iliac fossa (McBurney point) towards which the child 
characteristically points with a finger. A retrocecal 
inflamed appendix may be difficult to diagnose and may 
manifest as spasm at the hip. The diagnosis is most often 
based on clinical suspicion after history and examination. 


Palpation reveals localized tenderness and is best elicited: 
if there is rebound tenderness. 


Hemogram shows polymorphonuclear leukocytos!§ 
Urine microscopy should be done to rule out urinary ‘tat 
infection. Abdominal ultrasound detects a dilated (>6m™™ 
tubular, aperistaltic structure which is not compressible 
and is surrounded by fluid. Ultrasound has a sensitivity 
of 85-90% and specificity of 95-100% for diagnosiné 
appendicitis. Computed tomography may be done 
occasionally, if the diagnosis is in doubt. In up to 0" 
third of patients, the appendix ruptures before surgery: 
Intravenous fluids and antibiotics for gram-negative ss 
anaerobic coverage should be given in all cases. Early 
surgery is necessary to prevent complications li 
perforation, appendiceal abscess and sepsis. 
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intussusception 


This is a common cause of intestinal obstruction in children 
between 3 months and 6 years. Intussusception refers to 
the telescoping of a proximal segment of intestine 
(intussusceptum) into a distal segment (intussuscipiens). 
This may be ileocolic, colocolic or ileoileal. Most cases 
occur in infants during the weaning period following 
introduction of a new food, vaccination or upper 
respiratory tract infection. An area of enlarged submucosal 
Peyer’s patch probably acts as a lead point. Beyond two 
years of age, the possibility of a submucosal lead point 
like lipoma and polyp that needs surgical resection should 
be considered as failure to resect them will lead to 
recurrence. Inflammatory conditions, like Henoch- 
Schoénlein purpura, also result in intussusception. As a 
result, there is venous congestion, bowel edema leading 
to arterial obstruction, bowel ischemia, necrosis, 
perforation and shock. The classic triad of abdominal pain, 
red currant jelly stools (blood and mucus) and palpable 
mass is seen only in a small percentage of children. X-ray 
abdomen shows paucity of air in right lower quadrant. 
Ultrasound is the investigation of choice that confirms the 
diagnosis (‘doughnut’sign) and provides information 
about presence of a mass as lead point. Vascularity of 
bowel is best assessed on color Doppler. Barium enema 
shows a characteristic ‘claw’ sign, if the intussusception 
involves colon. Early reduction either with saline (under 
ultrasound guidance), barium contrast (both diagnostic 
and therapeutic) or with air insufflation is advisable. 
Reduction with air is safer with lower recurrence rates. 
Failure of radiological reduction or suspected intestinal 
gangrene may necessitate surgery and resection. 


Gallstones (Cholelithiasis) 


Gallstones are of three main types: Cholesterol stones with 
>50% cholesterol, pigment (black or brown) stones and 
mixed types. Pigment stones are common in children with 
hemolytic anemia. High-risk groups for gallstones include 
children with hemolytic anemia, obesity, ileal resection 
or disease, intake of drugs like ceftriaxone, progressive 
familial intrahepatic cholestasis type Il and total 
Parenteral nutrition. Overall, hemolytic anemia and other 
Predisposing conditions account for 20-30% and 30-40% 
of gallstones, respectively, while 30-40% cases remain 
idiopathic. 


Clinical presentation: Typical presentation is with acute 
or recurrent episodes of right upper quadrant or epigastric 
Pain which may radiate to the right shoulder. Icterus and 
Pain radiating to the back is suggestive of a stone in 
Common bile duct or ampulla causing pancreatitis. Fever 
8 uncommon; however, if present, it suggests presence 
f cholecystitis or cholangitis. 


Diagnosis: Serum bilirubin and alkaline phosphatase are 
elevated, if the stone is in the common bile duct. Raised 
‘mylase suggests pancreatitis. Ultrasonography is the 





investigation of choice for diagnosis of gallstones. MRCP 
and ERCP have a better accuracy than ultrasonography 
in diagnosing common bile duct stones. These children 
should be investigated with hemoglobin, reticulocyte 
count, peripheral blood picture and other investigations 
to look for hemolytic disease. 


Management: Symptomatic cholelithiasis is treated by 
open or laparoscopic cholecystectomy. Common bile duct 
calculi can be removed by ERCP or at surgery by common 
bile duct exploration. Children with asymptomatic gall- 
stones without underlying predisposing factors can be 
safely followed up. Patients with sickle cell disease should 
be subjected to prophylactic cholecystectomy, even if gall- 
stones are asymptomatic. Children with other hemolytic 
anemias should be screened by ultrasonography, if they 
are being considered for splenectomy and cholecystec- 
tomy should be done along with splenectomy in those 
having gallstones. 


Choledochal Cyst 


Choledochal cyst refers to abnormal cystic dilatation of 
biliary tree either as a single or multiple dilatations. This 
may or may not have associated intrahepatic cystic 
dilatations. It can present in the neonatal period as 
cholestasis, mimicking biliary atresia (5% of all neonatal 
cholestasis), or in the older child with recurrent episodes 
of pain, obstructive jaundice or mass in right upper 
quadrant. Acute or recurrent pancreatitis may be the 
presentation of choledochal cyst, either due to stone 
impaction at lower end of common bile duct, or due to 
anomalous pancreatobiliary junction known to be 
associated with choledochal cyst. Biliary peritonitis 
secondary to bile duct perforation can complicate a 
choledochal cyst. Untreated cases may go on to develop 
secondary biliary cirrhosis. 


Ultrasonography is the investigation of choice to 
diagnose choledochal cyst. MRCP is done to define the 
anatomy of the pancreaticobiliary ductal system before 
surgical excision (Fig. 12.11). Definitive treatment is with 
cyst resection and hepaticojejunostomy in the majority as 
there is a risk of malignancy (cholangiocarcinoma) in the 
epithelium of the cyst, if left in situ. Antibiotics and 
supportive therapy are required before surgery for a child 
presenting with obstructive jaundice and cholangitis. 


Malrotation 


Rotational abnormalities developing during the matura- 
tion of the gut cause recurrent obstruction, occurring as 
either the Ladd’s band or volvulus of the gut over the 
narrow mesenteric pedicle. About 80-90% cases of 
volvulus occur within the first year of life. Abdominal pain 
with bilious vomiting suggests small bowel obstruction, 
abdominal distension may not be a prominent finding. 
Findings of malrotation are confirmed on barium meal 
follow through (BMFT), which shows duodenojejunal 


| 23 





25 | Essential Pediatrics 


or 


: 


.. 
~ 

Pes. 
~~ 


J moi 
ee 


*. 
~ . 
oe 


* 





Fig. 12.11: Magnetic resonance cholangiopancreatography _—‘ Fig. 12.12: Barium meal follow through showing malotation ¢ 
(MRCP) showing choledochal cyst intestine 


junction on the right of the spine (rather than to the left of | antral nodularity as compared to ulcers without such 
midline at the level of pylorus),an abnormally positioned infection. Mechanical ventilation and coagulopathy 
caecum and small bowel loops on the right side of increase risk of bleeding in stress ulcers. 


abdomen (Fig. 12.12). If volvulus is also present, the Diagnosis is established by upper GI endoscopy by 
contrast abruptly tapers into a corkscrew appearance at direct visualization of location (gastric or duodenal), 
the level of the second portion of duodenum. number and size of ulcer (Fig. 12.13). Endoscopic 


After resuscitation, emergency laparotomy is required |§ management can be done at the same time in ulcers with 
for correction of the defect, usually by the Ladd’s active bleeding or ooze or those with a visible vessel. One 
procedure, which includes derotation of the volvulus, can also obtain gastric biopsies for Helicobacter pylon 
division of the Ladd’s band, widening of the base of the __ testing. 
mesentery, placement of bowel in a state of nonrotation Proton pump inhibitors are the mainstay of therapy- 
and appendicectomy. eked bleeding ulcers require endoscopic th<rapy, with 
sclerosant or adrenaline injection, application of heale! 
PEDIC probe or bipolar Wecsoonagulation: or placement of 
Both gastric and duodenal ulcers occur infrequently in hemoclip over bleeding vessel. Evaluation for Helicobactet 
children. Ulcers may be primary, i.e. related to Helicobacter 
pylori or secondary, e.g. due to drugs (NSAIDs, steroids), 
stress (shock, sepsis and ischemia), corrosives, Ménetrier’s 
disease, Crohn’s disease and Zollinger-Ellison syndrome. 

Clinical presentation depends on the age. Neonates 
typically present with bleeding and perforation from a 
gastric ulcer, usually occurring in the setting of another 
underlying problem, such as sepsis or respiratory distress. 
Older infants and toddlers frequently vomit, eat poorly 
and have upper GI bleeding. Older children may have 
the classical epigastric pain which is relieved by eating. 
However, this is noted only in a minority; most patients 
have pain that is ill-localized and similar to that seen in 
functional dyspepsia. Overt or occult bleeding 1s seen in 
approximately half of school-age children with ulcer 
disease. Gastrointestinal bleeding, vomiting with 
obstruction and severe pain due to perforation suggest 
complicated ulcers. Ulcers associated with Helicobacter 
pylori infection affect older children, family history ofulcer Fig. 12.13: y 
disease is usually noted and upper GI endoscopy shows qd 








: sirointestinal endoscoP 
Uodenal ulcer in the first part of duodenum 
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Jori is essential in all cases with peptic ulcer and merits 
specific therapy with two of three antibiotics (amoxicillin, 
metronidazole, clarithromycin) and proton pump 
inhibitor. Predisposing factors, including NSAIDs, should 
be avoided. Surgery is indicated in children presenting 
with gastric outlet obstruction or uncontrolled bleeding 
despite drug and endoscopic treatment. 


Acute Pancreatitis 


Acute pancreatitis is less common in children than adults 
and occurs chiefly due to trauma, drugs (valproate, L- 
asparaginase), viral infections (mumps), hemolytic uremic 
syndrome, congenital biliary anomalies, Henoch- 
Schénlein purpura and occasionally, gallstones, 
hypercalcemia or hypertriglyceridemia. Diagnosis is based 
on presence of upper abdominal pain (with or without 
radiation to the back), elevated serum amylase or lipase 
and radiological imaging (ultrasonography, CT scan) 
showing bulky, edematous pancreas. Acute severe 
pancreatitis may result in acute respiratory distress 
syndrome, acute renal failure, shock, GI bleed, 
disseminated intravascular coagulation, hypoglycemia, 
hypocalcemia or infected pancreatic necrosis. Late 
complications include pancreatic abscess and pseudocyst 
formation (Fig. 12.14). Early supportive care in intensive 
care is critical in severe acute pancreatitis. Radiological, 
endoscopic or surgical interventions may be required for 


patients with pseudocyst, pancreatic abscess or infected 
necrosis. 


Chronic Abdominal Pain 


Chronic abdominal pain refers to the pain that is either 
episodic or continuous and lasts for a period of at least 
2months. The prevalence of chronic abdominal pain in 
children varies from 0.5 to 19% and depends on the age 
group evaluated. The principles of diagnosis with regard 
to clinical evaluation are similar to that in acute abdominal 
pain but the etiologies differ. In addition to organic causes, 





ne 12.14: Contrast-ennhanced CT scan showing pseudocyst 
° Patient with acute pancreatitis 


an important cause is nonorganic abdominal pain which 
is responsible for nearly 75% of all cases. As per the Rome 
Ill criteria, such pain is termed ‘abdominal pain related to 
functional gastrointestinal disorders.’ 


Chronic Pancreatitis 


This condition is characterized by recurrent episodes of 
abdominal pain and exocrine and/or endocrine pancreatic 
insufficiency. On imaging, diagnosis is based on demonstra- 
tion of pancreatic calcification and/or dilated pancreatic 
duct. Chronic pancreatitis in children may be idiopathic 
or hereditary, autoimmune, tropical, metabolic (hyper- 
calcemia) or secondary to recurrent acute pancreatitis. 
Children present initially with repeated episodes of 
pancreatic pain. Chronic diarrhea with fat malabsorption 
(exocrine insufficiency) and symptoms of diabetes mellitus 
develop later along with failure to thrive. Local 
complications include pseudocyst, pancreatic ascites, 
pancreatic duct stricture, biliary strictures and portal 
hypertension due to splenic vein thrombosis. These 
patients are also at an increased risk of pancreatic 
carcinoma, particularly those with hereditary pancreatitis. 
X-ray abdomen may show pancreatic calcification. 
Ultrasound and CT scan demonstrates ductal dilatation 
(Fig. 12.15), strictures, calcification and altered size or 
echotexture of pancreas. ERCP and MRCP help define the 
pancreatic ductal anatomy (e.g. prominent stricture, 
intraductal calculi) and planning of endoscopic or surgical 
therapy. Exocrine pancreatic insufficiency is confirmed by 
demonstrating excess fat and reduced pancreatic elastase 
or chymotrypsin in stool. Fasting and postprandial blood 
sugar help evaluate for endocrine insufficiency. Evalua- 
tion for etiology should include looking for hypercalcemia 
or hyperlipidemia and testing for mutations in cationic 
trypsinogen gene to confirm hereditary pancreatitis. 
Treatment includes supportive therapy during acute 
attacks, administration of antioxidants and oral pancreatic 
enzyme supplements for exocrine pancreatic insufficiency 





Fig. 12.15: CT scan showing dilated maln pancreatic duct In 
Chronic pancreatitis 
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and endoscopic, radiological or surgical treatment for 
pseudocyst, ductal stricture and other complications, 
Surgical procedures like partial pancreatectomy or lateral 
pancreatojejunostomy are required in patients not 
responding to medical therapy. Celiac ganglion block is 
another alternative for pain control. Management of 
diabetes mellitus, if present, is essential. 


Abdominal Pain Related to Functional 
Gastrointestinal Disorders 


Abdominal pain related to functional GI disorders is 
diagnosed in the presence of pain that is present at least 
once a week in the preceding 2 months and the absence of 
an organic cause such as an inflammatory, anatomic, 
metabolic and neoplastic process. The pain is typically 
periumbilical and is clearly localized by the child. 

After extensive studies, the most accepted under- 
standing of childhood functional abdominal pain is of 
‘visceral hyperalgesia’, referring to an altered excessive 
perception of normal gut motility that is interpreted by 
the child as pain. This perception is influenced by the 
psychosocial stressors in school and home. The focus on 
the pain is further heightened by the growing concern in 
the family and the frequent visits to the doctors. Children 
of parents with increased anxiety and functional GI 
problems have an increased risk of developing functional 
pain in abdomen. The different types of functional gastro- 
intestinal disorders associated with abdominal pain are 
as follows: 


Functional dyspepsia: Persistent or recurrent pain or 
discomfort is centered in the upper abdomen, located 
above the umbilicus and not relieved by defecation nor 
associated with a change in stool frequency or form (i.e. 
no irritable bowel syndrome). 


Irritable bowel syndrome: Abdominal discomfort or pain 
is associated with two or more of the following: 
improvement with defecation, onset associated with a 
change in frequency of stool and onset associated with a 
change in consistency of stool. 


Abdominal migraine: Paroxysmal episodes of intense, 
acute periumbilical pain are noted, lasting for an hour or 
more with intervening periods of normal health lasting 
weeks to months. The episodes of pain interfere with 
normal activities and are associated with two or more of 
the following: Anorexia, nausea, vomiting, headache, 
photophobia and pallor. 


Childhood functional abdominal pain: This refers to episodic 
or continuous periumbilical abdominal pain that meets 
insufficient criteria for other types of FGIDs (functional 
gastrointestinal disorders). The criteria for childhood 
functional abdominal pain syndrome are satisfied, if the child 
has functional abdominal pain for at least 25% of the time 
plus one or more of the following: Some loss of daily 
functioning and additional somatic symptoms such as 
headache, limb pain, or difficulty in sleeping. 


\ 
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| (2.6: ' tures that indicate s 
‘Table 12.6: ‘Red flag’ signs or fea vs 
ilinesss In a child with abdominal pain Nous 


Pain localized away from umbilicus In rightieft upper or lowe, 


quadrant 

Nocturnal paln 

Falluro to thrive; welght loss 

Significant vomiting; billous vomiting 
Gastrointestinal blood loss 

Chronic diarrhea 

Persistent fever 

Jaundice 

Arthritis; rash 

Family history of inflammatory bowel disease 
Localized tenderness or mass in abdomen; organomegaly 
Perianal fistulae 


Among the various types mentioned above, functiona! 
abdominal pain is the most common. The diagnosis of 
childhood functional abdominal pain hinges on 
confidently ruling out organic etiology using 2 careful 
history and examination; extensive investigations are 
unnecessary. The history should include not only details 
of pain but also family details, child’s emotional 
environment in home and school, personality, coping 
skills, school performance and stress factors. The presence 
of alarming symptoms (Table 12.6) increases the 
probability of organic disorder and justifies further 
diagnostic testing. In the absence of red flags, the 
diagnostic yield of investigations is poor. Hemogram. ESR, 
stool routine and occult blood, and urine micrescopy 
should be carried out in all cases to rule out >rganic 
disease. Abdominal ultrasonography is not he!p:ut; the 
presence of lymph nodes of <10 mm is not a sizvuficant 
finding. Further investigation is required only :- those 
with alarm symptoms and based on the likely G:2<n0s1s. 

The aim of management of children with functional 
abdominal pain is to make a positive diagnosis, normalize 
the lifestyle to not allow pain to curtail daily acti: ties of 
school performance, and to rectify psychologica: !.1ctors: 
The crux of management is counseling the pare:s an 
the child, both jointly and separately, Parents nes to be 
reassured about the benign nature of the ailment and 
emphasis is laid upon avoiding too much attention f0 the 
child. The concept of visceral hyperalgesia should be 
explained to parents. Provision of a nutritious dict “I 
adequate fiber and avoiding intake of carbonate 
beverages and refined food helps in reducing bloating: 
The role of amitriptyline and hypnotherapy is restric 
to a few refractory cases. 


suggested Reading 


* Chiou E, Nurko S. Management of functional abdominal P 
irritable bowel syndrome in children and adolescents. Expert 
Gastroenterol Hepatol 2010; 4:293-304. as 

* Korterink J, Devanarayana NM, Rajindrajith S, Vliegert A. Bain 
MA. Childhood functional abdominal pain: mechaniso 
management, Nat Rev Gastroenterol Hepatol. 2015; 12(3):1977 

* Marin JR, Alpern ER. Abdominal pain in children. Emerg M 
North Am 2011; 29:401-28. 
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ACUTE DIARRHEA 


Au: ee 
piarrhea is defined as a change in consistency and 
frequency of stools, i.e. liquid or watery stools, that occur 
>3 times a day. If there is associated blood in stools, it is 
termed dysentery. In the vast majority of cases, these acute 
episodes subside within 7 days. Acute diarrhea may 


ersist for >2 weeks in 5-15% cases, which is labeled as 
ersistent diarrhea, 


The global annual burden of diarrhea is huge, affecting 
3-5 billion cases and causing approximately 2 million 
deaths a year. Diarrhea accounts for over 20% of all deaths 
in under-five children. The two most important 
consequences of diarrhea in children are malnutrition and 
dehydration. Malnutrition and diarrhea form a vicious 
cycle, since malnutrition increases the risk and severity 
of diarrhea. Impaired absorption, loss of nutrients, 
increased catabolism and improper feeding in diarrhea 
aggravate the severity of malnutrition. A child may lose 
as much water and electrolytes from the body during an 
episode of diarrhea as an adult, which translates into a 
higher proportion of total body water loss in the child. 
Significant dehydration with abnormal electrolyte and 
acid-base status occurs in 2—5% of all cases of diarrhea, 
which may be fatal. 


Table 12.7: Causes of acute diarrhea 


Bacterlal 

Escherichia coli; Enterotoxigenic, enteropathogenic, entero- 
invasive*, enterohemorrhagic” and enteroaggregative types 
Shigella’: S. sonnei, S. flexneri, S. boydii and S. dysenteriae 
Vibrio cholerae serogroups O1 and 0139 

Salmonella’: Chiefly S. typhi and S. paratyphi A, B or C 
Campylobacter species” 


Viral 


Rotavirus 

Human caliciviruses: Norovirus spp.; Sapovirus spp. 

Enteric adenoviruses serotypes 40 and 41 

Others: Astroviruses, coronaviruses, cytomegalovirus, 
picornavirus 


Parasitic 


Giardia lamblia 
Cryptosporidium parvum 
Entamoeba histolytica* 
Cyclospora cayetanensis 
Isospora belli 


“Cause diarrhea with or without dysentery 


Risk Factors 
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Factors determining susceptibility to diarrhea include 
poor sanitation and personal hygiene, nonavailability of 
safe drinking water, unsafe food preparation practices and 
low rates of breastfeeding and immunization. Young 
children (<2 years) and those with malnutrition are more 
susceptible to acute diarrhea and have more severe and 
prolonged episodes. Risk factors for prolonged and 
recurrent episodes of diarrhea include presence of hypo- 
or achlorhydria (due to Helicobacter pylori infection or 
therapy with proton pump inhibitors), selective IgA 
deficiency, infection with human immunodeficiency virus 
(HIV) and other chronic conditions. Alteration of normal 


intestinal microflora by antibiotics can predispose to C. 
difficile infection. 


Etiology 


Intestinal infections are the most common cause of acute 
diarrhea. However, certain drugs, food allergy, systemic 
infections (e.g. urinary tract infection and otitis media) 
and surgical conditions (e.g. appendicitis or Hirschsprung 
disease) can also present as acute onset diarrhea. Causative 
agents of acute diarrhea (Table 12.7) can be identified in 
nearly 70-80% episodes of acute diarrhea. Rotavirus 
remains the leading cause of severe, dehydrating 
gastroenteritis worldwide. In India, rotavirus and 
enterotoxigenic E. coli account for nearly half of the total 
diarrheal episodes among children. In rotavirus diarrhea, 
vomiting is an early feature and diarrhea is more severe. 
Cholera accounts for 5-10% cases; it is endemic in some 
parts and may occur in outbreaks. In cholera, stools are 
like rice water, vomiting is common and rapid onset of 
severe dehydration occurs within hours. Apart from 
enterotoxin producing E. coli (ETEC), which accounts for 
Nearly 20% of childhood diarrhea, enteroinvasive E. coli 
(EIEC) and enterohemorrhagic E. coli (EHEC) can cause 
dysentery. EHEC may also cause hemolytic uremic 
syndrome. Shigella and Salmonella species are isolated in 
3~7% of childhood diarrheas. Shigella accounts for majority 
Of cases of dysentery whereas Entamoeba histolytica 
accounts for only 5% of dysentery. Giardia lamblia rarely 
causes acute diarrhea. Infection with Candida albicans can 
fause acute diarrhea in patients with malnutrition, 
mmunocompromised state or following prolonged anti- 
biotic treatment. Clostridium difficile should be suspected 
patients who have received broad-spectrum antibiotics. 





Pathogenesis and Clinical Findings 


Approximately 60% of a child’s body weight is water, 
present in two fluid compartments: The extracellular fluid 
(ECF) and intracellular fluid (ICF). The ECF includes 
circulating blood, intestinal fluid and secretions. Diarrheal 
losses come from ECF, which is relatively rich in sodium 
and has low potassium. Loss of water from the body 
causes a reduction or shrinkage of ECF volume. In half of 
these cases, the concentration of sodium in the plasma 
remains nearly normal (about 140 mEq/L); in another 
40-45% cases, excessive sodium is lost in the stools leading 
to a relative decline in serum sodium (hyponatremia) and 
a fall in ECF osmolality. This causes movement of water 
from the ECF to ICF compartment, causing further 
shrinkage of the already reduced extracellular compart- 
ment volume in hyponatremic dehydration. In about 5% 
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cases of diarrhea, especially if the child has been given 
fluids with extra salt, serum sodium levels may be elevated 
to >150 mEq/L and ECF osmolalilty is increased. 


Normally, skin turgor or elasticity is maintained by 
tissue water and fat. Shrinkage of extracellular water in 
both hypo- and isonatremic dehydration impairs skin 
elasticity. On pinching, it takes a few seconds for the skin 
fold to return to normal. In patients with hypernatremic 
dehydration, water moves from inside the cells to the ECF 
compartment due to the increased osmolality of ECF, and 
therefore, partially masks the loss of skin turgor. The skin 
appears soggy, doughy or leathery. In this situation, a 
severe case of hypernatremic dehydration is likely to be 
erroneously underestimated as mild dehydration, unless 
severe sequelae of dehydration such as circulatory or renal 
impairment are noted. 


As the ECF compartment is depleted, the blood volume 
is reduced. This results in a weak, thready pulse, low blood 
pressure and cold extremities. Because of low hydrostatic 
pressure in the renal glomeruli, the filtration of urine is 
reduced. This is ominous because poorly functioning 
kidneys cannot regulate metabolic derangements. Urine 
flow is a good indicator of the severity of illness. Severe 
cases are associated with renal failure. 


Diarrheal stools contain large amounts of potassium. 
Therefore, serum level of potassium invariably falls, if 
diarrhea persists for more than a few days. This is more 
pronounced in children with severe malnutrition with 
already depleted potassium stores. Affected children 
present with abdominal distension, paralytic ileus and 
muscle hypotonia. Electrocardiogram may show ST 
depression and flat T waves. Since intestinal secretions 
are alkaline, considerable bicarbonate is lost in diarrheal 
stools and acidosis usually accompanies dehydration. 
Patients remain asymptomatic till the base excess falls to 
12 mmol/L. Below this level, breathing becomes deep and 
rapid (Kussmaul breathing). 


Clinical features can be summed up as follows. The 
child is thirsty and slightly irritable in early and mild cases 
of diarrhea. As the diarrhea continues and dehydration 
worsens, the child becomes more irritable and develops a 
pinched look. The fontanelle, if open, is depressed, the 
eyes appear sunken and the tongue and the inner side of 
cheeks appear dry. Abdomen may become distended in 
hypokalemia. The child passes urine at longer intervals. 
As acidosis worsens, the breathing becomes deep and 
rapid. In extreme cases, the child appears moribund, with 
weak and thready pulses, low blood pressure and reduced 
urine output. Children with severe dehydration may 
succumb rapidly, if not treated promptly. 


Assessment of Child with Acute Diarrhea 


Goals of assessment: These are to: (i) determine the type 
of diarrhea, 1.€. acute watery diarrhea, dysentery or 
persistent diarrhea; (ii) look for dehydration and other 
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(iii) assess for malnutrition; (iv) rule 
ss especially systemic infection; 
both preillness and during illness 


mplications; 
nondiarrheal illne 
(v) assess feeding, We 

; - This should include information on: (i) onsey 
ae duration and number of stools per day; (ii) blooy 
in stools; (iii) number of episodes of vomiting; (iv) presenc, 
of fever, cough, or other significant symptoms (eg 
convulsions, recent measles); (v) type and amount Of fluids 
(including breast milk) and food taken during the illnes. 
and pre-illness feeding practices; (vi) drugs or other local 
remedies taken (including opioids or antimotility drugs 
like loperamide that may cause abdominal distension). 
and (vii) immunization history. 
Examination: The most important assessment is for 
dehydration. The degree of dehydration is assessed as per 
Table 12.8. One should look at the child’s genera] 
condition, whether he/she is alert, restless or irritable o; 
lethargic or unconscious. Other important assessments are 
for the appearance of eyes (normal or sunken) and the 
ability to drink water or ORS solution, whether taken 
normally or refused, taken eagerly, or an inability to drink 
due to lethargy or coma. Dehydration is also assessed by 
feeling for skin turgor; following pinching, the abdominal 
skin may flatten immediately, go back slowly or retum 
very slowly (more than 2 seconds). Based on the degree 
of dehydration after history and examinasion, the 
estimated fluid loss is calculated as follows: 


Out 


Degree of dehydration Assessment of fluid loss 
No dehydration <50 mL/kg 

Some dehydration 50-100 mL/kg 
Severe dehydration >100 mL/kg 


In addition, one should examine for features of 
malnutrition (anthropometry for weight and height; 
examination for wasting, edema and signs of vitamin 
deficiency), systemic infection (presence of cough, high 
grade fever, fast breathing and/or chest indrawing 
suggests pneumonia; high grade fever with splenomegaly 
Suggests malaria) and fungal infections (oral thrush o 
perianal satellite lesions). 


Laboratory investigations: The large majority of acute 
diarrheal episodes can be managed effectively even in 
absence of laboratory investigations. Stool microscopy % 
not helpful in management except in selected situations: 
such as cholera (darting motion suggests Vibrio cholerae) 
and giardiasis (trophozoites). Stool culture is of little value 
in routine management of acute diarrhea. It is useful [0 
decide on antibiotic therapy in patients with Shigella 
dysentery who do not respond to the initial emp!" 
antibiotics. Tests for stool pH and reducing substance? 
are not indicated in acute diarrhea. Hemogram, blood 54° 
estimation, serum electrolytes, renal function tests ar ee 
indicated routinely and are performed, only if the chil 

has associated findings like pallor, labored breathing: 
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eS Table 12.8: Assessment of dehydration in patients with diarrhea = 7 
“Look at | 
Condition’ Well alert Restless, irritable Lethargic or unconscious; floppy 
Eyes* Normal Sunken Very sunken and dry 
Tears Present Absent Absent 
Mouth and tongue? Moist Dry Very dry 
Thirst Drinks normally; Thirsty, drinks eagerly ‘Drinks poorly’ or is not able to drink 
not thirsty 
Feel 
Skin pinch* Goes back quickly Goes back slowly Goes back very slowly 
Decide The patient has no signs If the patient has two or lf the patient has two or more signs, there is 
of dehydration more signs, there is some severe dehydration 
dehydration 
Treat Use treatment Plan A Weigh the patient, if possible, Weigh the patient and use treatment 


and use treatment Plan B 


Plan C urgently 


‘A lethargic child is not simply asleep; the child cannot be fully awakened; has a dull mental state and the child may appear to be drifting into 


unconsciousness. 


2in some infants and children, the eyes normally appear somewhat sunken. It is helpful to ask the mother, if the child’s eyes are normal or more 


sunken than usual. 


‘Dryness of the mouth and tongue can also be palpated with a clean finger. The mouth may be dry in a child who habitually breathes through 
the mouth. The mouth may be wet in a dehydrated child owing to recent vomiting or drinking. 


‘The skin pinch is less useful in infants or children with marasmus (severe wasting), kwashiorkor (severe malnutrition with edema) and in 


obese children. 


altered sensorium, seizures, paralytic ileus or oliguria 
which suggests acid-base imbalance, dyselectrolytemia or 
renal failure. 


Principles of Management 


Management of acute diarrhea has four major 
components: (i) rehydration and maintaining hydration; 
(ii) ensuring adequate feeding; (iii) oral supplementation 
of zinc; and (iv) early recognition of danger signs and 
treatment of complications. 

The cornerstone of acute diarrhea management is 
rehydration by using oral rehydration solutions. After the 
history and examination, the child’s dehydration status 
is classified as no dehydration, some dehydration or severe 
dehydration and appropriate treatment is started. 


Physiological basis for oral rehydration therapy: In most 
cases of acute diarrhea, sodium and chloride are actively 
secreted from the gut mucosa due to pathogen-induced 
dysfunction of several actively functioning absorption 
pumps. However, glucose dependent sodium pump 
remains intact and functional transporting one molecule 
of glucose and dragging along a molecule of sodium and 
one of water across intestinal mucosa resulting in repletion 
of sodium and water losses. The glucose dependent 
sodium and water absorption is the principle behind 
teplacing glucose and sodium in 1:1 molar ratio in the 
WHO oral rehydration solution (ORS). An important 
consideration in making ORT is that the osmolarity of 
the replacement fluid should not exceed that of blood 
(290 mmol/L). Keeping the intestinal lumen at lower 
molarity as compared to blood allows for greater 
absorption of fluids into the bloodstream across 


concentration gradient, which also results in electrolyte 
absorption (by solvent drag). Since the concentration of 
glucose increases osmolarity, it is suggested that glucose 
concentration should not exceed 111 mmol/L. Meta- 
analyses have shown that use of low osmolarity ORS 
causes reduction of stool output, decrease in vomiting and 
decrease in the use of unscheduled intravenous fluids 
without increasing the risk of hyponatremia. For this 
reason, the recommendation for use of standard WHO 
ORS (having osmolarity of 311 mmol/L) was changed to 
low osmolarity WHO ORS (having osmolarity of 
245 mmol/L). Since 2004, based on the WHO/UNICEF 
and JAP recommendations, the Government of India has 
adopted the low osmolarity ORS as the single universal ORS 
to be used for all ages and all types of diarrhea. The com- 
position of the low osmolarity ORS is given in Table 12.9. 

In the absence of WHO ORS, one may administer 
culturally acceptable appropriate homemade fluids as 
shown in Table 12.10. Oral solutions should be given by a 
spoon or katori and in sips or small volumes rather than a 
large volume at one time as this increases the retention of 
oral fluids. 


Table 12.9: Composition of WHO recommended ORS 


Constituent g/L Osmole orion mmol/L 
Sodium chloride 2.6 Sodium 75 
Glucose, anhydrous 13.5 Chloride 65 
Potassium chloride 1.5 Glucose, anhydrous 75 
Trisodium citrate, 2.9 Potassium 20 
dihydrate Citrate 10 
Total osmolarity 245 
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_ Table 12.10: Home available fiuids for acute diarrhea | 
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Acceptable home available fluids 


Fluids that contain salt Oral rehydration solution, 

(preferable) salted drinks (e.g. salted rice 
water or salted yoghurt drink), 
vegetable or chicken soup 
with salt 


Plain water, water in which a 
cereal has been cooked (e.g. 
unsalted rice water), unsalted 
soup, yoghurt drinks without 
salt, green coconut water, 
weak unsweetened tea, 
unsweetened fresh fruit juice 


Commercial carbonated 
beverages, commercial fruit 
juices, sweetened tea 


Fluids that do not contain 
Salt (acceptable) 


Unsuitable home available 
fluids 


Treatment Plan A: Treatment of “No Dehydration” 


such children may be treated at home after explanation 
of feeding and the danger signs to the mother/caregiver. 
The mother may be given WHO ORS for use at home as 
per Table 12.11. Danger signs requiring medical attention 
are those of continuing diarrhea beyond 3 days, increased 
volume/frequency of stools, repeated vomiting, 
increasing thirst, refusal to feed, fever or blood in stools. 


Treatment Plan B: Treatment of “Some Dehyaration” 


All cases with obvious signs of dehydration need to be 
treated in a health center or hospital. However, oral fluid 
therapy must be commenced promptly and continued 
during transport. Fluid requirement is calculated under 
the following three headings: (i) provision of normal daily 
fluid requirements; (ii) rehydration to correct the existing 
water or electrolyte deficits; and (iii) maintenance to replace 
ongoing losses to prevent recurrence of dehydration. 
i. The daily fluid requirements in children are calculated 
as follows: 
Up to 10 kg = 100 mL/kg 
10-20 kg = 50 mL/kg 
>20 kg = 20 mL/kg 
As an example, the daily fluid requirement in a child 
weighing 15 kg will be 1250 mL (first 10 kg, 10 x 100 
= 1000 mL; another 5 kg, 5 x 50 = 250 mL, total 1000 + 
250 = 1250 mL). 
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"Table 12111 Oral rehydration therapy to prevent dehydrais 
(Plan A) 


n 


ther culturall ORS 
ee pasteles ORT fuids use bids aa for 
after each loose stool 
<24 mo 50-100 mL 500 mUday 
2-10 yr 100-200 mL 1000 mL/d ay 
>10 yr Ad lib 2000 mUday 


Explain use of ORS, i.e. the amount to be given, how to mix 

Give a teaspoonful every 1-2 min for a child under 2 years 

Give frequent sips from a cup for an older child 

if the child vomits, wait for 10 min. Then give the solution more Slowly 
(for example, a spoonful every 2-3 min) 

If diarrhea continues after the ORS packets are used up, tell the mothe, 
to give other fluids as described above or return for more ORS 


ii. Deficit replacement or rehydration therapy is calculated 

as 75 mL/kg of ORS, to be given over 4 hours. If ORS 
cannot be taken orally, then nasogastric tube can be 
used. If child’s weight cannot be taken, then only ape 
may be used to calculate fluid requirement as shown 
in Table 12.12. 
If, after 4 hours, the child still has some dehydration, 
then another treatment with ORS (as in rehydration 
therapy) is to be given. This therapy is effective in 95% 
cases. Oral rehydration therapy may be ineffective 
in children with a high stool purge rate of >5 mL/kg 
body weight/hr, persistent vomiting >3/hr, paralytic 
ileus and incorrect preparation of ORS (very dilute 
solution). 

lii. Maintenance fluid therapy to replace losses. This phase 
should begin when signs of dehydration disappear, 
usually within 4 hours. ORS should be administered 
in volumes equal to diarrheal losses, usually to 4 
maximum of 10 mL/kg per stool. Breastfeeding and 
semisolid food are continued after replacement of 
deficit. Plain water can be offered in between 


Treatment Plan C: Children with “Severe Dehycvation’ 


Intravenous fluids should be started immediateiy using 
Ringer lactate with 5% dextrose. Normal saline or plain 
Ringer solution may be used as an alternative, but 5% 
dextrose alone is not effective. A total of 100 mL/kg ° 
fluid is given, over 6 hours in children <12 months an 

over 3 hours in children >12 months as shown below: 


Age <4 mo 4—11 mo 12-23 mo 2-4 yr 5-14 yr >15 yl 
Weight <5 kg 5-8 kg 8-11 kg 11-16 kg 16-20 kg >30 kg 
ORS, mL 200—400 400-600 600-800 800-1200 1200-2200 >2200 
Number of glasses 1-2 2-3 344 4-6 6-11 12-20 


; ; ht 
The approximate amount of ORS required (in mL) can also be calculated by multiplying the patient's weight (in kg) times 75. When body weld 


is not known, the approximate amount of ORS solution to give in the first 4 hours is given according to age 


For infants under-6 months who are not breastfed, also give 100-200 mL clean water during this period 


Encourage breastfeeding 
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Age 30 mL/kg 70 mL/kg 
<12 mo 1 hr* 5 hr 
>12 mo 30 min* 2 %hr 


‘The above can be repeated, if child continues to have feeble/non- 
palpable radial pulse 


ORS solution should be started simultaneously, if the 
child can take orally. If IV fluids cannot be given (for 
reasons of access, logistic availability or during transport), 
nasogastric feeding is given at 20 mL/kg/hr for 6 hours 
(total 120 mL/kg). The child should be reassessed every 
1-2 hours; if there is repeated vomiting or abdominal 
distension, the oral or nasogastric fluids are given more 
slowly. If there is no improvement in hydration after 
3 hours, IV fluids should be started as early as possible. 


The child should be reassessed every 15-30 min for 
pulses and hydration status after the first bolus of 100 mL/ 
kg of IV fluid. Management following the first bolus of 
intravenous hydration is to be done as follows: 


i. Persistence of severe dehydration. Intravenous infusion 
is repeated. 


ii. Hydration is improved but some dehydration is present. IV 
fluids are discontinued; ORS is administered over 
4 hours according to Plan B 


iii. There is no dehydration. IV fluids are discontinued; 
treatment Plan A is followed. 
The child should be observed for at least 6 hours before 
discharge, to confirm that the mother is able to maintain 
the child’s hydration by giving ORS solution. 


Unique problems in infants below 2 months of age: 
Breastfeeding must continue during the rehydration 
process, whenever the infant is able to suck. Complications 
like septicemia, paralytic ileus and severe electrolyte 
disturbance are more likely in young infants with diarrhea 
than at later ages. Diarrhea in these infants should be 
ideally treated as inpatient by experienced physicians at 
treatment centers with appropriate facilities. This allows 
for careful assessment of need of systemic antibiotics and 
Monitoring. 


Nutritional Management of Diarrhea 


Children with severe malnutrition (marasmus or 
kwashiorkor) are at an increased risk of developing both 
acute diarrhea and its complications, such as severe 
systemic infection, dehydration, heart failure, vitamin and 
mineral deficiencies. Feeding should not be restricted in 
Such patients as this aggravates complications and 
creases morbidity and mortality. Early feeding during 

arthea not only decreases the stool volume by facilitating 
Sodium and water absorption along with the nutrients, 
but also facilitates early gut epithelial recovery and 
Prevents malnutrition. Once the child’s status starts 
proving, a higher than recommended intake is given 
'0 facilitate complete catch-up growth. 


Following are the recommendations on dietary 
management of acute diarrhea: 

i, In exclusively breastfed infants, breastfeeding should 
continue as it helps in better weight gain and decreases 
the risk of persistent diarrhea. 

Optimally energy dense foods with the least bulk, 

recommended for routine feeding in the household, 

should be offered in small quantities but frequently 

(every 2-3 hours). 

iii. Staple foods do not provide optimal calories per unit 
weight and these should be enriched with fat or oil 
and sugar, e.g. khichri with oil, rice with milk or curd 
and sugar, mashed banana with milk or curd, mashed 
potatoes with oil and lentil. 

iv. Foods with high fiber content, e.g. coarse fruits and 
vegetables should be avoided. 

v. In nonbreastfed infants, cow or buffalo milk can be 
given undiluted after correction of dehydration 
together with semisolid foods. Milk should not be 
diluted with water during any phase of acute diarrhea. 
Alternatively, milk cereal mixtures, e.g. dalia, sago or 
milk-rice mixture, are preferable. 

vi. Routine lactose-free feeding, e.g. soy formula is not 
required during acute diarrhea even when reducing 
substances are detected in the stools. 

vii.During recovery, an intake of at least 125% of 
recommended dietary allowances should be attempted 
with nutrient dense foods; this should continue until 
the child reaches pre-illness weight and ideally until 
the child achieves a normal nutritional status. 
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Zinc Supplementation 


Zinc deficiency has been found to be widespread among 
children in developing countries. Intestinal zinc losses 
during diarrhea aggravate pre-existing zinc deficiency. 
Zinc supplementation is now part of the standard care 
along with ORS in children with acute diarrhea. It is 
helpful in decreasing severity and duration of diarrhea 
and also risk of persistent diarrhea. Zinc is recommended 
to be supplemented as sulfate, acetate or gluconate 
formulation, at a dose of 20 mg of elemental zinc per day 
for children >6 months for a period of 14 days. 





Symptomatic Treatment 


An occasional vomit in a child with acute diarrhea does 
not need antiemetics. If vomiting is severe or recurrent 
and interferes with ORS intake, then a single dose of 
ondansetron (0.1-0.2 mg/kg/dose) should be given. 
Children with refractory vomiting despite administration 
of ondansetron may require intravenous fluids. 
Abdominal distension does not require specific 
treatment, if bowel sounds are present and the distension 
is mild. Paralytic ileus should be suspected, if bowel 
sounds are absent and abdomen is distended. Paralytic 
ileus can occur due to hypokalemia, intake of antimotility 
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agents, necrotizing enterocolitis or septicemia. In these 
cases, oral intake should be withheld. Hypokalemia along 
with paralytic ileus necessitates intravenous fluids and 
nasogastric aspiration. Potassium chloride (30-40 mEq/L) 
should be administered intravenously with parenteral 
fluids provided the child is passing urine. 

Convulsions associated with diarrhea may be due 
to (i) hypo- or hypernatremia; (ii) hypoglycemia; 
(iii) hypokalemia following bicarbonate therapy for 
acidosis; (iv) encephalitis; (v) meningitis; (vi) febrile 
seizures; or (vii) cerebral venous or sagittal sinus 
thrombosis. The management depends on the etiology. 


Drug Therapy 


Most episodes of diarrhea are self-limiting and do not 
require any drug therapy except in a few situations. 
Antibiotics are not recommended for routine treatment 
of acute diarrhea in children. In acute diarrhea, 
antimicrobials are indicated in bacillary dysentery, cholera, 
amebiasis and giardiasis. Escherichia coli are normal gut 
flora and their growth on stool culture is not an indication 
for antibiotics. Acute diarrhea may be the manifestation 
of systemic infection and malnourished, prematurely born 
and young infants are at a high risk. Thus such babies 
should be screened and given adequate days of age 
appropriate systemic antibiotics for sepsis. Presence of 
(i) poor sucking; (ii) abdominal distension; (iii) fever or 
hypothermia; (iv) fast breathing; and (v) significant 
lethargy or inactivity in well-nourished, well-hydrated 
infants points towards sepsis. 

There is little scientific evidence that binding agents 
based on pectin, kaolin or bismuth salts are useful. Their 
use is not recommended in acute diarrhea, Antimotility 
agents such as synthetic analogues of opiates (diphenoxylate 
hydrochloride or lomotil and loperamide or imodium) 
reduce peristalsis or gut motility and should not be used 
in children with acute diarrhea. Reduction of gut motility 
allows more time for the harmful bacteria to multiply. 
These drugs may cause distension of abdomen, paralytic 
ileus, bacterial overgrowth and sepsis and can be 
dangerous, even fatal, in infants. 


Antisecretory agents have been used in acute diarrhea. 
Racecadotril is an antisecretory drug that exerts its 
antidiarrheal effects by inhibiting intestinal enkephalinase. 
Recent studies reported some evidence in favour of 
racecadotril over placebo or no intervention in reducing 
the stool output and duration of diarrhea in children with 
acute diarrhea. However, more data on efficacy is needed 


before it can be recommended for routine use in all 
children with acute diarrhea. 


Probiotics, defined as microorganisms that exert beneficial 
effects on human health when they colonize the bowel, 
have been proposed as adjunctive therapy in the treatment 
of acute diarrhea. Several microorganisms like Lactobacillus 
rhamnosus (formerly Lactobacillus casei strain GG or 
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Lactobacillus GG), L. plantarum, several strains of bide 
bacteria, Enterococcus faecium SF68 and a jean 
Saccharomyces boulardii have been shown to har Ss 
efficacy in reducing the duration of acute diarrhea ; 
started in very early phase of illness. The efficac : 
probiotic preparations 1S strain and concentration 
specific. However, the routine use of probiotics in p 
with acute diarrhea is not recommended. 


(dose) 
atients 


Prevention of Diarrhea and Malnutrition 


Prevention of diarrhea and its nutritional consequences 
should receive major emphasis in health education, The 
three main measures to achieve this are: 

i. Proper nutrition: Since breast milk offers distinct 
advantages in promoting growth and development of 
the infant and protection from diarrheal illness, its 
continuation should be encouraged. Exclusive breast. 
feeding may not be adequate to sustain growth beyond 
the first 6 months of life. Therefore, supplementary 
feeding with energy-rich food mixtures containin 
adequate amounts of nutrients should be introduced 
by 6 months of age without stopping breastfeeding. 


ii. Adequate sanitation: Improvement of environment 
sanitation, clean water supply, adequate sewage 
disposal system and protection of food from exposure 
to bacterial contamination are effective long-term 
strategies for control of all infectious illnesses including 
diarrhea. Three ‘Cs; clean hands, clean container and 
clean environment are the key messages. Mother 
should be properly educated about this. Complemen- 
tary foods should be protected from contamination 


during preparation, storage, and at the time of 
administration. 


iii. Vaccination: Evidence suggests that with improvement 
in sanitation and hygiene in developing countries, the 
burden of bacterial and parasitic infection has 
decreased and viral agents have assumed an 
increasingly important etiologic role. Effective V accines 
are now available against the commonest agent, 1€: 
rotavirus and their use might be an effective strategy 
for preventing acute diarrhea. 
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Dysentery 


Dysentery refers to the presence of grossly visible blood 
in the stools and is a consequence of infection of the colt 
by either bacteria or ameba. Bacillary dysentery is 

more common in children than amebic dysentery: 
bacteria causing bloody diarrhea are Shigella specie 
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(5, dysenteriae, S. flexneri, S, boydii and S. sonnei.), entero- 
invasive and enterohemorrhagic E. coli, Salmonella and 
Campylobacter jejuni. S. flexneri is the commonest organism 
reported in developing countries and S. dysenteriae is 
associated with epidemics of dysentery. 

A child with bacillary dysentery presents with fever 
and diarrhea. Diarrhea may be watery to start with, but 
then shows mucus and blood mixed with stools. There is 
tenesmus, Which refers to ineffectual defecation along with 
straining and suprapubic discomfort. The illness may be 
complicated by dehydration, dyselectrolytemia, hemolytic 
uremic syndrome, convulsions, toxic megacolon, intestinal 
perforation, rectal prolapse and, very rarely, Shigella 
encephalopathy. 

Administration of ORS, continuation of oral diet, zinc 
supplementation and antibiotics are the components of 
treatment. Stool culture and sensitivity should be sent 
before starting empirical antibiotics. Antimicrobial agents 
are the mainstay of therapy of all cases of shigellosis. Based 
on safety, low cost and efficacy, ciprofloxacin (15 mg/kg/ 
day in two divided doses for 3 days) has been 
recommended by World Health Organization (WHO) as 
the first line antibiotic for shigellosis. However, 
antimicrobial resistance to fluoroquinolones had increased 
significantly from 2002 to 2011 and only ceftriaxone has 
been shown to be uniformly effective. Keeping this in mind, 
intravenous ceftriaxone (50-100 mg/kg/day for 
3-5 days) should be the first line of treatment ina sick child. 
In a stable child, either ciprofloxacin or oral cefixime may 
be given, but the patient should be monitored for clinical 
improvement within 48 hours (decrease in fever, stool 
frequency and blood in stools). If no improvement is seen 
at 48 hours, antibiotics should be changed appropriately. 
Oral azithromycin (10 mg/kg/day for 3 days) can be used 
for shigellosis but the experience is limited. 

Amebic dysentery is less common among children. The 
onset is insidious. Tinidazole or metronidazole is the drug 
of choice. Any young child presenting with blood in stools 
and persistent abdominal pain should be suspected to 
have intussusception and evaluated accordingly. 


PERSISTENT DIARRHEA 

Persistent diarrhea is an episode of diarrhea, of presumed 
infectious etiology, which starts acutely but lasts for more 
than 14. days. It should not be confused with chronic 
diarrhea which has a prolonged duration but an insidious 
Onset and includes conditions causing malabsorption, 


Etlopathogenesis 
Although persistent diarrhea starts as acute infectious 
diarrhea, the prolongation of diarrhea 1s not entirely 
due to infection. Various factors that are implicated in 
Pathogenesis include: ) x 
. The predominant problem is the worsening nutritional 
Status that, in turn, impairs the reparative process in 





the gut. This worsens nutrient absorption and initiates 
a vicious cycle that can only be broken by proper 
nutrition. Persistent diarrhea is more common in 
malnourished children. Apart from malabsorption, 
malnutrition also results from inadequate calorie 
intake due to anorexia, faulty feeding and improper 
counseling regarding feeding by doctors. One of the 
major obstacles to nutritional recovery is secondary 
lactose intolerance, and in some cases, impaired 
digestion of other complex carbohydrates due to 
decrease in brush border disaccharidases. 

ii. Pathogenic E. coli, especially the enteroaggregative and 
enteroadherent types, result in malabsorption by 
causing persistent infection. 

iii. Associated infections of the urinary tract or another 
focus of infection (more commonly in malnourished 
children) contribute to failure to thrive and mortality. 

iv. Prolongation of an acute diarrhea may rarely be a 
manifestation of cow milk protein allergy. The 
increased gut permeability in diarrhea predisposes to 
sensitization to oral food antigens. 

v. The use of antibiotics in acute diarrhea suppresses 
normal gut flora. This may result in bacterial over- 
growth with pathogenic bacteria and/or overgrowth 
of fungi, resulting in persistent diarrhea and 
malabsorption. 

i. Cryptosporidium infection is frequently implicated in 
persistent diarrhea, even in immunocompetent 
children. 
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Clinical Features 


Majority of patients with persistent diarrhea pass several 
loose stools daily but remain well hydrated. Dehydration 
develops only in some patients due to high stool output 
or when oral intake is reduced due to associated systemic 
infections. The major consequences of persistent diarrhea 
are growth faltering, worsening malnutrition and death 
due to diarrheal or nondiarrheal illness. The presence of 
secondary lactose intolerance should be considered when 
the stools are explosive (i.e. mixed with gas and passed 
with noise) and in presence of perianal excoriation. The 
stool pH is low and stool test for reducing substances is 
positive. Unabsorbed dietary lactose once delivered to 
colon is converted to hydrogen and lactic acid by colonic 
bacteria. Lactic acid results in decreased stool pH, explosive 
stools are due to hydrogen and unabsorbed lactose gives 
positive reducing substances. There is no need for 
laboratory testing for stool pH and reducing substances 
when the history is classical and excoriation is marked. 


Management 


The principles of management are: (i) correction of de- 
hydration, electrolytes and hypoglycemia; (ii) evaluation 
for infections using appropriate investigations (hemogram, 
blood culture and urine culture) and their management; 
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and (iii) nutritional therapy. Two-thirds of patients with 
persistent diarrhea can be treated on outpatient basis. 
Patients in need of hospital admission are those with 
(i) age less than 4 months and not breastfed; (ii) presence 
of dehydration; (iii) severe malnutrition (weight for height 
<3 SD, mid-upper arm circumference <11.5 cm for children 
at 6-60 months of age, or bilateral pedal edema); or 
(iv) presence or suspicion of systemic infection. 


Nutrition 


Feeding should be started at the earliest. Initially 6-7 feeds 
are given everyday and a total daily caloric intake of 
100 kcal/kg/day is ensured. Caloric intake should be 
increased gradually over 1-2 weeks to 150 kcal/kg/day 
in order to achieve weight gain. Tube (nasogastric) feeding 
may be done initially in children with poor appetite due 
to presence of serious infection. To ensure absorption and 
decrease stool output, one may attempt to overcome 
varying degrees of carbohydrate maldigestion by using 
diets with different degrees of carbohydrate exclusion in 
the form of diet A (lactose reduced), diet B (lactose free) 
and diet C (complex carbohydrate free) diets (Table 12.13). 


Initial diet A (reduced lactose diet; milk rice gruel, milk 
sooji gruel, rice with curds, dalia): This is based on the 
fact that secondary lactose intolerance exists in children 
with persistent diarrhea and malnutrition. Clinical trials 
have shown that reduced lactose diet is tolerated equally 
well as totally lactose-free diet, without significantly 
increasing stool output or risk of dehydration. If the 
patient is fed entirely on animal milk, the quantity should 
be reduced to 50-60 mL/kg providing not more than 2 g 
of lactose/kg/day. To reduce lactose concentration in 
animal milk, it should be mixed with cereals, but not 
diluted with water as that reduces the caloric content. Milk 


| | Diet A (reduced lactose) Diet B (lactose free) 


Constituents 


Milk (1/3 katori/50 mL) 

Puffed rice powder/cooked rice or 
sooji (2 tsp/6 g) 

Sugar (1% tsp/7 g) 

Oil (1 tsp/4.5 g) 

Water (2/3 katori/100 mL) 


Preparation 


(3 tsp/9 g) 
Glucose (1% tsp/7 g) 
Oil (1% tsp/7 g) 


Mix milk, Sugar and rice, add 
boiled water and mix well, add 


Nutrient content 


85 kcal and 2.0 g protein 


per 100g per 100g 
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Table 12.13: Diets for persistent diarrhea 


Egg white (3 tsp/half egg white) 
Puffed rice powder/cooked rice 


Water (3/4 katori/120 mL) 


After whipping the egg white, 
add rice, glucose and oil and mix 
oil. well. Add boiled water and mix 
rapidly to avoid clumping 


90 kcal and 2.4 g protein 
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cereal mixtures, e.g. milk or curd mixed rice gruel, n: 
sooji gruel, or dalia are palatable, provide good qual 
proteins and some micronutrients and result ip 
weight gain than milk-free diets. 


Second diet B (lactose-free diet with reduced starch). Abo 
65-70% of children improve on the initial diet A. The 
remainder have impaired digestion of starch id 
disaccharides other than lactose. These children, if free S 
systemic infection, are advised diet B which is free of milk 
(lactose) and provides carbohydrates as a mixture of 
cereals and glucose. Milk protein is replaced by chickey 
egg or protein hydrolysate. The starch content is reduceq 
and partially substituted by glucose. Substituting only part 
of the cereal with glucose increases the digestibility but a 
the same time does not cause a very high osmolarity. 


Third diet C (monosaccharide-based diet): Overall, 
80-85% of patients with severe persistent diarrhea wil] 
recover with sustained weight gain on the initial diet A or 
the second diet B. A small percentage may not tolerate a 
moderate intake of the cereal in diet B. These children are 
given diet C which contains only glucose and a protein 
source as egg white or chicken or commercially available 
protein hydrolysates. Energy density is increased by 
adding oil to the diet. 

The strategy of serial carbohydrate exclusion to varying 
degrees in plan A, B and C diets are meant to circumvent 
the problem of carbohydrate malabsorption. In addition 
green (unripe) banana diet is gaining acceptance for 
treatment of persistent diarrhea. Fermentation of 
nondigestible soluble fibers in cooked green (unripe) 
banana by colonic bacteria generates short chain fatty acids 
which are absorbed along with sodium in the colon, 
thereby facilitating water absorption by solvent drag and 
also conserving dietary nutrients. 


Diet C (monosaccharide based) 


Chicken puree (5 tsp/15 g) or 
egg white (3 tsp/half egg white) 


Glucose (1% tsp/7 g) 
Oil (1¥2 tsp/7 g) 
Water (1 katori/150 mL) 


Boil chicken and make puree after removing bones: 
Mix it with glucose and oil. Add boiled water to 
make a smooth flowing feed 


67 kcal and 3.0 g protein per 100 g 





Indications for change from the initial dict (diet A) to the 
next diet (diet B or dict C): The diet should be changed to 
the next level, if the child shows (i) marked increase in 
stool frequency (usually more than 10 watery stools /day) 
at any time after at least 48 hours of initiating the diet; 
(ii) features of dehydration any time after initiatin 
treatment; or (iii) failure to gain Weight gain by day 7 in 
the absence of initial or hospital acquired systemic 
infection. Unless signs of treatment failure occur earlier 
each diet should be given for a minimum period of 7 days. 


Resumption of regular diet after dischar : Chi 

discharged on totally milk-free aa should ie pineal 
quantities of milk as part of a mixed diet after 10 days. If 
they tolerate this and have no signs of lactose intolerance 
(abdominal pain, abdominal distension and excessive 
flatulence) then milk can be gradually increased over the 


next few days. Age appropriate normal diet can then be 
resumed over the next few weeks. 


Supplement vitamins and minerals: Supplemental 
multivitamins and minerals, at about twice the RDA, 
should be given daily to all children for at least 2-4 weeks, 
Iron supplements should be introduced only after the 
diarrhea has ceased. Vitamin A (as a single dose) and zinc 
are supplemented as both of them enhance the recovery 
from persistent diarrhea. A single oral dose of vitamin A 
should be given routinely, at 2,00,000 IU for children 
>12 months or 100,000 IU for children 6-12 months. 
Children weighing less than 8 kg, irrespective of their age, 
should be given 1,00,000 IU of vitamin A. One should 
administer 10-20 mg per day of elemental zinc for at least 
2 weeks to children between 6 months and 3 years of age. 


Additional supplements for severely malnourished infants 


and children: Magnesium and potassium supplementation 
is provided to these children. Magnesium Is given by 


intramuscular route at 0.2 mL/kg/dose of 50% magnesium 
sulfate twice a day for 2-3 days. Potassium 1s 
supplemented at 5-6 mEq/kg y or 
intravenous infusion during the initial stabilization period. 
Role of antibiotics: The indiscriminate use of antibiotics 
in the treatment of acute diarrhea 
for persistent diarrhea. Hence, 
antibiotics at admission is to b 
reserved for children with either of 
(i) severe malnutrition (majority 0 
associated systemic infections an 
infection may not be obvious); and (i 
infection. A combination of cephalo 
lycosi be started empirica ei 
hh ve ckcaudie g to reports of culture/sensitivity. 
Urinary tract infection is commo 
should be treated appropriately. 


e individualized and 
the following features: 
f these children have 


Monitoring Response to Treatment 


Successful treatment is characterized 
intake, reduced frequency of diarrhea 
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/day orally or as part of 


is among the reasons 
the use of empirical 


d clinical signs of 
) evidence of systemic 
sporin and amino- 
lly and thereafter 


n (seen in 10-15%) and 


by adequate food 
| stools (<2 liquid 





Stools/day for 2 consecutive days) and weight gain. Most 
children will lose weight in the initial 1-2 days and then 
show steady weight gain as associated infections are 
treated and diarrhea subsides. All children should be 
followed regularly even after discharge to ensure conti- 
nued weight gain and compliance with feeding advice. 


Prognosis 


Most patients with persistent diarrhea recover with an 
approach of stepped up dietary management as discussed 
above. A small subgroup (<5%) may be refractory and 
require parenteral nutrition and extensive workup. These 
patients generally have high purge rate, continue to lose 
weight, do not tolerate oral feeds and require referral to 
specialized pediatric gastroenterology centers. 


CHRONIC DIARRHEA 


Chronic diarrhea is a common problem in children. It is 
defined as an insidious onset diarrhea of >2 weeks 
duration in children and >4 weeks in adults. The term 
chronic diarrhea is not synonymous with persistent 
diarrhea. The approach, etiology and management of 
chronic diarrhea along with a brief outline of some 
common causes is discussed. 


Approach 


Approach to chronic diarrhea must be considered with 
the following points in mind: 


Age of onset: A list of common causes of chronic diarrhea 
according to age of onset is shown in Table 12.14. 


Sinall or large bowel type of diarrhea: Features in history 
and examination that help in differentiating small bowel 
from large bowel diarrhea is shown in Table 12.15. 
Typically, large volume diarrhea without blood and 
mucus suggests small bowel type of diarrhea and small 
volume stools with blood and mucus suggest large bowel 
type of diarrhea. 


Gastrointestinal versus systemtic causes: Diarrhea is most 
commonly of intestinal origin and sometimes pancreatic, 
or rarely, hepatobiliary in etiology. Cholestasis due to 
biliary obstruction or intrahepatic cause can cause diarrhea 
due to fat malabsorption. Pruritus and malabsorption of 
fat-soluble vitamins (A, D, E and K) and calcium are 
commonly associated. Maldigestion due to deficiency of 
pancreatic enzymes leads to pancreatic diarrhea in cystic 
fibrosis, Shwachman-Diamond syndrome (cyclic neutro- 
penia and bone abnormalities) or chronic pancreatitis. 
Other causes include Zollinger-Ellison syndrome, and 
secretory tumors like VIPoma, carcinoid or mastocytosis. 
Diarrhea may also be a systemic manifestation of other 
conditions like sepsis or collagen vascular disorders. 
Specific questions in history should include: 
; Duration of symptoms; nature, frequency and 
consistency of stools; and presence of blood, mucus or 


visible oil in stools 
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Table 12.14: Causes of chronic diarrhea according to 
Age >6 months to 5 years 


Cow milk protein allergy 
Celiac disease 





Age <6 months 

Cow milk protein allergy 
Lymphangiectasia 

Urinary tract infection* 

Short bowel syndrome*" 
Immunodeficiency states 

Cystic fibrosis 

Anatomical defects 

Intractable diarrheas of infancy 
Microvillous inclusion disease 
Tufting enteropathy 
Autoimmune enteropathy 
Glucose galactose malabsorption 
Congenital sodium/chloride diarrhea 


Glardlasis 


Tuberculosis 


Toddler diarrhea 
Lymphanglectasla 
Short bowel syndrome”* 


Ee inflammatory bowel disease 
Immunodeficiency 
Bacterial overgrowth 
Pancreatic insufficiency 
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ge of onset (in order of importance) 5 
| Age >5 years 
Cellac disease 


Glardiasis 
Gastrointestinal tuberculosis 


inflammatory bowel disease 
Immunodeficiency 
Bacterial overgrowth 
Lymphangiectasia 

Tropical sprue 
Immunoproliferative small 
intestinal disease 
Pancreatic insufficiency 


* — Should be considered in young infants with chronic diarrhea, particularly if fever is noted 


** Consider if there is antecedent history of small bowel surgery 


*** These rare conditions should only be considered if the diarrhea is very ear 


been ruled out 
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Features 


Stool volume Large 
Blood in stool No 
Rectal symptoms, e.g. urgency, tenesmus No 
Steatorrhea (greasy stools) Yes 
Carbohydrate malabsorption Yes, explosive 
Protein malabsorption Yes 
Pain (if any) 

of stool 

Pale 


Color of stool 
Smell of stool 


Nutrient deficiency Frequent 


ii. Age of onset; relationship of dietary changes, e.g. 
introduction of milk or milk products and wheat or 
wheat products, with onset of diarrhea; and any 
specific dietary preferences, like avoidance of juices 

iii. Family history of atopy (food allergy, asthma or allergic 
rhinitis), celiac disease, Crohn’s disease or cystic fibrosis 

iv. History of abdominal surgery, drug intake, systemic 
disease, features of intestinal obstruction, pedal edema, 
anasarca, recurrent infections at multiple sites, 
previous blood transfusion and coexisting medical 
problems which predispose the child to diarrhea (e.g. 
congenital immunodeficiency, diabetes mellitus, 
hyperthyroidism, cystic fibrosis) 


_ Important components of physical examination 
include: 


i. Anthropometry 
ii. Signs of dehydration 


ee 


Table 12.15: Differentiating small bowel from large bowel diarrhea 
Small bowel diarrhea 


Periumbilical, no reduction after passage 


Unusually offensive 


ly in its onset (neonate to 3 months) and common conditions have 


Large bowel diarrhea 


Small 

Usually present 

Yes 

No 

No 

No 

Hypogastric, reduced aficr 
passage of stool 

Normal 

Normal 

Can occur due to blood !oss 


iii. Signs of vitamin or mineral deficiencies (€-8 
conjunctival xerosis, Bitot’s spots, angular stomatitis, 
glossitis, cheilitis, rickets, phrynoderma) 

iv. Edema, whether symmetric or asymmetric; pitting 
non-pitting (lymphedema) 

v. Fever and signs of systemic sepsis 

vi. Extragastrointestinal manifestations in eye, skin, }0 
oral cavity (suggest inflammatory bowel disease, ! 

vii. Inspection of perianal area for fissures, anal tags @" 
fistulae (seen in IBD) 

viii.Oral thrush and scars of recurrent skin infe 

(suggest immunodeficiency) 
ix. Abdominal distention, localized or gene 
tenderness, masses, hepatosplenomegaly and 


Approach based on age of onset: In infants <6 mont 
cow milk protein allergy and intestinal lymphangiect® 
should be considered first. The important clues ae 
etiology are given in Table 12.16. 


ints, 


ction 


ralized 
ascites: 
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jarrhea 
protein allergy 


pie 12:16: Diagnostic clues to important causes of chronla 


Onset of diarrhea after Introduction of 
cow or buffalo milk or formula 

Rectal bleeding (due to colitis) 
Anemia; fallure to thrive 

Family history of allergy or atopy 
Response to milk withdrawal 
Nonpitting pedal edema suggesting 
lymphedema 

Recurrent anasarca 
Hypoalbuminemia and hypoproteinemla 
Lymphopenla 

Hypocalcemla 


History of meconium |leus 
Predominant or assoclated lower 
respiratory tract Infections 
Severe failure to thrive 

Clubbing 

History of sibling deaths 

High sweat chloride (>60 mEq/L) 
Predominant fever 

Recurrent infections involving other sites 
History of sibling deaths 
Organomegaly 


Opportunistic Infections on stool 
examination 


Lymphangiectasia 


Cystic fibrosis 


Immuno- 
deficiencies 


In young children, celiac disease is the most common 
cause of chronic diarrhea in North India. Cow milk protein 
allergy usually resolves by 3-5 years; hence, this diagnosis 
should not be considered in children with onset of diarrhea 
beyond 5 years. Toddler diarrhea is a diagnosis of exclusion 
after common causes have been ruled out. The onset of 
diarrhea is between 6 months and 3 years of age. The child 
passes 3-6 loose stools, mostly during waking hour. 
Diarrhea worsens with low residue, low fat or high 
carbohydrate diet. The child is well thriving, there is no 
anemia or vitamin deficiencies and the diarrhea resolves 
spontaneously by about 4 years of age. Treatment is with 
dietary modification; a high (>40%) fat, low carbohyd rate 
diet (especially with decreased inta ke of juices) and 
increase in dietary fiber is recommended. IBD is Jess 
common in this age group as compared to older children, 
Giardiasis can be diagnosed, if multiple fresh stool samples 

at least 3 in number) are tested for trophozoites, The 

laboratory may be asked to use concentration methods, 

Presence of cysts of giardia in immunocompetent patients 
Oes not merit a therapy of giardiasis. 


Limited etiologies cause chronic diarrhea in older 
children (Table 12.16). A brief description of common 
“auises of chronic diarrhea is given below. 


Celiac Disease 
This is an enteropathy caused by permaney a ieem 
‘© gluten in genetically susceptible subjects. +t 18 the mos 


common cause of chronte Hares in children overZ years 
Of ayein North Indla, WNyberiok protipis include stibyjecte 
with Type | diabetes melitus, Down syndrotnie, selective 
WA dafideney, auton Hiyrold disease, Turner 
py lrannnet, WAT mysied renner, nbiteobernerieanie Niven cll seaaser 
and first-cdeyrece relatives of collae deaase patients, I hese 
KUDjecth are at an Increased rok of developing celiac 
Aneane and (iis should be screened, 


Presentatlon: Vhe classical presentation is vith small 
howel diarrhea, yrowth failure and anemia, A temporal 
asnoclaiion of diarrhea and titrodiue toned yheat products 
al weaning may be present, Onset of diarrhea before 
Introduction of wheat products In diet neyates a diagnosis 
of cellac dinvane, It may aloo present without chronic 
Harrhen as refractory tron defickncy or ditnorphic anemia 
not responding fo oral supplements, short stature, delayed 
puberty, rickets and osteopenia, Uzamination reveals 
failure to thrive, lows of subcutaneous fat, clubbing, 
anemla, rickets and signe of other vitamin deficiencies. 


A high index of suspicion for celiac diseac is the key 
to diagnosis, 


Diagnosls: The main Investigations required for making 
a daynonis include: 
1, Serology: vA antibody ayalnot thasue transglutaminase 
(1G) isan HLISA based test, recommended for initial 
testing of celiac disease, It han a high sensitivity (92- 
100%) and specificity (1-100%,) in both children and 
adults. IyA antiendomynial antibody is an equally 
accurate test (sensitivity 4B-100%; specificity 91-100%) 
but is more difficult to perform, The diagnosis of celiac 
disease should not be based only on celiac serology as 
serology may be false positive, falve negative and 
interlaboratory variations are aleg present. 
» Upper Gl endoscopy: It may be normal or show absence 
of folds or scalloped folds (Fig. 12.16a). Multiple (4-6 
in number) endoscopic biopsies from the bulb and 


pecond/third part of duodenum should be taken in 
all cases, 


lil, Histology: The characteristic histological changes in 
celiac disease ar¢ increased intraepithelial lymphocytes 
(>30/100 enterocytes), increased crypt length, partial 
to total villous atrophy, decreased villous to crypt ratio 
and infiltration of plasma cells and Jymphocytes in 
lamina propria (Fig, 12.16b). 
Diagnosis of celiac disease (based on the modified 
criteria of the European Society of Pediatric Gastro- 
enterology, Hepatology and Nutrition, ESPGHAN) 
require the following; 
j, Clinical features compatible with diagnosis. 
if. Positive intestinal blopsy as described above with or 
Without serology. 
ili, Unequivocal response to gluten-free dict (GFD) within 
12 weeks of initiation of GFD. 
A positive serology makes the diagnosis more definite 
especially in developing countries where other causes of 
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Fig, 12.16; Callac disease: (a) Upper gastrointestinal endoscopy showing scalloping of duodenal folds (arrow). an 


histology showing total villous atrophy 


villous atrophy are common due to intercurrent infections 
or undernutrition. 

The recent ESPGHAN guidelines suggest that in 
symptomatic patients with t?}G >10ULN, the diagnosis of 
celiac disease may be made without a duodenal biopsy 
provided that the antiendomysial antibody and HLA 
1Q2/1DOQ8 are positive and there is a definite response to 
gluten-free dict. However, in view of non-availability and 
cost of antiendomysial antibody and HLA testing and 
multiple Jabs reporting tTG as positive/negative only 
without actual titres this approach is not recommended 
in our country at present. This is especially important as 
itis very difficult to confirm or refute the diagnosis of CD 
after initiation of GFD. Thus all efforts should be made to 
make a correct diagnosis with full work-up at onset prior 
to initiation of GFD. 


Treatment: The treatment involves lifelong GFD and 
correction of iron, folate and other vitamin/ mineral 
deficiencies by supplementation, The patient should be 
assessed at 3 months for response to GFD. After initiation 
of GFD, all symptoms should subside and weight and 
height gain should be present. Repeated explanation to 
patient and parents by doctors is very helpful in sustaining 
compliance after the child has become asymptomatic. 


Cow Milk Protein Allergy 


Cow milk protein allergy (CMPA) affects 2 to 5% of all 
children in the West, with the highest prevalence during 
the first year of life. In India, CMPA accounts for ~13% of 
all malabsorption cases in children <2 years of age. A 
family history of atopy is common in children with CMPA. 
Nearly 50% children outgrow the allergy by 1 year and 
~95% by 5 years of age. It is the most common food allergy 
in small children who are top-fed but can also occur 
occasionally in breastfed babies due to passage of cow 
milk antigen in breast milk, 

There are two kinds of reactions to cow milk: 
(i) Immediate, i.e. [gE mediated: It occurs within minutes 


Malt ow _ > 


d (b) Duodenal 


of milk intake and is characterized by vomiting, pallor, 
shock-like state, urticaria and swelling of lips. (ii) Delayed, 
i.e. T cell mediated: It has an indolent course and presents 
mainly with GI symptoms. 

Symptoms: The most common presentation is with 
diarrhea with blood and mucus. Depending upon the site 
and extent of involvement, the child may have small 
bowel, large bowel or mixed type diarrhea. In an Indian 
study, 40% children presented with bloody diarrhea, 33% 
watery and 7% with a mixed type of diarrhea. 
Uncommonly reflux symptoms and hematemesis may be 
present indicating upper GI involvement. Respiratory 
symptoms (allergic rhinitis and asthma) and atopic 
manifestations (eczema, angioedema) may be seen in 
20-30% and 50-60% cases, respectively. Iron deficiency 
anemia, hypoproteinemia and eosinophilia are commonly 
present. 


Diagnosis: In India, non-IgE-mediated CMPA is more 
common. Sigmoidoscopy (aphthous ulcers and nodular 
lymphoid hyperplasia as seen in Fig. 12.17a) and rectal 
biopsy (plenty of eosinophils as seen in Fig. 12.17b) give 
clue to the diagnosis in >95% cases irrespective of the 
clinical presentation and should be the first line of 
investigation in suspected cases. The gold standard for 
diagnosis of any food allergy is the elimination and 
challenge test. Typically, the symptoms subside after milk 
withdrawal and recur within 48 hours of re-exposure to 
milk. 

Treatment: All animal milk/milk products have to be 
removed from the diet. Soy or extensively hydrolyzed 
formula, both of which are equally effective in terms ° 
growth and nutrient intake can be used as alternatives: 
Although soy is more palatable and cheap but it is not 
recommended in infants <6 months of age. Also 10-15% 
of CMPA have concomitant soy allergy, thus necessitating 
use of extensively hydrolyzed formulae. A minority ° 
children may not tolerate the extensively hydrolyZ¢ 

formulae and need elemental amino acid formu!as- 
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Fig. 12.17: Cow milk protein allergy: (a) Sigmoid 
infiltration with crypt abscess 


Parental education regarding diet and calcium supplemen- 
tation is essential. 


Intestinal Lymphangiectasia 


It is characterized by ectasia of the bowel lymphatic 
system, which on rupture causes leakage of lymph in the 
bowel. The disease is often associated with abnormal 
lymphatics in extremities. Signs and symptoms include 
peripheral edema which could be bilateral and pitting due 
tohypoalbuminemia or asymmetrical and non-pitting due 
tolymphedematous limb. Diarrhea, abdominal distension 
and abdominal pain are commonly present. Abdominal 
and/or thoracic chylous effusions may be associated. 
Presence of hypoalbuminemia, low immunoglobulins, 
hypocalcemia and lymphopenia is characteristic of 
lymphangiectasia. Barium meal follow-through shows 
thickening of jejunal folds with nodular lucencies in 
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oscopy showing aphithous ulcers; and (b) Rectal biopsy showing eosinophilic 


mucosa. On UGI endoscopy after fat loading with 2 g/kg of 
butter at bedtime, scattered white plaques or chyle-like 
substance covering the mucosa may be seen (Fig. 12.18a). 
Duodenal biopsy reveals dilated lacteals in villi and lamina 
propria (Fig. 12.18b). The treatment consists of a low fat, 
high protein diet with MCT oil, calcium and fat-soluble 
vitamin supplementation. Intravenous albumin is 
required for symptomatic management and total 
parenteral nutrition (TPN) is reserved for management 
of chylous effusions. Resection may be considered, if the 
lesion is localized to a small segment of intestine. 


Immunodeficiency 


Both congenital and acquired immunodeficiency can cause 
chronic diarrhea. It should be suspected, if there is history 
of recurrent infections at multiple sites (chest/GI/skin) 
and wasting. The common immunodeficiency conditions 
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Fig, 12.18: Intestinal lymphanglectasia. (a) UPPE! gastrointestinal endoscopy showing white deposits; and (lb) Duodenal histology 
°WS dilated lacteals 
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presenting with diarrhea include IgA deficiency, severe 
combined immunodeficiency (SCID), common variable 
immunodeficiency (CVID) and chronic granulomatous 
disease (CGD). There is increased risk of celiac disease 
(10-20-fold increase) and Crohn’s disease in patients with 
IgA deficiency. Diarrhea is either due to enteric infections 
like giardia, cryptosporidium, CMV, etc. or due to bacterial 
overgrowth. Diagnosis is made by measuring serum 
immunoglobulins, T cell counts and functions, phagocytic 
function (nitroblue tetrazolium reduction test) depending 
upon the suspected etiology. Treatment involves 
administration of antimicrobials for bacterial overgrowth 
and opportunistic infections and therapy for underlying 
cause (IV immunoglobulins, y interferon or bone marrow 
transplantation), 


Acquired immunodeficiency syndrome (AIDS): Chronic 
diarrhea is a common feature in children with AIDS. The 
impaired mucosal immunity results in recurrent 
opportunistic infections and the altered maturation and 
function of enterocytes results in increased permeability 
and decreased functional absorptive surface with or 
without bacterial overgrowth. AIDS enteropathy is 
characterized by chronic diarrhea and marked weight loss 
in absence of enteric pathogens. The children are often 
sick with other clinical manifestations but sometimes 
diarrhea may be the only symptom. Presence of oral 
thrush, lymphadenopathy, hepatosplenomegaly and 
parotiditis (10-20% cases) gives clue to the diagnosis. The 
common infections include: 
i. Viral, Cytomegalovirus, herpes simplex, adenovirus, 
norovirus 
ii. Bacterial, Salmonella, Shigella, Mycobacterium avium 
complex (MAC), Campylobacter jejuni, Clostridium difficile 
ili, Fungi. Candidiasis, histoplasmosis, cryptococcosis 
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iv. Protozoa. Microsporid ium, Isospora belli, Cryptosporidiy, 

Entamoeba histolytica, Giardia lamblia, Cyclospor, 

Blastocystis hominis | 

Multiple stool examinations are required to ident; 
causative etiology by using special stains and PC 
techniques. Colonic/ terminal ileum biopsy and duo deni 
fluid examination are the other ways of diagnosin 
opportunistic infections. Treatment is with specifi. 
antimicrobials (Table 12.17) along with HAART (highly 
active antiretroviral therapy). 


Drug-induced Diarrhea 


Diarrhea can be a side effect of many pharmacologic 
agents. Altered GI motility, mucosal injury and/or change 
in intestinal microflora are the main etiologic factors. Ant. 
biotics can cause loose watery stools by altered bacteria] 
flora or bloody stools secondary to Clostridium difficile 
overgrowth and pseudomembranous colitis (PMC). 
Stopping the offending agent is often enough. If suspicion 
of PMC is present then stool for toxin assay and sigmoido- 
scopy is required for confirmation. Metronidazole or oral 
vancomycin is the drug of choice for PMC. 


Inflammatory Bowel Disease (IBD) 


IBD is a chronic inflammatory disease of the GI tract and 
is of two main types, Crohn's disease and ulcerative colitis. 
In ~10% cases, the findings are non-specific and subjects 
cannot be classified into one of the above two groups. 
These cases are labelled as indeterminate colitis. Nearly 
25% of all IBD presents in the pediatric age group. 
Worldwide the incidence of IBD is increasing in children 
with increase in recent reports of both ulcerative colitis 
and Crohn’s disease from India. The average age of 
presentation in children is ~10—11 years. Genetics is a very 


Table 12.17: Treatment recommendations for infectious diarrhea : 


Infection causing diarrhea 
Giardia lamblia 
Entamoeba histolytica 
Cryptosporidium 


Drug of choice for treatment 

Metronidazole 7.5 mg/kg/dose tds for 5 days 
Metronidazole 7.5 mg/kg/dose tds for 10 days 
Nitazoxanide: In immunocompetent children 


1-3 years: 100 mg bd x 3 days 
4-11 years: 200 mg bd x 3 days 


Microsporidum 


Oral albendazole (15 mg/kg/day twice a day) for 14 days in immunocompetent. Longe! 


therapy in immunocompromised. 


Cyclospora 
Isospora belli 
Cytomegalovirus 
Clostridium difficile 


TMP-SMZ—S5/25 mg/kg/day for 7 days 
TMP-SM2Z for 7 days 


Gancyclovir 9 mg/kg IV q 12 hrly for 14-21 days 
Stop other antibiotics. Oral metronidazole (30 mg/kg/day in 4 divided doses) for 710 


days for mild disease. Oral vancomycin (40 mg/kg/day in 4 divided doses; maximum 


Candidiasis 
Crytococcus neoformans 


2 g/day), with or without metronidazole for severe disease 


Fluconazole 6 mg/kg/day oral once a day 
Fluconazole for 4 weeks 


tds: Three times a day; bd: Twice a day; TMP-SMZ: Trimethoprim-sulfamethoxazole 
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important risk factor for IBD and up to 30% patients may 
have a family member with IBD. 


Clinical features: Children with ulcerative colitis present 
with diarrhea and rectal bleeding which raises alarm and 
jeads to early workup and diagnosis. In Crohn's disease, 
abdominal pain, diarrhea and growth failure are the 
predominant complaints. The classical triad of Crohn's 
disease, i.e. pain, diarrhea and weight loss is seen in only 
25% cases. Fever, fatigue and anorexia are present in 
25-50% cases. The absence of blood in stools and 
non-specific complaints are responsible for delay in 
diagnosis of Crohn's disease in children. 

Extraintestinal manifestations are seen in 25-30% 
children with IBD. They can precede, follow or occur 
concurrently with the intestinal disease and may be 
related/unrelated to activity of the intestinal disease. 
Arthralgia/arthritis is the most common extraintestinal 
manifestation seen in 15-17% cases. Uveitis, erythema 
nodosum and sclerosing cholangitis are the other extra- 
intestinal manifestations. 


Disease distribution: Ulcerative colitis is classified as 
distal colitis (proctitis / proctosigmoiditis), left side colitis 
(up to splenic flexure) and pancolitis with majority of 
children having pancolitis. Majority of patients with 
Crohn’s disease (50-70%) have ileocolonic disease, with 
isolated colonic involvement in 10-20% and isolated small 
bowel in 10-15% patients. Upper GI involvement is 
present in 30-40% cases and perianal disease in 20-25% 
cases. Crohn’s disease is also classified as predominantly 
inflammatory, fistulizing or stricturing disease based on 
the clinical features. 

As the management and prognosis of Crohn's disease 
and ulcerative colitis is different, so a correct diagnosis is 
essential. Table 12.18 lists the main differentiating features 
between ulcerative colitis and Crohn’s disease. 


Diagnosis: The initial evaluation of a child with suspected 
IBD includes a detailed clinical, family and treatment 
history. A complete examination with growth charting, 
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perianal and rectal examination for fistulae, tags and 
fissures is essential. Simple lab tests like hemogram, ESR, 
C reactive protein, total protein, serum albumin and stool 
for occult blood helps in screening for IBD and confirming 
presence of bowel inflammation. Fecal calprotectin is a 
reliable test for differentiating patients with functional 
abdominal pain from those with abdominal pain due to 
inflammatory conditions like Crohn’s. It is raised in IBD 
and normal in FAP. 

According to the recommendations of the IBD working 
group, upper GI endoscopy with biopsy, colonoscopy 
with ileal intubation and biopsy is essential for all cases 
(Fig. 12.19). Small bowel evaluation with CT or MR 
enterography should be done for correct classification into 
ulcerative colitis or Crohn’s disease and to determine the 
disease extent. Capsule endoscopy may also be used for 
small bowel evaluation in patients who do not have any 
suggestion of an obstructive (stricturing) lesion of small 
bowel. 


Treatment: The goal of treatment ts to control inflamma- 
tion, improve growth and ensure a good quality of life 
with the least toxic therapeutic regimen. As IBD is a 
chronic disease with remissions and exacerbations, proper 
counseling of both patient and family at diagnosis is 
essential. The main drugs used for IBD are 5 amino- 
salicylates (5-ASA), steroids and immunomodulators 
(6-mercaptopurine, azathioprine, methotrexate and 
monoclonal antibodies against tumor necrosis factor, i.e. 
infliximab). Ensuring proper nutrition with caloric 
supplementation (~120% of RDA) is a necessity for 
children with IBD. Calcium and vitamin D supplemen- 
tation should be given as these children are at an increased 
risk of osteoporosis. 

Surgery is indicated in ulcerative colitis patients with 
severe acute colitis refractory to medical disease. 
Uncontrolled hemorrhage, perforation, toxic megacolon, 
abscesses and obstruction are the other indications for 
surgery in patients with IBD. 


~"s Table 12.1 8: Differentiation between Crohn's disease and ulcerative colitis 

7 - : . Crohn's disease Ulcerative colitis 

Distribution Entire gastrointestinal tract Colon only 
Discontinuous lesions Continuous involvement 

Bloody diarrhea Less common Common 

Abdominal pain Common Less common 

Growth failure Common Less common 

Perianal disease Abscess; fistulae Absent 

Serology Anti-Sacchromyces cerevisiae antibody Perinuclear anti-neutrophil cytoplasmic antibody 
(ASCA) positive (p-ANCA) positive 

Endoscopy Deep irregular serpigenous or aphthous Granularity, loss of vascular pattern, friability and 
ulcers with normal intervening mucosa diffuse ulceration 
(skip lesions) 

Histopathology Transmural inflammation with non- Mucosal disease with cryptitis, crypt distortion, crypt 


caseating granuloma 


abscess and goblet cell depletion 
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Fig. 12.19: Inflammatory bowel disease: (a) Deep, linear, serpigenous ulcers on colonoscopy In Crohn's disease; and (b) Confluent 
superficial ulcerations with friability on colonoscopy in ulcerative colitis 


Abdominal Tuberculosis 


The gastrointestinal tract, peritoneum, lymph nodes and/ 
or solid viscera can be involved in abdominal tuberculosis. 
The peritoneal involvement is of two types: Wet (or ascitic) 
and dry (or plastic) type. On the other hand, the intestinal 
involvement may be ulcerative, hypertrophic or ulcero- 
hypertrophic type. 

The clinica] presentation is varied and depends upon 
the site of disease and type of pathology. Clinical features 
may include chronic diarrhea, features of subacute . ee ie 
intestinal obstruction (abdominal pain, distension, Fig. 12.20: CT scan showing multiple enlarged lympn rodes 
vomiting, obstipation), ascites, lump inabdomen (ileocecal —_ with central necrosis in para-aortic and mesenteric 169/205 in 
mass, loculated ascites, lymph nodes) and/or systemic | GOdominal tuberculosis 
manifestations (fever, malaise, anorexia and weight loss). 


A high index of suspicion followed by documenting 
presence of acid-fast bacilli (fine needle aspiration cytology 
from lymph nodes, ascitic fluid, endoscopic biopsies) on 
Zieh]-Neelsen staining, PCR or culture leads to a definitive 
diagnosis. Presence of tubercular granuloma with 
caseation in the biopsies (endoscopic, peritoneal or liver) 
also helps make the diagnosis. CT abdomen shows 
enlarged lymph nodes with central necrosis (Fig. 12.20), 
An exudative ascites (low serum ascites albumin gradient, 
SAAG <1.1) with lymphocyte predominance and high 
adenosine deaminase is typical of tubercular ascites. 
Colonoscopy classically shows transverse ulcers in 
ascending colon/caecum, deformed / ulcerated ileocaecal 
valve and ulceration/stricture in terminal ileum 
(Fig. 12.21). In absence of above features, a probable 
diagnosis of abdominal tuberculosis is made when 
suggestive clinical features and response to antitubercular 


© ) | 
therapy is present. It is important to differentiate intestinal Li SR , 


TB from Crohn’s disease as they mimic each other in Fig. 12.21: Colonoscopy shows ulceration with gaping 
clinical presentation but have different treatments. lleocecal valve In a patient with ileocecal tuberculosis 
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Antitubercular drugs are the mainstay of treatment. 
curgery 1S indicated, if there is bowel perforation, 
spstruction or Massive hemorrhage. One should suspect 
qutidrug resistant tuberculosis in patients witha definite 

..onosis of abdominal tuberculosis but a poor response 
i standard antitubercular therapy. 
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GASTROINTESTINAL BLEEDING 


Gastrointestinal bleeding is a commonly encountered 
problem in children. Upper gastrointestinal bleeding is 
defined as bleeding from a site proximal to the ligament 
of Treitz (at the level of duodenojejunal flexure). Lower 
gastrointestinal bleeding is defined as bleeding from a site 
distal to ligament of Treitz. 

Hematemesis is passage of blood in vomiting and suggests 
an upper GI site of bleeding. The vomitus may be bright 
ted or coffee-ground in color depending upon the severity 
of hemorrhage and the duration it stayed in contact with 
Bastric secretions. Melena is passage of black tarry stools 
and suggests an upper GI or small bowel source of bleed. 
Hematochezia is passage of bright red blood in stools. 
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Neonate or infant 
Swallowed maternal blood 
Esophagitis 
Gastroduodenal erosions/ulceration 
Sepsis/ coagulopathy/stress 
Hemorrhagic disease of newborn 

Phageal varices (infants >3—4 months) 

Scular malformation 

Foreign body impaction 
Bovine milk allergy 


Hemobilia refers to bleeding from the biliary tree while 
pseudohematobilia is bleeding from the pancreas. Obscure 
GI bleed is defined as bleeding from gastrointestinal tract 
that persists or recurs without any obvious etiology after 
a diagnostic esophagogastroduodenoscopy and colono- 
scopy. It accounts for ~5% of all GI bleeds. 


Upper Gi Bleeding 


The causes of hemorrhage from upper GI tract vary in 
different age groups as shown in Table 12.19. Varices, 
esophagitis and gastritis are the commonest causes of 
upper GI bleeding in Indian children. 

Painless passage of large amount of blood in vomitus 
points towards variceal bleeding. One should always look 
for features of liver disease like splenomegaly, jaundice 
and ascites. In portal hypertension, the spleen may reduce 
in size just after a bout of massive hematemesis and is 
thus missed on examination. In a child with portal 
hypertension, esophageal varices are the commonest cause 
of upper GI bleeding (Fig. 12.22a). Gastric varices 
(Fig. 12.22b), congestive gastropathy and gastric antral 
vascular ectasia can also present with hematemesis. 


Management 


General supportive measures, including establishing a 
good venous access, intake output monitoring, oxygen 
supplementation (if required) and charting of vital signs 
are mandatory. Blood transfusion should be given to 
achieve hemoglobin of 7 g/dL. Short-term antibiotic 
prophylaxis (third generation cephalosporin for 7 days) 
may reduce bacterial infection, and variceal rebleeding, 
and should be administered in children with cirrhosis and 
variceal bleeding. Specific treatment depends upon the 
patient’s condition and expertise of the available 
personnel. A combination of pharmacologic and 
endoscopic therapy is preferred. Early administration of 
vasoactive drugs should be followed by endoscopic 
therapy within 12 hours of bleed. Following an episode 
of acute variceal bleeding, all patients should receive 
secondary prophylaxis to prevent rebleeding. 


Table 12.19: Common causes of upper gastrointestinal bleeding 
Children >2 years | 

Esophagitis due to reflux, medications, infections 
Gastroduodenal erosions/ulceration 

Portal hypertension 

Sepsis/ coagulopathy/stress 

Caustic ingestion, Mallory-Weiss tear 
Henoch-Schénlein purpura 

Vascular malformation 

Foreign body impaction 

Tumors: Leiomyoma, lymphoma, teratoma 
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Fig. 12.22: Upper gastrointestinal endoscopy showing (a) Esophageal varices; and (b) Largo gastric varicas 


Administration of somatostatin or octreotide decreases 
the splanchnic and azygous blood flow, thus reducing 
portal pressures. Both agents are equally effective; limited 
studies in children have shown control of bleeding in 
64-71% children. Infusion should be given for at least 
24-48 hours after the bleeding has stopped to prevent 
recurrence and should not be discontinued abruptly. 

Endoscopic sclerotherapy (EST) or variceal ligation 
(EVL) are the two main methods used to manage 
esophageal varices. Using a fiberoptic endoscope, the 
varices are inspected and their location, size and extent 
are documented. In EST, 2-3 mL of sclerosant (1% 
ethoxysclerol) is injected into each variceal column. EVL 
is done with a device called multiple band ligator. The 
variceal column is sucked into a cylinder attached at the 
tip of the endoscope and the band is deployed by pulling 
the trip wire around the varix. Both EST and EVL have 
90-100% efficacy in controlling acute bleeding. 


Gastric varices are managed with endoscopic injection of 
tissue adhesive glue, i.e. N-butyl-2-cyanoacrylate or 
isobutyl-2-cyanoacrylate. These agents harden within 
20 seconds of contact with blood and result in rapid control 
of active bleeding. 


Tamponade of varices is required only when the 
endoscopic and pharmacologic measures have failed. 
Sengstaken-Blakemore tube is a triple lumen tube with 
connection to an esophageal balloon, a gastric balloon and 
one perforated distal end which helps in aspiration of the 
stomach contents. The tube is relatively cheap, requires 
little skill compared to EST and has efficacy of above 75% 
in controlling acute variceal bleeding. 


Transjugular intrahepatic portosystemic shunt (TIPS) 
involves insertion of a multipurpose catheter through the 
jugular vein and superior vena cava with the aid of the 
puncture device. The catheter is passed via hepatic vein 
into a branch of portal vein through the hepatic 


parenchyma, The passage is dilated by a balloon and an 
expansile metallic mesh prosthesis is placed to maintain 
the communication directly between the portal vein and 
hepatic vein, This procedure results in bypassing liver 
resistance and consequently decreases the portal pressure. 
Experience of this procedure in children is limited. 


Surgical management is required when above measures 
have failed or when bleeding is from ectopic varices that 
cannot be effectively controlled by endoscopic procedures. 
Surgery can be done either in the form of portocaval shunt 
(selective or nonselective) or devascularization vith 
esophageal staple transection. 


Lower Gastrointestinal Bleeding 


The causes of lower gastrointestinal bleeding in children 
are shown in Table 12.20, History and physical examina 
tion helps narrow down the differential diagnosis. 
Increased frequency of stools with blood and mucus with 
crampy abdominal pain points towards a colitic illness 
and infectious colitis is by far the commonest cause in 
children across all ages. A sick preterm with abdominal 
distension, blood in stools, feed intolerance and systemic 
instability is likely to have necrotizing enterocolitis: 
Delayed passage of meconium followed by constipation, 
abdominal pain and distension is seen in Hirschsprung’s 
disease. Allergic colitis is mostly seen in infants who are 
top fed with cow milk and present with loose stools mixed 
with blood and anemia. Onset of bloody diarrhea after 
antibiotic use points towards pseudomembranous colitls. 
Presence of extraintestinal manifestations, like aphthous 
ulcers, joint pains and iritis, gives clue to the diagnosis ° 

inflammatory bowel disease (IBD), History of painful 
defecation and passage of hard stools with blood streaking 
of stools is seen in anal fissure, Ina patient with history 0 

constipation, straining at stools and digital evacuation, the 
most likely cause of bleeding is solitary rectal ulcet 
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~ Table 12.20: Causes of lower gastrointestinal bleeding 


"yeonate or infant Children >2 years 
Colitis 
infectious colitis Infectious colitis 


cow milk protein allergy Inflammatory bowel disease 
Necrotizing enterocolitis Tuberculosis 





Hirschsprung Pseudomembranous colitis 

enterocolitis Cow milk protein allergy 

Systemic vasculitis Amebiasis, cytomegalovirus, 
neutropenic colitis 

Others 

Anal fissure Anal fissure 

Intussusception Polyp or polyposis syndrome 

Duplication cyst Solitary rectal ulcer syndrome 

Arteriovenous malformation Meckel's diverticulum 

Rectal prolapse NSAID-induced ulcer 

Meckel’s diverticulum Hemorrhoids, rectal prolapse 

Hemorrhagic disease Henoch-Schénlein purpura 

of nev/born Arteriovenous malformation 

Coagulopathy Coagulopathy 


err Fig. 12.23: Colonoscopy showing multiple sessile and 
Tumors: Leiomyoma, lymphoma pedunculated polyps in a child with polyposis coll 


syndrome (SRUS). Intussusception is characterized by cutaneous lesions as seen in blue rubber bleb nevus 

isodes of abdominal pain, vomiting and red currant- syndrome often suggests the diagnosis. Children with HIV 
jelly stools, i.e. mixture of blood, mucoid exudates and _ infection or immunosuppression secondary to chemo- 
stool. Painless bleeding is seen commonly in polyps therapy can develop CMV enterocolitis or polymicrobial 
(Fig. 12.23), Meckel’s diverticulum (Fig. 12.24), varices inflammation of cecum (typhlitis), both of which can lead 
(Fig. 12.25), ulcer or vascular anomaly. Presence of typical _ to significant rectal bleeding. 
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ig. 12.24; Jachnetlies om pertechnetate scan showing _ Fig. 12.25: Colonoscopy showing rectal vari In a patient with 
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Fig, 12.26: Approach to a child with lower Gl bleeding 


On examination, presence of fissure and fleshy anal tay 
suggests Crohn's disease whereas characteristic orobuceal 
pigmentation is seen in Peutz-Jeghers syndrome, 
Abdominal examination is useful in detecting sausage. 
shaped mass in intussusception, A gentle per rectal 
examination can detect polyps in the rectum and alva ntool 
impaction, Presence of palpable purpura tn lower tlimba 
with abdominal pain suggests a diagnosis of Henoch- 
Schénlein purpura. Asking the child to strain will show 
presence of rectal prolapse. 

The aim of investigations in a child with lower 
gastrointestinal bleeding Is to localize the site of bleeding, 
i.e, small bowel or colon and also to determine the etiology 
in order to manage it appropriately. The approach ts as 
shown in Table 12,21 and Fig. 12.26, Supportive treatment 
is similar to that of upper gastrointestinal bleeding and 
the specific treatment is dependent upon the cause. 


Table 12.21: Evaluation for etiology of lower gastrointestinal 
tract bleeding 

Colltic presentation 

Hemogram, ESR 


Stool examination for trophozoites, culture sensitivity, assay 
for Clostridium difficile toxin 


Colonoscopy with biopsy for histology, culture, Immuno- 
histochemistry 


Noncolitic presentation 

Hemogram, ESR, prothrombin time 
Colonoscopy and biopsy or polypectomy 
Based on presentation 

Ultrasound abdomen (intussusception) 


*mT¢ pertechnate scan (Meckel’s diverticulum, intestinal 
duplication) 


CT angiography (aneurysmal bleed) 


Capsule endoscopy, double balloon enteroscopy (obscure 
bleeding) 
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DISORDERS OF THE HEPATOBILIARY SYSTEM 
Evaluation 


After accurate history and physical examination, a 
judicious selection of laboratory tests helps in arriving to 
a definite diagnosis, 


Blochemical Tests 


Bilirubin: Total and fractionated (unconjugated and 
conjugated) bilirubin helps to differentiate between 
elevation caused by hemolysis versus hepatocelluJar or 
biliary dysfunction, 


Transaminases (aspartate aminotransferase or ceri 
glutamate-oxaloacetate transferase (AST, SGOT) and 
alanine aminotransferase or serum glutamate pyruvate 
transferase (ALT, SGPT): ALT is present mainly in liver 
and in lower concentration in muscle while AST is derived 
from other organs as well (muscles, kidney, red blood 
cells), Most marked increase in transaminases occurs with 
acute hepatocellular injury secondary to inflammation OF 
ischemia, while in chronic liver disease transaminases are 
mildly or moderately elevated. 


Alkaline phosphatase (ALP): Normal values are higher 
in growing children due to bone isoenzyme fraction. 
elevation is associated with increased gamma glutamy 
transpeptidase (GGT), it suggests cholestasis. GGT 
more specific for hepatobiliary disease. The values are 
higher in newborns and reach normal adult values by 
6-9 months. 
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prothrombin time (PT) and international normalized 
ratio (INR): Deficiency of factors V and vitamin K 
dependent factors (I, VOL, X and X) occurs in Hver disease. 
pT is a marker of synthetic function of liver. INR is a 
standardized way of reporting the prothrombin time. Itis 
the ratio of a patient prothrombin time to a normal sample, 
raised to the power of the international sensitivity Index 
(ISI) value for the analytical system used. ISI ranges 
between 1.0 and 2.0 and shows how a batch of tissue fector 
compares to an internationally standardized sample 


INR = (PT test/PT normal)™ 


The reference range for prothrombin time is usually 
around 11-16 seconds; the normal range for the INR is 
0.8-1.2. A prolongation of PT by >3 seconds is abnormal 


Serum proteins: The half-life of albumin is 20 days; 
albumin is a marker of liver synthetic functions and is low 
in chronic liver disease. Gamma globulins are increased 
in autoimmune hepatitis; the ratio of albumin to globulin 
is reversed in cirrhosis, particularly in autoimmune liver 
disease. Low serum albumin and prolonged PT (un- 
responsive to vitamin K) indicate poor synthetic liver 
functions, raised ALT and AST indicate inflammation and 
raised ALP and GGT suggest cholestasis. 


Serum ammonia levels: Levels are raised in hepatic 
encephalopathy. 


Cholesterol: Levels are increased in cholestasis. 


Liver Blopsy 

Biopsy is a useful investigation for making a histologic 
diagnosis especially in neonatal cholestasis, congenital 
hepatic fibrosis, storage disorders like glycogen storage 
diseases and histiocytosis. It is useful for enzymatic 
estimation in metabolic diseases and for copper in Wilson 
disease. It is helpful in diagnosis of infectious diseases by 
immunohistochemistry and monitoring response to 
therapy. Liver biopsy also helps in understanding the 
stage of liver disease, e.g. chronic hepatitis or cirrhosis, 
degree of fibrosis and inflammation (see Chapter 29). 


Hepatomegaly 


A palpable liver does not always indicate enlargement. It 
only reflects the relation of the liver to adjacent structures. 
In normal children, the liver is palpable one cm and in 
infants up to 2cm below the costal margin. It is important 
to measure the liver span to determine the presence of 
hepatomegaly (Table 12.22). The liver span varies with age: 
Infants 56.5 cm; 1-5 years: 6-7 cm; 5-10 years: 7-9 cm, 
and 10-15 years: 8-10 cm. The liver is also examined for 
tenderness, consistency and character of the surface. 


splenomegaly 
Common causes of splenomegaly are listed in Table 12.23. 
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Table 1222: Causes of hepatomegaly 
Chronic Gver disease (Ccimmosis or chronic hepatitis): Wilson 
Gisease, chronic hepetits 5 and C, autoimmune liver disease, 
Budd-Chien syndrome, crypiogenic 
Ictaboic or storage aisorders: Glycogen storage disease, 
Gaucher disease, Niemann-Pick disease, progressive familial 
inteheostic cholesiasis, nonalcoholic fatty liver disease 
Infecttvs. Viral hepatitis, Iver abscess (pyogenic or amebic), 
tuberculosis, salmonella, malana, kala-azar, hydatid disease 
Tumors. Lymphoma, jeukemia, histiocytosis, neuroblastoma, 
benign hemancioendcihelioma, mesenchymal hamartoma, 
hepatoblasioma, hepatocellular carcinoma 
Biliary. Caroli disease, choledochal cyst, congenital hepatic 
fibrosis, cystic disease of Iver; extrahepatic biliary obstruction 
Miscellaneous. Congestive heart failure, constrictive peri- 


Table 12.23: Common causes of splenomegaly 
Portal hypertension: Cirmhosis, extrahepatic portal venous 
obstruction; congenital hepatic fibrosis, noncirrhotic portal 
fibrosis, Budd-Chian syndrome 
Storage disorders: Niemann-Pick disease, Gaucher disease, 
mucopolysacchandosis 
Hematological malignancies: Leukemia, lymphoma, 
histiocytosis 
Increased splenic function: Collagen vascular disorders, 
autoimmune hemolytic anemia, inherited hemolytic anemias 


Infections: Malaria, enteric fever, viral hepatitis, infectious 
mononucleosis, kala-azar; congenital infections 


Extramedullary hematopoiesis: Osteopetrosis 


Liver Abscess 


Pyogenic liver abscess is more common than amebic liver 
abscess in children. The infection reaches the liver by one 
of the following routes: (i) portal vein, e.g. in intra-abdominal 
sepsis, umbilical vein infection; (ii) biliary tree obstruction 
and cholangitis, e.g. choledochal cyst; (ili) systemic sepsis, 
e.g. endocarditis, osteomyelitis; and (iv) direct inoculation, 
e.g. in trauma. In children on immunosuppressive 
medications or with defects of neutrophil function (e.g. 
chronic granulomatous disease), there is an increased risk 
of developing abscesses, especially due to S. aureus. In 
children with liver abscess without cholangitis or 
pyelophlebitis, gram-positive infections are the commonest. 

Invasive intestinal amebiasis can lead to amebic liver 
abscess although a history of amebic colitis in the preceding 
period is not common. Amebic liver abscess is usually 
solitary and in the right lobe of liver whereas pyogenic 
abscesses may be multiple (secondary to cholangitis) or 
single, Nearly three quarters of pyogenic liver abscesses 
are in the right lobe of liver. 


Clinical features: The child presents with fever and right 
upper quadrant abdominal pain. Jaundice is uncommon. 
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Examination reveals tender hepatomegaly. Empyema, 
pneumonia, subphrenic abscess and cholecystitis can have 
a similar clinical presentation and should be differentiated. 
Complications include spontaneous rupture into 
peritoneum, pericardium, pleura or bronchial tree and 
metastatic spread to Jungs or brain. 


Diagnosis: Leukocytosis and elevated ESR are usually 
present. Transaminases and alkaline phosphatase are 
mildly elevated. X-ray abdomen shows an elevated right 
dome of diaphragm with or without pleural effusion. 
Diagnosis is confirmed by imaging; ultrasound provides 
good details about abscess size, number, rim and 
liquefaction. Contrast-enhanced CT scan may be required 
in patients with complications (Fig. 12.27). Amebic 
serology (indirect hemagglutination test) is positive in 
>95% children with amebic liver abscess and helps to 
differentiate it from pyogenic abscess. However, in the 
developing world, amebic serology may be positive due 
to prior intestinal amebiasis and thus a negative amebic 
serology helps exclude amebic liver abscess. 


Management: Patients with pyogenic liver abscesses are 
treated with broad-spectrum antibiotics (against gram- 
positive—to cover for Staphylococcus aureus, gram-negative 
aerobic and anaerobic bacteria) for 4-6 weeks. 
Metronidazole is used for 10-14 days in patients with 
amebic liver abscess. Ultrasound-guided percutaneous 
needle aspiration and/or catheter drainage is required for 
abscesses that fail to improve after 3-4 days of antibiotic 
therapy, large abscess in left lobe and those with impending 





Fig. 12.27: Computed tomography scan shows a multi- 
loculated liver abscess in the right lobe (black arrow) with 
elevated right dome of diaphragm and ascites. Percutaneous 
drainage catheter Is seen In situ (white arrow) 
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rupture (narrow rim <1 cm). Surgery is required fo, 
abscesses complicated by frank intraperitoneal rupture oy 
multiseptate abscesses not responding to percutaneoys 
catheter drainage and antibiotics. 

Prognosis: The abscess cavity takes 3—6 months to resolve 
completely. Cure rate following management with anti- 
biotics and percutaneous drainage is excellent. 


Liver Tumors 

Liver tumors account for ~0.5-2% of all neoplasms in 
children. Hepatoblastoma, hemangioendothelioma and 
mesenchymal hamartoma are seen primarily in young 
children whereas hepatocellular carcinoma, undifferen- 
tiated embryonal sarcoma and focal nodular hyperplasia 
present in the older child. The most common tumors are 
hepatoblastoma, hepatocellular carcinoma and infantile 


hemangioendothelioma. 


Infantile hepatic hemangioendothelioma is a benign 
tumor and presents mostly in first 6 months of life with 
an abdominal mass. Jaundice, skin hemangiomas and 
congestive heart failure may be associated. The lesion may 
be single or multiple and is made of thin vascular channels. 
Observation is recommended for focal lesions. Treatment 
options for multifocal and diffuse lesions include 
corticosteroids, propranolol, hepatic artery ligation with 
or without corticosteroids, hepatic artery embolization, 
surgical resection or liver transplantation. 


Hepatoblastoma is the most common malignant liver 
tumor in children. It is of two types: Epithelial (fetal or 
embryonal malignant cells) and mixed (epithelial and 
mesenchymal elements) and presents with an abdominal 
mass and anorexia. Weight loss and pain in abdomen 
usually appear late; metastasis occurs to lungs and lymph 
nodes and alpha-fetoprotein is raised in the majority of 
cases. Ultrasound helps to differentiate between malignant 
and vascular lesions. CT and MRI are used to define tumor 
extent and resectability (Fig. 12.28). The survival of 
patients with a hepatoblastoma has markedly improved 
in recent years by combining surgery with pre- and 
postoperative chemotherapeutic agents such as cisplatin 
and doxorubicin. Liver transplantation is an option for 
unresectable hepatoblastoma following chemotherapy in 
absence of visible extrahepatic disease. 


Hepatocellular carcinoma is usually multicentric. The risk 
is increased in patients with chronic hepatitis B or C 
infection, tyrosinemia, glycogen storage disease or prior 
androgen therapy. The tumor presents as a liver mass Wi 
abdominal distension, anorexia and weight loss. Live! 
functions are usually normal and anemia may be present 
alpha-fetoprotein is raised. Imaging with CT/MRI helps 
in defining tumor extent, resectability and metastasis. Bon® 
scan and CT chest should be done to screen for distant 
metastasis. Treatment options include surgical resection 
along with chemotherapy; chemoembolization and live! 
transplantation. 
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Fig. 12.28: CECT showing a large hepatoblastoma 
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Jaundice 


The term jaundice means a yellow discoloration of skin, 
sclera and mucous membrane due to increase in the serum 
bilirubin levels. Nearly 250-300 mg of bilirubin is 
produced daily, approximately 70% from breakdown of 
old erythrocytes in reticuloendothelial system. Bilirubin 
is cleared by the liver in three steps. It is first transported 
into hepatocytes by specific carriers. Then it is conjugated 
to 1-2 molecules of glucoronide. Thereafter, the conjugated 
bilirubin moves to the canalicular membrane where it is 
excreted into the bile canaliculi by other carrier proteins. 
Most of the conjugated bilirubin is excreted in the stool 
and small amount is reabsorbed after deconjugation by 
colonic bacteria. Colonic bacteria also reduce bilirubin to 
urobilinogen, which is reabsorbed and excreted in urine. 

Serum bilirubin should be >2.5-5 mg/dL for jaundice 
to be visible. Hyperbilirubinemia is classified as 
unconjugated (conjugated bilirubin fraction <15% of total 
bilirubin and normal colored urine) and conjugated 
hyperbilirubinemia (conjugated bilirubin fraction >20% 
with high colored urine). Conjugated bilirubin is cleared 
by kidneys; thus in renal failure, bilirubin levels are 
increased. Any abnormality of the above steps can cause 
Jaundice (Table 12.24). 


Congenital Enzyme Deficiencies 


Gilbert syndrome is the most common cause of 
Unconjugated hyperbilirubinemia and affects 3-8 % of the 


"Table 12.24: Causes of jaundice in children 
Unconjugated hyperbilirubinemla 


Hemolysis: Blood group incompatibility (Rh, ABO), drugs, 
infection related, glucose-6-phosphate dehydrogenase 
deficiency, autoimmune hemolysis 


Bilirubin overproduction: Ineffective erythropoiesis, large 
hematoma 

Specific conditions in neonates: Physiologic jaundice, breast 
milk jaundice 

Enzyme defects: Gilbert syndrome, Crigler-Najjar syndrome 
Miscellaneous: Hypothyroidism, fasting 


Conjugated hyperbilirubinemla 


Neonatal cholestasis 

Infections: Sepsis, acute viral hepatitis, enteric fever, malaria, 
leptospirosis 

Chronic liver disease 

Liver tumor: Primary, secondaries 

Infiltration: Histiocytosis, leukemia 

Enzyme defects: Dubin-Johnson syndrome, Rotor syndrome 
Biliary: Choledochal cyst, choledocolithiasis, ascariasis, 
sclerosing cholangitis 


Miscellaneous: Drug toxicity (hepatocellular, cholestatic), total 
parenteral nutrition, veno-occlusive disease 


population. It results from a partial deficiency of the 
enzyme uridine diphosphate glucuronyl transferase 
(UDP-GT) and thus, impaired conjugation. Most patients 
are asymptomatic and exhibit chronic or recurrent 
jaundice (up to 6 mg/dL) precipitated by intercurrent 
illness, fasting or stress. Mild fatigue, nausea, anorexia or 
abdominal pain may be present in some patients. Other 
liver functions remain normal. No specific treatment is 
necessary for this disorder. 


Crigler-Najjar syndrome (CN) type I is an autosomal 
recessive disorder characterized by absence of UDP-GT 
activity. Patients develop severe unconjugated hyper- 
bilirubinemia and die by 18-24 months of age, if untreated. 
Phototherapy, plasmapheresis and exchange transfusion 
are required for managing these cases in initial phases. 
Serum bilirubin levels should be kept below 20 mg/dL 
during first several months of life to prevent brain damage. 
Definitive treatment is possible by liver transplantation, 
preferably auxiliary, if available. 


Crigler-Najjar syndrome type I is also known as Aria 
syndrome. There is marked reduction of UDP-GT. In 
comparison to type I, jaundice is less severe and does not 
result in kernicterus. The condition responds to drugs like 
phenobarbitone that stimulate hyperplasia of the 
endoplasmic reticulum. The bilirubin level significantly 
decreases in type II CN following administration of 
phenobarbitone, while no change is seen in type I patients. 


Dubin-Johnson syndrome is an autosomal recessive 
disorder resulting from impaired hepatic excretion of 
bilirubin and causes conjugated hyperbilirubinemia 
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(2-6 mg/dL), The transaminases and synthetic liver 
functions are normal, Most patients are asymptomatic 
apart from jaundice. Pregnancy and oral contraceptives 
may worsen jaundice, Liver blopsy is often done for 
exclusion of other causes and shows brown-black 
pigmentation. 


Rotor syndrome is a rare, autosomal recessive disorder 
manifesting as mild conjugated hyperbillrubinemia. The 
primary defect appears to be a deficiency in the 
intracellular storage capacity of the liver for binding 
anions. The liver histology is normal. 


ACUTE VIRAL HEPATITIS 


— es 


Viruses can affect the liver, either primarily, e.g. hepatitis 
A, B, C, E or as part of a systemic involvement, e.g. 
cytomegalovirus (CMV), Epstein-Barr virus (EBV), herpes 
simplex virus (HSV). In Indian children, hepatitis A is the 
commonest cause (40-60%) of acute viral hepatitis, 
followed by hepatitis E (10-20%) and hepatitis B (7-17%), 
Nearly 8-20% patients have coinfection with more than 
one virus, HAV and HEV being the commonest. Hepatitis 
A and E are transmitted by feco-oral route whereas HBV 
and HCV are transmitted by parenteral or vertical (mother 
to baby) route (Table 12.25) (see also Chapter 11). 


Clinical Features 


Following exposure, patients show a prodrome charac- 
terized by low grade fever, malaise, anorexia and 
vomiting, followed by appearance of jaundice. Examina- 
tion shows icterus, hepatomegaly and splenomegaly 
(small, soft in 15-20%). Mild ascites may be present in 10- 
15% cases, which resolves completely on follow-up. Over 
the next few weeks, the appetite improves, jaundice 
resolves and the child gets better. In young children, 
asymptomatic and anicteric presentation of hepatitis A 
infection can occur. 


Differential Diagnosis 


The conditions, which mimic the clinical features of viral 
hepatitis include enteric fever, falciparum malaria, 
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leptospirosis and viral hemorrhagic fever, Other 
conditions that need to be differentiated include drug. 
induced hepatitis, acute presentation of autoimmune liye, 
disease or Wilson disease. 


Investigations 


Direct hyperbilirubinemia with markedly elevated ALT / 
AST and normal albumin and prothrombin time are usua). 
Mild leukopenia with relative lymphocytosis is seen, 
Ultrasound is not routinely required, but shows mildly 
enlarged liver with increased echogenicity and edema of 
gallbladder wall. Viral serologies help determine the 
etiology of acute viral hepatitis, as shown in Table 12.25. 


Complications 


These include: 

i. Acute liver failure. The appearance of irritability, altered 
sleep pattern, persistent anorexia and uncorrectable 
coagulopathy (despite administration of vitamin K) 
suggests the development of acute liver failure. 

ii. Aplastic anemia 

iii. Pancreatitis 

iv. Serum sickness, vasculitis-like reaction may be seen 
in hepatitis B infection 

v. Hemolysis (cola-colored urine) with renal failure in 
subjects with glucose-6-phosphate dehydrogenase 
deficiency 

vi. Chronic liver disease: In patients with acute viral 
hepatitis due to HBV, repeat testing for hepati=s 
surface antigen should be done after 6 months to 
document clearance or persistence of infection. A 
majority (95%) clear hepatitis B infection after 2cute 
icteric infection. 


od -—- 


Management 


Maintaining adequate oral intake is essential and 
intravenous fluids are given, if persistent vomiting and 
dehydration are present. There is no advantage of enivrced 
bed rest, but vigorous activity should be avoided No 
specific dietary modification is recommended. The child 


Table 12,25; Epidemiological profile of different hepatitis viruses 


Virus A B 
Type of virus RNA DNA 
Incubation perlod, days 15-40 50-150 
Route of Infection 
Feco-oral + - 
Parenteral Rare Yes 
Others 
Chronic liver disease - + 
Vaccine Avallable Available 
-Diagnostic test IgM; antl-HAV 





HBsAg; IgM antl-HBc 


C E 
RNA RNA 
30-150 15-45 
- + 

Yes = 


Perinatal by sexual contact Perinatal sexual contact — 


+ ~ 


No No (being developed) 


Anti-HCV antibody; IgM anti-HEV 
HCV RN 
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should be monitored for appearance of complications like 
encephalopathy. 


Prevention 


Public health measures like sanitation, safe drinking water 
supply, handwashing and proper food hygiene are of 
utmost importance, especially in epidemics of hepatitis A 
or E. Proper screening of blood and blood products and 
safe injection practices are essential. Universal immuniza- 


tion for hepatitis B is the most effective way of preventing 
hepatitis B related disease. 


Suggested Reading 
* Strassburg CP. Hyperbilirubinemia syndromes. Best Pract Res Clin 
Gastroenterol 2010; 24:555~71. 


« Yeung LT, Roberts EA. Current issues in the management of 
pediatric viral hepatitis. Liver Int 2010; 30:5-18. 


LIVER FAILURE 


Liver failure refers to a clinical state resulting from 
hepatocyte dysfunction or necrosis and not a specific 
disease etiology. It may occur de novo in normal children 
without any evidence of pre-existing liver disease where 
itis known as acute liver failure (ALF). 


Acute liver failure: An international normalized ratio 21.5 
with hepatic encephalopathy or an international 
normalized ratio >2 without hepatic encephalopathy along 
with biochemical evidence of liver injury in the absence 
of underlying chronic liver disease is considered as acute 
liver failure. The presence of hepatic encephalopathy is 
not essential for diagnosis of ALF in children. All 
international normalized prothrombin values refer to that 
measured after 8 hours of parenteral vitamin K 
administration. This definition has evolved with the 
understanding that detection of mild grades of hepatic 
encephalopathy in small children is difficult and any 
behavioral change or irritability in this age group may 
not be necessarily due to hepatic encephalopathy. 


Ss) 


Patients with chronic liver disease may manifest with 
features of hepatocellular failure due to progressive 
worsening of liver function as part of the natural course 
of the disease or as a sudden dysfunction due to a super- 
imposed hepatic insult resulting in acute on chronic liver 
failure (ACLF). Superimposed insult can be due to hepato- 
tropic virus (hepatitis A, E, B) infection, hepatotoxic drug 
intake or sepsis and varies with the geographical area. 

ALF in children is a condition associated with high 
mortality and the etiology varies among different age 
groups (Table 12.26). Autoimmune liver disease and 
Wilson disease are two important causes of chronic liver 
disease in children which may have an acute presentation 
mimicking ALF. Drugs, especially antitubercular agents 
(isoniazid, rifampicin, pyrazinamide) and anticonvulsants 
are a major cause of ALF. In the West, paracetamol 
poisoning is a common cause of ALF. Herbal medicines 
and mushroom poisoning are also known to cause ALF. 
In the neonatal period, liver failure may be a result of 
metabolic conditions (neonatal hemochromatosis, 
galactosemia, hereditary fructose intolerance, tyrosinemia 
type 1, Niemann-Pick disease), infections and hematological 
conditions like hemophagocytic lymphohistiocytosis. A 
careful history and rapid investigations are necessary to 
identify the etiology, which has prognostic and therapeutic 
implications. However, 30-40% cases are idiopathic. 


Clinical Features 


The early clinical manifestations of ALF are nonspecific 
and characterized by lethargy, anorexia, malaise, nausea 
and vomiting. Central nervous system manifestations 
include hepatic encephalopathy and cerebral edema with 
raised intracranial tension. Hepatic encephalopathy is a 
result of inability of the liver to process and excrete 
endogenous toxins. Raised levels of ammonia, GABA, 
false neurotransmitters and proinflammatory cytokines 
are implicated in its pathogenesis. Hepatic encephalo- 
pathy is classified into four stages (Table 12.27). 
Identification of hepatic encephalopathy in children can 


Table 12.26: Causes of acute liver failure in children 


Infections Common: Viral hepatitis (A, B, E) 

Uncommon: Adenovirus, Epstein-Barr, parvovirus, cytomegalovirus, echovirus, varicella, dengue, herpes simplex 
virus | and |I* 

Others Septicemia*, malaria, leptospirosis 

Drugs Isoniazid with rifampicin, pyrazinamide, acetaminophen, sodium valproate, carbamazepine, ketoconazole 

Toxins Herbal medicines, Amanita phalloides poisoning, carbon tetrachloride 

Metabolic Wilson disease, galactosemia*, tyrosinemia*, hereditary fructose intolerance”, hemochromatosis*, Niemann-Pick 
disease type C*, mitochondrial cytopathies*, congenital disorder of glycosylation 

Autoimmune Autoimmune liver disease 

Vascular Acute Budd-Chiari syndrome, acute circulatory failure 

Infiltrative Leukemia, lymphoma, histiocytosis“ 

Idiopathic 


* . 
More common in neonates and infants 
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- Table 12.27: Stages of hepatic encephalopathy in children 
Stage Features Reflexes 


Inconsolable crying, Normal or hyper-reflexic; 
inattention to task, not asterixis absent 
acting like self, disturbed 
sleep-wake cycle 


ll Same as in stage | Normal or hyper-reflexic; 


asterixis easily elicited 
Hyper-reflexic; asterixis 
present 

Decerebrate or 


decorticate; asterixis 
absent 


lH Somnolence, stupor, 
combative 

IV Comatose, responsive 
to pain (IVA) or non- 
responsive to pain (IVB) 


be challenging as in the early stages they present with non- 
specific findings such as excessive somnolence, reversal 
of sleep-wake cycle or behavioral and personality changes. 

Coagulopathy due to impaired production of 
coagulation factors results in bleeding. Platelet counts are 
affected in the setting of infection. The patient may 
manifest with hypoglycemia, electrolyte imbalance and 
metabolic acidosis. Infections are common in ALF as the 
immune system is dysfunctional and invasive procedures 
are performed commonly. This results in gram-positive, 
gram-negative and fungal infections. Infection may 
manifest as hypotension, disseminated intravascular 
coagulation, worsening metabolic acidosis, worsening 
encephalopathy, oliguria and azotemia. 

Investigations for specific causes, if suspected, are 
important as specific treatment is needed in these cases 
(Table 12.28). 


Table 12.28: Investigations for cause of acute liver failure 
Infectious IgM anti-HAV (hepatitis A virus) 
IgM anti-HEV (hepatitis E virus) 
Hepatitis B surface antigen, IgM core 
antibody 
Cytomegalovirus PCR 
IgM varicella zoster virus, EBV viral 
capsid antigen 
Metabolic 
Wilson disease Ceruloplasmin, Kayser-Fleischer 
ring, 24 hour urinary copper 
Urinary succinylacetone level 
Urine nonglucose reducing 


substances, galactose-1-phosphate 
uridyltransferase level 


Tyrosinemia 
Galactosemia 


Autoimmune Anti-liver kidney microsomal 
hepatitis antibody; antinuclear antibody; anti- 
smooth muscle antibody; 
immunoglobulin levels 
Miscellaneous 
Hemophagocytosis Triglyceride, ferritin, fibrinogen and 


bone marrow biopsy 
Paracetamol poisoning Plasma levels of paracetamol 
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Management 

The management of liver failure in children is base on: 
(i) diagnosis of etiology as it influences the Prognosis ang 
management, (ii) assessment of severity of liver failure 
and timely liver transplantation, if indicated: and 
(iii) anticipation, prevention and treatment of complica. 
tions. Patients should be treated and monitored close] in 
an intensive care unit (Table 12.29). Elective intubation 
and ventilation is beneficial in subjects with stage 3 hepatic 
encephalopathy or more. The hemodynamics need to be 
assessed and supported. 

Raised intracranial pressure is managed with mannito| 
20% (0.5 to 1 g/kg with target osmolality not crossing 
320 mOsm/kg) or hypertonic saline (3% to 30%). The 
target serum sodium should be 145-155 mEq/L to maintain 
hypertonicity. The head end is kept at 30° elevation in 
neutral position. Hyperventilation to decrease cerebral 
edema should be transient. Monitoring intracrania] 
pressure has not been convincingly shown to improve 
outcomes. Lactulose has not been shown to improve 
hepatic encephalopathy and outcome. Bowel decontami- 
nation by oral nonabsorbable antimicrobials (to decrease 
ammonia load and to decrease infections) has been tried 
in ALF but does not alter the survival. Recently it has been 
shown that N-acetylcysteine does not improve 1-year 
survival in non-acetaminophen ALF in children. 
Phenytoin may be used for treating seizures. Normal 
maintenance intravenous fluids containing dextrose are 
given and blood glucose is monitored to prevent and treat 
hypoglycemia. Electrolyte imbalances should be identified 
and treated early. 

Prophylactic antimicrobial regimens do not irnprove 
outcome or survival in patients with ALF, Empirical 
antibiotics are recommended in circumstances wi!/ high- 
risk of sepsis, i.e. surveillance cultures reveal significant 
isolates, advanced hepatic encephalopathy, refractory 
hypotension, renal failure or presence of systemic 
inflammatory response syndrome (temperature >38°C 
<36°C, leukocyte count >12,000 or <4,000/mm’, 
tachycardia). Antibiotic therapy is recommended for 


Table 12.29: Monitoring of children with acute liver failure 
Pulse rate, respiratory rate, blood pressure, temperature (4 4 hr) 
Intake-output charting (q 6 hr) 

Liver span, neurological monitoring, grading of coma (q 12 hi) 
Blood sugar, electrolytes, pH, bicarbonate, lactate (q 6-12 hi 
Prothrombin time (INR) (daily) 

Complete blood counts, CRP (twice a week) 


Transaminases, GGTP, alkaline phosphatase, lactate dehydro 
genase, total and conjugated bilirubin (twice a week) 


Creatinine, calcium, phosphate (twice a week) 


Monitor as needed: Evidence of infection on chest X-ray: 
and urine cultures; blood ammonia 


blood 
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acute liver failure 


Table 12.30: Specific treatment of conditions causing eae 
acut : th Mere — 
Antioxidants; chelation; prenatal intra- 
venous immunoglobulin in combination 
with postnatal exchange transfusion 


Nitisinone (NTBC); restriction of phenyl- 
alanine and tyrosine in diet 


Galactose and lactose free diet 
Fructose free diet 


“Neonatal 
hemochromatosis 


Tyrosinemia 


Galactosemia 
Hereditary fructose 


intolerance 

Mitochondrial Coenzyme Q10, vitamin E, carnitine 

cytopathies 

Amanita poisoning Penicillin G, silibinin and N-acetyl- 
cysteine 

Herpes simplex High dose acyclovir (60 mg/kg/day) 
for 21 days 


Acetaminophen 


N-acetyl-cysteine (see Chapter 27) 
poisoning 


patients listed for transplantation. Antimicrobials with 
coverage against gram-positive and gram-negative 
organisms (cefotaxime with cloxacillin) along with 
antifungals are used. Aminoglycosides are avoided to 
prevent renal dysfunction. Close monitoring and early 
detection of infection is essential. Coagulopathy does not 
necessarily warrant transfusion of fresh frozen plasma 
unless bleeding manifestations are clinically evident or 
an invasive intervention is planned or INR is >7. Proton 
pump inhibitions are used for stress ulcer prophylaxis. 

In spite of adequate supportive care, the mortality in 
ALF is as high as 60-70%. Early identification of children 
who would benefit only from liver transplantation is 
essential. The King’s College criteria are one of the 
commonly used criteria to identify adult patients 
requiring liver transplantation. Application of these 
criteria in developing countries seems to be limited due 
to variation in etiology other than paracetamol induced 
liver failure. Young age (<3.5 years), bilirubin 216.7 mg/dL, 
prolonged prothrombin time (>40 seconds) and signs of 
cerebral edema predicted mortality in an Indian study. 
Table 12.30 lists the specific therapy for common 
etiologies of ALF. 
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* Bhatia V, Bavdekar A, Yachha SK et al. Management of acute liver 
failure in infants and children: consensus statement of the pediatric 
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CHRONIC LIVER DISEASE 


Chronic liver disease (CLD) refers to a spectrum of 
disorders characterized by ongoing chronic liver damage 
and a potential to progress to cirrhosis or end stage liver 
disease. Although a 6-month duration cut off is used for 
defining chronicity related to hepatitis B and C, it does 
not apply to the other causes as irreversible liver damage 
may have already taken place before symptoms of liver 
disease are recognized. 

Cirrhosis is a diffuse liver process characterized by cell 
injury (necrosis) in response to inflammation/injury and 
fibrosis and regeneration (nodule formation). When the 
disease is silent, the patient may have hepatosplenomegaly 
and abnormal liver function tests and it is termed as 
compensated cirrhosis. When the patient develops 
jaundice, gastrointestinal bleed, ascites and/or hepatic 
encephalopathy, it is known as decompensated cirrhosis. 


Etiology 


The main causes of CLD in children are listed in 
Table 12.31. In India, ~25% of CLD is due to metabolic 
causes (Wilson disease being the commonest), 8-15% are 
due to hepatitis B and 2+4% due to autoimmune causes. 
Nearly 40% patients do not have a known etiology, and 
are labeled cryptogenic. 


Clinical Features 


The presentation depends on the etiology and pace of 
disease progression. Patients may present with insidious 
onset disease with failure to thrive, anorexia, muscle 
weakness and/or jaundice or abruptly with massive 
gastrointestinal bleed, acute onset jaundice, along with 


___ Table 12.31: Causes of chronic liver disease 
Viral hepatitis Hepatitis B (common), hepatitis C 
(uncommon) 

Autoimmune hepatitis (common), 
autoimmune sclerosing cholangitis 


Wilson disease, glycogen storage 
disease (IV)*, progressive familial 
intrahepatic cholestasis’, galactosemia‘, 
NASH related, tyrosinemia*, Indian 
childhood cirrhosis* (rare), cystic 
fibrosis, hereditary fructose 
intolerance*, alpha-1-antitrypsin 
deficiency, bile acid synthetic defects 
Budd-Chiari syndrome, veno-occlusive 
disease, constrictive pericarditis, 
congestive heart failure 

Biliary atresia*, choledochal cyst*, 
primary sclerosing cholangitis, Caroli 
disease, Alagille syndrome 
Niemann-Pick disease, Gaucher disease: 
drug induced (valproate, carbamazepine) 


NASH: Nonalcoholic steatohepatitis 
“Causes in infants and young children <5 yr of age 


Autoimmune liver 
disease 


Metabolic 


Venous obstruction 


Biliary 


Rare causes 
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altered sensorium and ascites. Sometimes the patient may 
be asymptomatic and child is noticed to have hepato- 
splenomegaly or elevated transaminases on investigations 
for some unrelated illness. Clinical features on 
examination that suggest presence of CLD are: 


Characteristics of liver: The liver may be firm to hard, 


nodular or have irregular margins in cirrhosis. Differential 
left lobe enlargement is a feature of CLD. A small, non- 
palpable shrunken liver is a feature of post-necrotic 
cirrhosis. Seer 
Stigmata of CLD: These include spider angiomata, palmar 
erythema, clubbing, leukonychia, muscle wasting, delayed 
puberty and gynecomastia. Testicular atrophy and parotid 
enlargement are present in adults with alcoholic liver 
disease, but not in children. 


Portal hypertension: Splenomegaly, ascites, tortuous veins 
over abdominal wall with flow away from umbilicus, i.e. 
caput medusae; esophageal varices with/without gastric 
varices on endoscopy. 


Features of hepatic encephalopathy: Asterixis, constructional 
apraxia or altered sensorium (Table 12.27) may be seen. 


Evaluation 


Evaluation of patients with suspected CLD is two- 
pronged: (i) determine etiology of CLD and (ii) assess 
degree of liver dysfunction and presence of complications 
(Table 12.32). Based on clinical and laboratory features, 
liver damage is graded using scores like the CHILD score 
and pediatric end stage liver disease (PELD) score. 
Complications of CLD are: (i) hepatic encephalopathy; 
(ii) portal hypertension with variceal bleeding, 
portopulmonary hypertension and hepatopulmonary 
syndrome; (iii) ascites and spontaneous bacterial 
peritonitis; (iv) hepatorenal syndrome; (v) coagulopathy; 
(vi) nutrition failure; (vii) increased risk of infections; and 
(viii) hepatocellular carcinoma. 


Hepatic Encephalopathy 


Hepatic encephalopathy refers to neuropsychiatric 
abnormalities that result from liver dysfunction. It is a 
principal manifestations of CLD and can be graded 
(Table 12,27). Various factors like gastrointestinal bleed, 
infection, use of sedatives, dehydration due to aggressive 
diuresis, constipation and electrolyte imbalance can 
precipitate encephalopathy. Identification and reversal of 
the precipitating event is of importance. As ammonia is 
an important putative metabolite, efforts are targeted 
towards reducing its production and absorption and 
facilitating its excretion. Oral antibiotics and synthetic 
disaccharides have been shown to be effective in 
minimizing ammonia production in these patients. 
Neomycin was used in the past but it has serious side 
effects of deafness and renal toxicity. Rifaximin is a new 
drug with a better safety profile. Nonabsorbable 
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| Common Investigations 


Low albumin, reversal of albumin- 
globulin ratio and prolonged 
prothrombin time 

High conjugated bilirubin suggests 
liver dysfunction or obstruction 
Raised transaminases suggest 
hepatocellular injury; raised alkaline 
phosphatase and gamma glutamy) 
transpeptidase suggest biliary disease 


Liver function tests 


Nodular liver, mass lesion, dilated 
portal vein and collaterals, ascites, 
splenomegaly 


Ultrasonography 


Portal hypertension: Esophageal or 
gastric varices 


Upper Gl endoscopy 


Breaking of lamina limitans and 
lobular inflammation; nodule 
formation and loss of architecture in 
cirrhosis; may also aid in diagnosis of 
specific diseases 


Liver biopsy 


Specific to etiology 


HBsAg, HBeAg, anti-HBe, anti-HCV, 
HBV DNA, HCV RNA 
Anti-smooth muscle, anti-liver kidney 
microsomal, antinuclear antibodies 
Ceruloplasmin, Kayser-Fleischer ring; 
24 hours urine copper; liver copper 
Serum alpha-1-antitrypsin levels; Pl 
type 
Positive nonglucose reducing 
substances in urine; galactose-1- 
phosphate uridyltransferase assay 


Viral markers 


Autoimmune 
hepatitis 


Wilson disease 


Alpha-1-antitrypsin 
deficiency 
Galactosemia 


Cystic fibrosis Sweat chloride test; genetic analysis 
Tyrosinemia Urinary succinylacetone leve! 
Budd-Chiari Doppler ultrasonography for hepatic 
syndrome vein, inferior vena cava 

Sclerosing Magnetic resonance cholangicpancrealo 
cholangitis graphy; liver biopsy 


Bone marrow, fundus examination; 
liver biopsy 


Storage disorders 


disaccharides like lactulose and lactitol reach the colon 
intact and then are metabolized by bacteria into variety 
of small molecular weight organic acids. It acts HH 
acidifying fecal contents and trapping the diffusib 
ammonia as ammonium ion in the fecal stream along W’ 
alteration in colonic flora (loss of ammonia product, 
bacteria). In infants and children, protein intake § or 
not be restricted to the point of causing growth failure ° 
compromising overall nutritional status and a tar get le 
of 1-2 g/kg/day is often recommended. Vege ids 
proteins, which are rich in branched chain amine ‘ 
are preferred over animal proteins. 
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Nutrition Fallure 


Children with end-stage liver disease are at risk for 
developing nutritional compromise, which increases the 
disease related morbidity. The etiology of failure to gain 
weight in children with end-stage liver disease is 
multifactorial, due to a combination of decreased caloric 
intake, increased energy expenditure, malabsorption of 
macro- and micronutrients and altered physiologic 
anabolic signals. Children with CLD also have reduced 
levels of liver-derived insulin-like growth factor 1, which 
mediates the anabolic action of growth hormone and thus 
a growth hormone-resistant state that negatively impacts 
growth. 


Clinical recognition of malnutrition in infants and 
children with end-stage liver disease relies on careful 
monitoring for clinical features like growth failure, loss 
of muscle mass, delayed motor development or signs of 
fat-soluble vitamin or essential fatty acid deficiencies 
(skin rash, peripheral neuropathy, rickets/fractures or 
bruising). The presence of ascites, edema and organo- 
megaly makes weight an unreliable indicator of nutrition 
in a child with CLD. So height monitoring, along with 
assessment of other anthropometric markers of body fat 
and muscle mass like triceps skin fold and mid-arm 
circumference should be used. 


All patients need increased caloric intake ~120-150% 
of their estimated daily requirements. Formulas 
containing medium-chain triglycerides are used to 
maximize fat absorption in the setting of severe cholestasis. 
Daily supplements of vitamins and other nutrients like 
calcium and iron need to be given. For patients who cannot 
meet the needs by oral feeding, nasogastric tube feedings 
should be started. 

Patients with CLD are especially vulnerable to viral and 
bacterial infections. Careful attention must be given to 
ensure that all infants and children with CLD receive all 
recommended routine childhood vaccinations. 


Hepatorenal Syndrome 


Hepatorenal syndrome is a functional renal impairment 
as changes are reversible after liver transplant. It is defined 
as progressive renal insufficiency in absence of other 
known causes (prerenal, nephrotoxic drugs) of renal 
failure in patients with severe liver disease. 
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ASCITES 


Ascites is the pathologic accumulation of fluid within the 
peritoneal cavity and it can occur at any age and also in 
utero. The main causes of ascites are given in Table 12.33. 
Sometimes a large intra-abdominal cyst, i.e. cystic 
lymphangioma, omental or ovarian cyst can masquerade 
as ascites; this is known as pseudoascites. 





Evaluation: History and examination, imaging studies 
and paracentesis are required for ascertaining the etiology. 
Patients present with increased abdominal girth and 
weight gain. Physical examination reveals abdominal 
distension, bulging flanks, shifting dullness, fluid thrill 
and puddle sign. The liver and spleen may be difficult to 
palpate in patients with tense ascites. Dilated abdominal 

collaterals and caput medusae may be seen in ascites due 

to liver disease, while collaterals in flanks and on the back 

suggest inferior vena cava block. Elevated jugular venous 

pressure suggests a cardiac origin, e.g. constrictive 

pericarditis. 

Ultrasound is a sensitive imaging technique for the 
detection of ascites. Free fluid layers in the dependent 
regions, i.e. the hepatorenal recess (Morrison pouch) and 
the pelvic cul-de-sac which is detected on ultrasound. 
Abdominal paracentesis is a simple test for determining 
the etiology. Diagnostic paracentesis should be done when 
ascites is first detected, at the time of hospitalization, or 
when there is clinical deterioration with unexplained 
fever, abdominal pain or diarrhea. Ultrasound-guided tap 
is warranted in children with loculated ascites. 


Investigations: Ascitic fluid should be evaluated for total 
and differential cell count, albumin level and culture. 
Serum albumin is done to calculate the serum ascites 
albumin gradient (SAAG), i.e. the concentration of 
albumin in serum minus its concentration in ascitic fluid. 


| Table 12.33: Causes of ascites 
Common 


Cirrhosis and portal hypertension 

Budd-Chiari syndrome 

Nephrotic syndrome 

Protein losing enteropathy 

Tubercular ascites 

Constrictive pericarditis 

Cardiac failure 

Chylous: Lymphatic obstruction, thoracic duct injury, intestinal 
lymphangiectasia 


‘Uncommon 


Pancreatic: Pancreatitis, pancreatic duct injury 

Urinary: Obstructive uropathy, bladder rupture 
Hepatobiliary: Bile duct perforation, veno-occlusive disease 
Serositis:; SLE, eosinophilic enteropathy 

Infections: Parvovirus, syphilis, cytomegalovirus 


Others: Intestinal perforation, peritoneal dialysis, ventriculo- 


peritoneal shunt, epidemic dropsy 
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High gradient ascites (SAAG 21.1 g/dL) suggests portal 
hypertension and is seen in cirrhosis, fulminant hepatic 
failure, Budd-Chiari syndrome and portal vein thrombosis. 


Low gradient ascites (SAAG <1.1 g/dL) occurs in absence 
of portal hypertension in conditions such as peritoneal 
carcinomatosis, tuberculous peritonitis, pancreatic ascites, 
biliary leak ascites, nephrotic syndrome and serositis. 
Elevated ascitic fluid level of amylase indicates 
pancreatitis or intestinal perforation. Polymicrobial 
infection is consistent with intestinal perforation, whereas 
monomicrobial infection suggests spontaneous bacterial 
peritonitis. Uroascites is present when the concentration 
of urea and creatinine are higher in the ascitic fluid than 
in serum. In biliary ascites, the ascitic fluid bilirubin is 
>6 mg/dL and in chylous ascites the ascitic fluid is milky 


in appearance and has a triglyceride concentration of 
>200 mg/dL. 


Treatment 


Small amounts of ascitic fluid that do not produce 
symptoms or clinical sequelae may require little or no 
treatment. Tense ascites causing respiratory compromise, 
severe pain, or other major clinical problems should be 
treated promptly. Treatment largely depends upon the 
cause, e.g, antitubercular therapy for tubercular ascites, 
diuretics for chronic liver disease and surgery for bile duct 
or bowel perforation. 


Ascites with Liver Disease 


In liver disease, ascites represents a state of excess total 
body sodium and water. The main postulated patho- 
genetic mechanisms include: (i) Underfill theory: Primarily, 
there is inappropriate sequestration of fluid within the 
splanchnic vascular bed as a consequence of portal 
hypertension that produces decrease in effective 
circulating blood volume. This activates the plasma renin, 
aldosterone and sympathetic nervous system, resulting 
in renal sodium and water retention. (ii) Overfill theory: 
Primary abnormality is inappropriate renal retention of 
sodium and water in the absence of volume depletion. 
Basis of this theory is that patients with cirrhosis have 
intravascular hypervolemia rather than hypovolemia. 
(ili) Peripheral arterial vasodilation: The chief cause of ascites 
is splanchnic vasodilation, which leads to decrease in 
effective arterial blood volume. Progressive deterioration 
of liver functions, portal hypertension, splanchnic arterial 
vasodilatation and reduced plasma oncotic pressure due 
to low serum albumin contribute to development of ascites. 


Management: For patients with ascites related to liver 
disease, mobilization of ascitic fluid is accomplished by 
creating a negative sodium balance until ascites has 
diminished or resolved; then the sodium balance is 


newlines so that ascites does not recur. Oral diuretic 
“raPpy Consists of single morning dose of spironolactone 
(0.5-3 m 


g/kg) along with furosemide (0.5-2 mg/kg), that 
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“43 intenance of normokalemia. If weight |, 
nro ee abdominal girth are inadequate, the dose. 
of both spironolactone and furosemide should be 
increased simultaneously. Along with diuretic therapy 
patients should be on a sodium restricted diet. One gram 
of table salt contains 17 mEq of sodium and one gram of 
sodium approximates 44 mEq of sodium. Restriction g, 
sodium in diet is limited to 1-2 mEq/kg/day for infants 
and children and 1 to 2 g/day (44 to 88 mEq of sodium, 
day) in adolescents. | 

If the ascites is massive or the patient is having 
respiratory discomfort, large volume paracentesis should 
be done preferably under cover of albumin infusion, 
Patients who are resistant to above therapy can be treateg 
with transjugular intrahepatic portosystemic shunting 
(TIPS) as a temporary measure till orthotopic liver 
transplantation is done. 


Spontaneous Bacterla! Peritonitis (SBP) 


This refers to bacterial peritonitis not associated with gut 
perforation or any other secondary cause. Presence of 2250 
polymorphonuclear cells/mm?’ with a positive culture of 
ascitic fluid is diagnostic of SBP. The other variants of 
ascitic fluid infection (AFI) in patients with liver disease 
are culture negative neutracytic ascites (2250 poly- 
morphonuclear cells/mm? with negative culture) and 
monomicrobial non-neutracytic ascites (<250 poly- 
morphonuclear cells/mm? with positive culture). Patients 
present with rapid onset abdominal distension, fever, 
malaise and abdominal pain with tenderness on 
abdominal examination. However, symptoms may be 
absent in 30-40% cases with SBP and so patients withnew 
onset ascites and those with unexplained clinical 
deterioration should be subjected to diagnostic abdominal 
paracentesis to look for AFI. Third generation cephalo- 
sporins, for a total of 5 to 7 days, are recommended for 
treatment. Long-term administration of oral nor‘loxacin 
5-7.5 mg/kg once a day in patients with cirrhosis and 
ascitic protein content of <1 g/dL or prior episove of SBP 
is recommended. Despite advances in supportive care, 
bacterial peritonitis is an indicator of poor prognosis. 


PORTAL HYPERTENSION 


a 


The portal vein is formed by the splenic and the supen! 
mesenteric veins. Normal portal pressure is betwee" 
9 and 10 mm Hg and portal hypertension is an increase" 
portal pressure of >12 mm Hg, It is a common clinc 
situation in children and occurs due to increased pot 
resistance and/or increased portal blood flow. I 
presence of esophageal varices on endoscopy is the 
definite evidence of portal hypertension. The causes ° 
portal hypertension may be either intrahepati¢ i 
extrahepatic (prehepatic and posthepatic) (Table 124) 
The spectrum of portal hypertension in children a 
developed vs. developing world is different. In the forme" 
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Table 1 

Prehepatic Portal venous thrombosis, extrahepatic 
portal venous obstruction (cavernous 
transformation of portal veln), isolated 
splenic vein thrombosis 

intrahepatic — Liver cirrhosis (common), congenital hepatic 
fibrosis, veno-occlusive disease, noncirrhotic 
portal fibrosis, schistosomiasis, nodular | 
regenerative hyperplasia 

Posthepatic Budd-Chiari syndrome (hepatic vein or 


inferior vena cava obstruction), constrictive 
pericarditis 


intrahepatic causes of portal hypertension are most 
common whereas in India, extrahepatic portal venous 
obstruction (EHPVO) is the commonest cause (50-75%) 
followed by cirrhosis (25-35%); uncommon causes are 
congenital hepatic fibrosis, non-cirrhotic portal fibrosis 
and Budd-Chiari syndrome. Portal hypertension results 
in development of portosystemic venous channels at 
different sites giving rise to esophageal, gastric or colonic 
varices. The main pointers which help in differentiating 
portal hypertension due to cirrhosis from that due to non- 
cirrhotic causes are shown in Table 12.35. 


Clinical Features 


The age of presentation ranges from infants to adults. A 
majority of patients with EHPVO present with upper 
gastrointestinal bleeding and splenomegaly. Hematemesis 
and melena occur due to esophageal or gastric variceal 
bleeding. The bleed may be recurrent and is well tolerated 
without development of post-bleed hepatic encephalo- 
pathy. Splenomegaly alone is the presentation in 10-20% 
cases. 

Patients with portal hypertension due to cirrhosis have 
jaundice, ascites, hepatosplenomegaly and less often, 
upper gastrointestinal bleeding. In Budd-Chiari syn- 
drome, patients present with ascites and hepatomegaly. 
Tortuous prominent back veins are seen in Budd-Chiari 
syndrome with inferior vena cava block. 





Cirrhotic 
History of jaundice, edema and ascites Common 
Overt hepatic encephalopathy Common 
Stigmata of liver disease, e.g. spider angioma, May be seen 


Palmar erythema, gynecomastia, etc. 
Splenomegaly 


Synthetic function of liver (prothrombin 
time/serum albumin) 


Transaminases (SGOT/SGPT) 


Mild-moderate 
Deranged 


oo aE CON PETES I CCST eS eS 


Deranged frequently (except in burnt 


Investigations 


The diagnosis of portal hypertension is made by the 

following investigations: 

i. Ultrasound and Doppler study. The vascular anatomy 
is defined and any block in portal, splenic or hepatic 
veins can be detected, Increased size of portal vein is 
suggestive of intrahepatic portal hypertension. 
Presence of collaterals, ascites, splenomegaly and liver 
abnormalities (altered echotexture, size and space 
occupying lesions) are also seen. 

ii. Endoscopy can reveal varices in esophagus, stomach 
and congestive gastropathy. 

iii. Colonoscopy is useful in children with lower GI 
bleeding as it can show presence of rectal varices or 
colopathy. 

iv. Selective CT and MR portovenography are useful for 
delineation of vascular anatomy. 

v. Liver function tests are deranged in subjects with 
cirrhosis. Hemogram may show anemia, leukopenia 
and thrombocytopenia that suggests hypersplenism- 


Complications 


The most common complication is GI bleeding secondary 
to esophageal varices. Hypersplenism usually is not 
symptomatic. The enlarged spleen is prone to splenic 
infarcts and accidental rupture with trauma. Other 
complications like ascites and hepatic encephalopathy 
occur frequently in children with cirrhosis. 


Hepatopulmonary syndrome: The triad of chronic liver 
disease or portal hypertension, alteration of arterial 
oxygenation (defined as widened age corrected alveolar 
arterial oxygen gradient with or without arterial 
hypoxemia) and evidence of intrapulmonary vascular 
dilatations defines hepatopulmonary syndrome. Patients 
with hepatopulmonary syndrome present with dyspnea, 
platypnea (dyspnea induced in upright position and 
relieved by recumbency) and orthodeoxia (arterial deoxy- 
genation accentuated in upright position and relieved by 
recumbency). Examination shows clubbing and cyanosis. 


oe ee 


Non-cirrhotic 


Uncommon. Transient ascites may be 
seen after variceal bleed 


Not seen 
Not seen 


Mild-moderate-massive splenomegaly 
Well preserved 


Usually normal 


out liver disease) 
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Contrast echocardiography is the most sensitive test to 
demonstrate intrapulmonary shunting. The only 
established effective therapy is liver transplantation. 


Portopulmonary syndrome: This is defined as pulmonary 
arterial hypertension (pulmonary artery pressure >25 mm 
Fig) associated with severe portal hypertension. Most 
patients of portopulmonary syndrome have underlying 
cirrhosis but it can also develop in non-cirrhotic portal 
hypertension. Symptoms include dyspnea and syncope; 
echocardiography is required for diagnosis. 


Management 


This is based on two goals: (i) management of complica- 
tions like upper gastrointestinal bleeding and ascites, 
discussed elsewhere in the chapter; and (ii) definitive 
management that depends on the etiology of portal 
hypertension. The prognosis is better for children with 
EHPVO than those with cirrhosis where liver transplan- 
tation is the ultimate therapy. 


suggested Reading 


* Yachha SK. Portal hypertension in children: An Indian perspective. 
J Gastroenterol Hepatol 2002; 17:5228-31. 

¢ Sarin SK, Khanna R. Non cirrhotic portal hypertension. Clin Liv 
Dis 2014; 18:451-76. 

¢ Shneider BL, de Ville de Goyet J, Leung DH, et al.Primary 
prophylaxis of variceal bleeding in children and the role of 
MesoRex Bypass: Summary of the Baveno VI Pediatric Satellite 
Symposium. Hepatology. 2015 Sep 11. doi: 10.1002/hep.28153. 
[Epub ahead of print] 

¢ Ling SC. Advances in the evaluation and management of children 
with portal hypertension. Semin Liver Dis. 2012; 32(4):288-97. 


Extrahepatic Portal Venous Obstruction (EHPVO) 


It is the commonest cause of portal hypertension in 
children in India. It is characterized by obstruction of the 
main portal vein (PV) with or without involvement of the 
superior mesenteric vein and splenic vein and with 
variable involvement of the intrahepatic branches of the 
PV. The main PV is replaced by a cavernoma that shunts 
blood across the obstruction along with portosystemic 
collaterals. Umbilical catheterization/sepsis, pyelophlebitis, 
procoagulant disorders have been implicated as etiology. 
However, in vast majority of cases, no cause is identified. 
These children present with splenomegaly or hematemesis 
due to variceal bleed. Caput medusa is characteristically 
absent in these patients as the main PV is thrombosed. 
With improved endoscopic management, the survival of 
these children has improved and the long-term 
complications have become evident. These include poor 
growth, hypersplenism, portal hypertensive gastropathy / 
colopathy/enteropathy, rectal varices, ectopic varices, 
portal biliopathy (compression of biliary system by 
collaterals) and minimal hepatic encephalopathy due to 
shunting of blood away from the liver. Meso Rex bypass 
(shunt across the obstruction from superior mesenteric 
vein to the left branch of portal vein) can restore the portal 
flow and alleviate all complications of EHPVO. 


Budd-Chian Syndrome 

Budd-Chiari syndrome is caused by the occlusion of th 
hepatic veins and/or the suprahepa tic inferior vena digs 
Right heart failure and sinusoidal obstruction SyNdrome 
(formerly known as veno-occlusive disease) impair hepatic 
venous outflow and share features with Budd-Chiag; 
syndrome, but are grouped separately as its etiology and 
treatment is different. Budd-Chiari syndrome is considered 
primary when obstruction of the hepatic venous outflow 
tract is result of an endoluminal venous lesion (thrombosis 
or web). It is considered secondary when the obstruction 
originates from a lesion outside the venous system (tumor, 
abscess, cysts). The lesion can obstruct outflow by 
invading the lumen or by extrinsic compression. 

The majority of patients with Budd-Chiari syndrome are 
primary and present with a chronic course; only a small 
number of patients present with acute or fulminant forms, 
Acute disorder presents clinically with abdominal pain, 
ascites, hepatomegaly and rapidly progressive hepatic 
failure. The chronic form is characterized by hepatomegaly 
abdominal distension and portal hypertension. In inferior 
vena cava block, the back veins become prominent, dilated 
and tortuous with flow from below upwards (Fig. 12.29). 

Doppler ultrasound and venography contirm the 
diagnosis. Investigations should be done to look for 
presence of hypercoagulable states. Treatment is directed 
towards restoring the patency of hepatic vein/inferior 
vena cava by radiological means (angioplasty, stenting or 
transjugular intrahepatic portosystemic shunt) or surgery 
(mesoatrial shunt, mesocaval shunt). Orthotopic liver 
transplant is reserved for patients with end stage liver 
disease or fulminant failure. 





ins 
Fig. 12.29: Prominent and tortuous abdominal and flank v° 
In a child with Budd-Chiari syndrome 
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suggested Reading 


» Plessier A, Valla DC. Budd-Chiari syndrome. Semin Liver Dis 2008; 
28:259-69. 


+ Kathuria A, Srivastava A, Yachha SK et al. Budd Chiari syndrome 
in children: clinical features, percutaneous radiological intervention 
and outcome. Eur J Gastroenterol Hepatol 2014; 26:1030-8. 


AUTOIMMUNE LIVER DISEASE 


Autoimmune liver disease is characterized by hyper- 
gammaglobulinemia, presence of circulating auto- 
antibodies, necroinflammatory histology (interface 
hepatitis, portal lymphoplasmacytic cell infiltration) on 
biopsy and response to immunosuppressive agents. The 
condition is common in girls. In children, autoimmune 
liver disease consists of autoimmune hepatitis, auto- 
immune sclerosing cholangitis and de novo autoimmune 
hepatitis after liver transplantation. The following two 
types of autoimmune hepatitis are recognized: 


Type 1: Presence of antinuclear antibody and/or anti- 
smooth muscle antibody; constitutes 60-70% cases. 


Type 2: Presence of anti-liver kidney microsomal antibody 
(LKM); accounts for 20-30% cases. 


Clinical Presentation 


Children can present in one of the following ways: 

i. Acute viral hepatitis like presentation (40%) with 
malaise, nausea, vomiting and jaundice. It may 
progress to acute hepatic failure particularly in 
children with type II disease. 

ii. Insidious onset liver disease (30-40%) with progressive 


fatigue, relapsing or prolonged jaundice lasting for 
months to years. 


iii, Chronic liver disease and its complications (10-20%) 
with splenomegaly, ascites, variceal bleeding or 


hepatic encephalopathy. 
Diagnosis 


Autoimmune liver disease is a diagnosis of exclusion, 
based on the following criteria: 
i. Positive autoantibodies 
ii, Raised gammaglobulins and IgG levels 
iii. Typical histology on liver biopsy 
iv. Absence of known etiology, e.g. viral hepatitis, Wilson 
disease, drug hepatotoxicity or biliary disease 
v. Response to immunosuppression confirms the diagnosis. 


Management 


Steroids and azathioprine are the primary immuno- 
Suppressive agents while cyclosporine and mycophenolate 
mofetil are second line drugs. The endpoint of therapy is 
Normalization of transaminases and histological 
inflammatory activity with treatment. A majority of 
Patients including those with cirrhosis respond to medical 

erapy. Liver transplantation is required for patients with 


end stage liver stage who are either refractory or intolerant 
to immunosuppressive therapy. Patients presenting with 
acute liver failure need liver transplantation, as they are 
less likely to respond to medical treatment. A high index 


of suspicion and timely diagnosis of autoimmune liver 
disease is crucial. 


Suggested Reading 
* Mieli-Vergani G1, Vergani D. Pacdiatric autoimmune liver disease. 
Arch Dis Child. 2013; 98(12):1012-7,. 


* Zachou K, Muratori P, Koukoulis GK et al. Review article: 


autoimmune hepatitis-current management and challenges. 
Aliment Pharmacol Ther 2013; 38:887-913. 


CHRONIC HEPATITIS B INFECTION 


Hepatitis B virus (HBV) infection is a worldwide heath 
problem and may result in AVH, ALF, chronic hepatitis, 
cirrhosis and hepatocellular carcinoma (HCC). The 
epidemiology, natural history and evaluation for the 
infection are discussed in Chapter 11. The age at time of 
HBV infection affects the outcome, with >90% of infected 
neonates becoming chronic carriers as compared to 20- 


25% children infected in preschool age and only 5% 
adults. 


Clinical Feotures 


Chronic HBV infection is defined as persistence of HBsAg 
for >6 months. Three potentially successive phases have 
been described in the natural course of chronic HBV 
infection: 

i, Immune tolerant phase is characterized by active viral 
replication and minimal liver damage. In this phase, 
serum HBsAg and HBeAg are positive, serum HBV 
DNA levels are high (in millions), anti-HBe antibody 
is negative and serum ALT levels are normal, 


. Immune clearance phase occurs years after immune- 
tolerant phase and is characterized by effort of clearing 
the chronic HBV infection by the host. In this serum 
HBV DNA levels are reduced and ALT levels increase. 
Serum HBsAg and HBeAg are positive and anti-HBe 


is negative. The patient may become symptomatic in 
this phase with ALT flares. 


Inactive carrier phase or nonreplicative phase follows 
HBeAg seroconversion, i.e. HBeAg is negative and 
anti-HBe is positive. It is characterized by very low 
serum HBV DNA levels (<2,000 1U/mL), HBsAg 
positivity and normal ALT. It may lead to resolution 
of infection where serum HBsAg becomes undetect- 
able and anti-HBs is present. 


Most children with early acquired HBV infection 
spontaneously clear HBeAg by 15-30 years of age. 
Majority of the children with chronic HBV infection are 
asymptomatic during first two decades of life. Cirrhosis 
develops in 3-10% and hepatocellular carcinoma (HCC) 
in 14% of children with chronic HBV infection. 
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MMonogement 

The recommendations for management of children with 
chronic HBV include: (i) detailed examination and liver 
function tests; (ii) serology tests: HBeAg, anti-HBe, HBV 
DNA (quantitative by PCR). HCV RNA and HIV testing 
to rule out coinfection in high-risk groups (e.g. following 
multiple transfusions); (iii) consideration for liver biopsy 
for grading and staging of liver disease prior to initiation 
of treatment; and (iv) identifying and treating patients that 
merit therapy for hepatitis B. The ideal drug for treatment 
of chronic HBV infection in children is one that is cheap, 
safe, orally administered, given at all ages for long 
duration without any risk of viral resistance and capable 
of interrupting viral replication to undetectable levels. But 
no such drug is currently available. The drugs licensed 
for use in children include, interferon (21 year of age) and 
oral antivirals (lamivudine and entecavir 22 years, 
adefovir and tenofovir >12 years of age). 

Children in the nonreplicative phase do not require 
treatment and there is no effective therapy for patients in 
the immune-tolerant phase. Treatment is helpful for 
children in immune-clearance phase with active liver 
disease and raised transaminases as delayed loss of 
HBeAg is a risk factor for virus replication and favors 
development of cirrhosis and hepatocellular carcinoma. 
Therefore, an attempt at shortening the highly replicative 
phase by treatment is likely to be beneficial and forms the 
basis of therapy in children. 

The aim of treatment is to achieve sustained loss of HBV 
DNA, HBeAg seroconversion (HBeAg negative and anti- 
HBe positive), normal transaminases and improved liver 
histology and thereby reduced risk of cirrhosis and HCC. 
Correct patient and therapy selection is the key to successful 
management. The other aspects of managements include: 

i. Follow-up of all infected children for disease flares and 
surveillance for hepatocellular carcinoma should be 
ensured. Risk of cancer in HBV infected subjects is 
100-fold more than in HBV negative patient. Alpha- 
fetoprotein and abdominal ultrasound are used to 
screen for hepatocellular cancer. 


ii, Educating the child or adolescent regarding avoidance 
of other hepatotoxic factors, e.g. obesity, alcohol and 
intravenous drugs, is essential. 

iii. One should screen all family members of HBsAg 
positive patient for HBsAg. Vaccination of negative 
members against HBV and evaluating other HBsAg 
positive members for liver disease is required. 


Prevention of Chronic HBV Infection 


Prevention is the most effective method of successfully 
controlling HBV infection and its complications. The 
hepatitis B- vaccine is highly immunogenic with sero- 
conversion rates of >90% after three doses. Antibody titers 
(anti-HBs) of >10 mIU/mL signify a response and are 
protective. The dose in children and adolescents (aged less 
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than 18 years) is 0.5 mL (10 mg). It is given in3 doses ato 
1 and 6 months as an intramuscular injection jp * 
deltoid /anterolateral thigh. For prevention of Perinatal 
infection in HBsAg positive mother, the baby shoulq be 
given Hepatitis B immunoglobulin (HBIG) along wig, 
hepatitis B vaccine within 12 hours of birth, Using two 
separate syringes and separate sites for injection. The dose 
of HBIG is 0.5 mL IM. The other two doses of hepatitis p 
vaccine may be given at 1 and 6 months or at6and 14 Weeks 
to piggy back it with the DPT vaccination. The efficacy of 
prophylaxis with both HBIG and hepatitis B vaccine is 
90-95%. All infants born to HBsAg positive mothers 
should be tested for HBsAg and anti-HBs antibodies at 9_ 
15 months of age to identify HBV infected (HBsAg 
positive, anti-HBs antibody negative) and protected 
(HBsAg negative, anti-HBs antibody positive) children, 

Universal infant vaccination, adequate screening of 
blood products and use of sterile syringes is a must for 
controlling chronic HBV infection as prevention is always 
better and more feasible than cure especially in HBY 
infection. 


HEPATITIS C INFECTION 


HCV is an enveloped, single-stranded positive-sense RNA 
virus of the flavivirus family. Based on phylogenetic 
analysis of HCV sequences, 6 major HCV genotypes are 
recognized, designated 1 to 6, with multiple subtypes 
within each viral genotype. In India, genotype 3 is more 
prevalent. 


Epidemiology 


Worldwide prevalence of chronic HCV infection 1s 
estimated at 3%, with 150 million chronically infected 
people. Routes of transmission of HCV are similar to HBV. 
Mother-to-infant transmission of HCV is the main mode 
of transmission in children. Hepatitis C affects 4-10% of 
children bom to infected mothers, and 80% of them .levelop 
chronic infection. Children are considered infecic:|, if the 
serum HCV RNA is positive on at least two occasions. 


Clinical Presentation 


Most children with chronic hepatitis C virus infection are 
asymptomatic or have mild nonspecific symptoms, with 
persistent or intermittently elevated or even normal serum 
transaminases. Hepatomegaly may be present. Severe 
liver disease may develop 10-20 years after onset © 
infection, with a less than 2% overall risk during tne 
pediatric age group. 

The natural course of HCV infection in children! 
clearly understood, but overall advanced liver disease © 
rare during childhood. In cases with vertical transmis 
spontaneous clearance of infection may be seen by a 
7 years of age. Children with transfusion-acquired infec 
may have higher rates of spontaneous HCV clearance 
those with vertically acquired HCV infection. 
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evaluation 


piagnosis 1s made by testing for anti-HCV antibody and 
if positive, confirmed by the presence of HCV RNA. The 

resence of antibody shows that the patient has been 
exposed to the virus but does not discriminate between 
active or resolved infection. The absence of anti-HCV 
antibody usually indicates that the patient is not infected. 
The diagnosis of chronic HCV infection is made on the 
basis of persistently detectable HCV RNA for >6 months. 


Treatment 


Combination of interferon (thrice a week of standard IFN 
subcutaneously or once a week of pegylated IFN) and oral 
ribavirin (15 mg/kg maximum) daily for a period of 
24 weeks for genotype 2 and 3 and 48 weeks for genotype 
1 and 4 was the standard therapy for chronic HCV 
infection. The US FDA has recently approved combined 
pegylated-IFN-c 2b plus ribavirin for treatment in children 
>3 years of age. The addition of polyethylene glycol (PEG) 
increases the half-life of IFN, reduces its volume of 
distribution and leads to more sustained plasma levels 
with better viral suppression and allowing once weekly 
usage. In children the rate of sustained virological 
response (6 months after completion of drug treatment) 
indicating resolution of chronic infection varies from 50% 
in genotype 1 patients, to 90% in genotypes 2 or 3 patients. 
Multi-transfused thalassemic children with hepatitis C 
virus infection can also be treated with IFN and ribavirin 
with a response rate of 60-72%. However, ribavirin- 
induced hemolysis increases the transfusion requirement 
during treatment in these children. Newer oral direct 
acting antiviral agents, like sofasbuvir, have improved the 
response rates and reduced side effects of therapy in adults 
with HCV infection of all genotypes. Combination therapy 
with ledipasvir/sofusbuvir for genotype 1.4,5 and 6 and 
with sofubuvir/ribavirin for genotype 2/3 have recently 
been approved for children above 12years of age. In 
younger children the trials with DAA (direct acting 
antivirals) are ongoing. However, unless clinically 
indicated, deferring the treatment in view of availability 
of these drugs in near future in younger children is to be 
considered. 

A frequently overlooked but critical component of the 
Management of children with HCV is to provide 
information about the virus, including ways to prevent 
its spread. Adolescents, in particular, need to understand 
that alcohol accelerates progression of HCV-related liver 
disease and should abstain from its consumption. The 
importance of avoiding high-risk behavior such as sharing 
of intravenous injection needles also needs to be discussed. 


Suggested Reading 
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Treatment of Chronic Hepatitis C Virus Infection in Children: A 
Position Paper by the Hepatology Committee of European Society 
of Paediatric Gastroenterology, Hepatology and Nutrition, J 
Pediatr Gastroenterol Nutr, 2018;66(3):505-515- 


* Lee CK, Jonas MM. Hepatitis C: issues in children, Gastroenterol 
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METABOLIC LIVER DISEASE 


Metabolic diseases account for up to 15-20% of chronic 
liver disease in Indian children with Wilson disease being 
the most frequent and alpha-1-antitrypsin deficiency being 
rare. The etiology of metabolic liver diseases can be 
classified based on the primary substrate. 
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Clinical Features 


The clinical features are secondary to hepatocyte injury 
with development of cirrhosis, storage of lipids or glycogen, 
or metabolic effects secondary to hypoglycemia or 
hyperammonemia. Clinical signs and symptoms of most 
metabolic liver diseases are similar and indistinguishable 
from those seen in acquired hepatic disorders due to other 
causes. Presentations can be broadly subdivided into: 

i. Isolated unconjugated hyperbilirubinemia, e.g. Gilbert 
syndrome, Crigler-Najjar syndrome types I and II. 

ii. Conjugated hyperbilirubinemia, e.g. progressive 
familial intrahepatic cholestasis, cystic fibrosis, bile 
acid synthesis defects. 

lili. Severe liver dysfunction with ascites and coagulo- 
pathy, e.g. galactosemia, neonatal hemochromatosis, 
tyrosinemia. 

iv. Hepatomegaly, hepatosplenomegaly, e.g. glycogen 
storage disease, lysosomal storage disorders. 

v. Reye like illness, e.g, mitochondrial hepatopathies, 
urea cycle defects. 


vi. Chronic liver disease or acute liver failure, e.g. Wilson 
disease. 

The settings in which metabolic liver disease should 
be suspected include: (i) recurrent episodes of rapid 
deterioration with minor illnesses; (ii) recurrent 
unexplained encephalopathy, hypoglycemia, acidosis and 
hyperammonemia, as in mitochondrial hepatopathies, 
urea cycle defects, organic acidurias; (iii) consanguinity, 
sib deaths or positive family history, as in Wilson disease; 
(iv) specific food intolerance or aversions in childhood, 
e.g. Sugars in hereditary fructose intolerance, protein in 
urea cycle defects; (v) rickets or unusual urine odors, e.g. 
tyrosinemia; (vi) developmental delay and multisystem 
involvement, e.g. mitochondrial hepatopathies; and 
(vii) fatty liver on ultrasonography or liver biopsy. 


Diagnosis 


Apart from the high index of suspicion, investigations 
include complete blood count, arterial blood gases with 
lactate, electrolytes, glucose, ammonia; plasma and urine 
amino acids and organic acids; urine for ketones and 
sugars, Samples of urine and plasma, skin biopsy and liver 
biopsy are frozen for future evaluation. Liver biopsy 
provides information about the extent of damage and 
tissue for estimation of abnormal material (copper, iron 
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or glycogen) and enzyme assay. Confirmation of the 
diagnosis requires specific tests like enzyme assay and 
genetic mutation analysis depending on the suspected 
etiology. 


Management 


Management is two pronged; specific treatment of under- 
lying disease and therapy for liver damage. Supportive 
therapy includes measures like provision of optimal 
nutrition with vitamin supplementation, antioxidants, 
correction of hypoglycemia, coagulopathy and ascites, 
vaccination against infections like hepatitis B and 
monitoring for hepatocellular carcinoma in high-risk 
groups like tyrosinemia. Specific therapy is most 
important and should be given whenever available and 
affordable, e.g. chelation therapy for Wilson disease and 
dietary modification for galactosemia. Liver transplan- 
tation might be offered to a select group of metabolic 
liver disorders, in absence of significant multisystem 
disease. 


Wilson Disease 


Wilson disease is an inborn error of metabolism due to 
toxic accumulation of copper in liver, brain, cornea and 
other tissues. 


Clinical Presentation 


The age of presentation can vary from 4 to 60 years. 
Manifestations are more likely to be hepatic in early 
childhood and neurological in adolescents or adults. The 
spectrum of hepatic manifestations includes all forms of 
chronic or acute liver disease, i.e. asymptomatic 
hepatomegaly, chronic hepatitis, portal hypertension, 
cirrhosis, ‘viral hepatitis’ like illness and sometimes acute 
liver failure. Neurological abnormalities are varied and 
may present as clumsiness, speech difficulties, scholastic 
deterioration, behavioral problems, convulsions and 
choreoathetoid/dystonic movements. 


Investigations 


Serum ceruloplasmin is decreased (<20 mg/dL) in most 
patients. In symptomatic patients, the 24 hours urinary 
copper excretion is more than 100 pg/day. Kayser- 
Fleischer (KF) ring indicates long-standing disease and 
severe copper overload. KF rings are more common in 
children with neurological (96%) than hepatic (60%) and 
asymptomatic (10-20%) Wilson disease. Hepatic copper 
is the single best predictive marker and is considered to 
be the gold standard, with values 2250 pg/g dry weight of 
liver. Liver biopsy is required for hepatic copper 
estimation. Mutational diagnosis is difficult because of the 
occurrence of more than 200 mutations, each of which is 
rare. Mutational diagnosis is helpful in screening family 
members of an index patient homozygous for this 
mutation. 


Diagnosis 

Wilaon disease is strongly suggested by the Presence of 
any two of the following: Low ceruloplasmin, high uring ) 
copper and presence of KI’ rings. I owever, hepatic COppe 
content should be estimated if diagnosis is in doubs. Al 
alblings of patients with Wilson’s disease should he 


screened to detect presence of asymptomatic WD, 


Treatment 

Foods with high copper content like organ meats (liver) 
chocolates and nuts should be avoided. Continuous life. 
long pharmacotherapy is essential for management 
Treatment entails two aspects: (i) Indtction therapy aims 
to reduce copper to subloxic threshold. This phase usually 
takes 4 to 6 months (as indicated by urinary copper 
<500 pg /day and nonceruloplasmin copper <25 mg/dL), 
D-Penicillamine or trientine is often used as chelation 
therapy. Ammonium tetrathiomolybdate is the therapy 
of choice in neurological Wilson disease, but is not easily 
available in India. (ii) Maintenance therapy aims to maintain 
a slightly negative copper balance so as to prevent its 
accumulation and toxicity. Penicillamine and trientine 
have been used for this phase for long periods. Zinc, in 
view of its low cost and safety profile, can be used for 
maintenance therapy, especially if there are penicillamine 
side effects and in asymptomatic siblings. 


D-Penicillamine and trientine: Large urinary excretion of 
copper (2 to 5 mg/day) is observed in the initial months 
of therapy, falling to 0.1-0.5 mg/day in the maintenance 
period. Penicillamine has many adverse effects like skin 
rash, bone marrow depression, nephrotic syndrome or 
neurological deterioration. Trientine has been used as an 
alternative chelating agent especially for children 
intolerant to penicillamine. Trientine is increasing!y used 
as first line drug with good efficacy and a few side effects; 
both medications are given at a dose of 20 mg/kg/day" 
two divided doses. 


Zinc: Zinc has been used as acetate, sulfate or gluconale 
salts. Zine acts by inducing intestinal cell metallothionel, 
which binds copper to form mercaptides. The metallo- 
thionine, with copper is held in the intestinal cells until it 
is sloughed out. However, zinc is a slow-acting drug that 
takes longer time to achieve a negative copper balance 
and is, therefore, effectively used as maintenance sei 
Liver transplantation is indicated in children wit 
Wilson disease who present as acute liver failure oF ave 
decompensated cirrhosis unresponsive to medical therapy: 


Glycogen Storage Disorders 


Glycogen storage disorders are important metabo” 
disorders manifesting in childhood with varied clin 
picture ranging from asymptomatic hepatomegaly qend- 
VI) to hypoglycemia (type J, Ill) and decompensate 
stage liver disease (type IV) (see Chapter 24)- 
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pe I glycogen storage disease (von Gierke disease): 
Inability to convert glucose-6-phosphate to glucose in the 
jiver results in inability to mobilize glycogen. Depending 
on whether this is due to glucose-6-phosphatase deficiency 
or translocase deficiency, it is classified as type 1A or 1B. 

Hepatomegaly, doll-like facies (Fig. 12.30), hypo- 

lycemia, seizures, growth retardation, hyperuricemia, 
hypertriglyceridemia and lactic acidosis are main 
manifestations. Hypoglycemia is more marked after first 
few months of life as the frequency of feeding decreases. 
Liver adenoma might develop with risk of bleeding and 
malignant transformation. 

Hepatomegaly and nephromegaly is appreciated on 
imaging. Platelet dysfunction may be present. Neutropenia 
is specific to type 1B. There is mild transaminase elevation. 
Liver biopsy shows hepatocytes with vacuolated cytoplasm 
and glycogen accumulation (PAS stain positive, diastase 
sensitive) along with microvesicular steatosis; fibrosis is 
absent. Definite diagnosis depends on measuring enzyme 
activity in the liver or mutational analysis. 

Management hinges on providing a constant source of 
glucose in the form of slowly digested complex carbo- 
hydrates. This is achieved by frequent daytime feeding, 
supplementation of uncooked corn starch both in day and 
specifically at night. As the child grows into adolescence, 
longer periods of fasting may be tolerated. Since the 
metabolism of other carbohydrates also yield glucose-6- 
phosphate, galactose and fructose also need to be 
restricted. Strict metabolic control with dietary therapy is 
the key to avoiding complications. 


Type III glycogen storage disorder: There is a deficiency 
of debranching enzyme manifesting as hepatospleno- 
megaly, hypoglycemia, fibrosis in the liver and elevation 






. ks in a child with 
Fg. 12.30: Classical facies with chubby chee 


Cogen storage disease 


in transaminases. While hypoglycemia and hepatospleno- 
megaly improve, 80-85% develop a myopathy in type II a 
disease while the other 15% (type III b) have only liver 
involvement. These cases are managed with diet similar 
to that in type I GSD, except that a high protein diet is 


preferred and there is no need to restrict galactose and 
fructose. 


Type IV glycogen storage disorder: In type IV GSD there 
is a deficiency of branching enzyme resulting in deposition 
of an amylopectin like structure in the liver. The presen- 
tation is with chronic liver disease, portal hypertension 
and hepatic decompensation. Most children are 
symptomatic by 3 years of age. Treatment is largely 
supportive and liver transplantation is required for 
patients with advanced disease. 


Suggested Reading 
e Clayton P. Inborm errors presenting with liver dysfunction. Semin 
Neonatol 2002; 7:49-63. 


¢ Mayatepek E, Hoffmann B, Meissner T. Inborn errors of 


carbohydrate metabolism. Best Pract Res Clin Gastroenterol 2010; 
24:607-18. 


¢ Mazariegos G, Shneider B, Burton B, et al. Liver transplantation 
for pediatric metabolic disease. Mol Genet Metab 2014;111:418-27. 


Nonalcoholic Fatty Liver Disease (NAFLD) 


This is a common cause of liver disease in children and is 
closely associated with obesity and insulin resistance. The 
prevalence is increasing with the expanding prevalence 
of childhood obesity. NAFLD is a clinicopathological 
diagnosis characterized by macrovesicular steatosis in 
hepatocytes, in absence of other causes of chronic liver 
disease. It ranges from simple steatosis (macrovesicular 
steatosis in hepatocytes without inflammation) to non- 
alcoholic steatohepatitis (NASH, macrovesicular steatosis 
in hepatocytes associated with inflammation and fibrosis) 
to cirrhosis of liver and hepatocellular carcinoma. Insulin 
resistance and hyperinsulinemia is regarded as essential 
to the disease mechanism. Hyperinsulinemia is a response 
to energy dense diet (rich in saturated fats, sugars and 
refined carbohydrates). This diet elicits hyperinsulinemia, 


provides exogenous free fatty acids and drives the liver 
towards lipogenesis. 


Clinical presentation: Most children are asymptomatic. 
Some have vague abdominal pain; examination shows 
generalized obesity, cutaneous striae and hepatomegaly. 
Splenomegaly is uncommon. Acanthosis nigricans, a 
velvety brown-to-black pigment in skin folds and axillae, 
typically associated with hyperinsulinemia can be found 
in 30-50% patients. 


Investigations: Typical biochemical abnormalities in 
NASH include moderately raised serum amino- 
transferases (with ALT more raised than AST). Metabolic 
abnormalities include hypertriglyceridemia, elevated 
fasting serum insulin and hyperglycemia. Other disorders, 
which may cause fatty liver can be eliminated on basis of 
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iy: : a eee » may lead to hepatome 
clinical and biochemical findings. \ diarnosis ss ritht heart failure Raly 
i dings. The diagnosis of — Chronic rig ae 1K D eriods result in cay 


NAFLD is suspected when there is raised serum ALT or splenomegaly and av «reed beravndcan diag 
evidence of fatty liver on radiological studies. Liver cirrhosis. Alagille syndrome, cals re re tile ae 

histology is required for diagnosis of NASH, of intralobular bile ducts results in . antile : Olestasis 
My eee patients also show peripheral pulmonary stenosis 
Treatment: The first step in treating NAFLD is to identify tetralory af Eallot and atrial or ventricular septal defects 
it. Besides height and weight, waist circumference ne Malines atresia, splenic malformation syndrome 
provides highly informative data and is a surrogate for 1 there may be vascular malformations ang 
visceral obesity, The treatment has two goals—to reverse same 
liver disease and to promote healthy growth, Lifestyle 
changes aimed at weight reduction are essential. Dietary Sensis and Systeme Infections 
changes and increased physical activity lead to diminished 
insulin resistance and are the main stay of therapy. 
Vitamin E has been shown to be safe and effective in 
improving NASH histology in children and its use is 
recommended. Other medications like orlistat, metformin, Me eeE itl ; 
UDCA and thiozolidinediones require more data to prove transporter polarization mn hepatocytes without hepatic 
efficacy. The role of bariatric surgery has not been Necrosis to elevated bilirubin bap, Sues 0 nemolyals a 
established for childhood obesity. Prevention of over- Clostridium infections and hep aipeclaiar netrasis ip 
weight and obesity in children is the best strategy to PReuMococcal infections. Typhoid might res tirelevated 


congenital heart disease. 


Gram-positive and gram-negative bacterial infections may 
result in jaundice, Up to one-third of neonatal Jaundice 
has been attributed to sepsis. The mechanism may vary 
from impaired canalicular bile transport due to defective 


overcome the problem of NAFLD. alkaline phosphatase, transaminases and lactate 
dehydrogenase, Transaminase elevation and liver dys- 
Suggested Reading function is also present in dengue hemorrhagic fever and 


¢ Barshop NJ, Sirlin CB, Schwimmer JB, Lavine JE. Review article: malaria, 
epidemiology, pathogenesis and potential treatments of pediatric 
non alcoholic fatty liver disease, Aliment Pharmacol Ther 2008; Immunological Disorders 
25:13-24. Tare : ros , , 

* Mann JP, Goonetilleke R, McKiernan P. Pediatricnan-alcoholic fatty Juvenile idiopathic arthritis may be associated with 
liver disease: a practical overview for non specialist. Arch Dis Child hepatomegaly and elevated transaminases. Systemic 
2015; 100:673-7. lupus erythematosus may be associated with hepato- 

* Mitchel EB, Lavine JE. Review article: the management of pediatric — megaly or autoimmune hepatitis. Transplacental transfer 
non-alcoholic liver disease. Aliment Pharmacol Ther 2014; 40: of autoantibodies might lead to neonatal SLE with 

155-70. , ; oS 
1155-70 transient cholestasis, congenital heart block, dermatitis 

’ and hematological abnormaliti 

Hepatic Manifestations of Systemic Diseases Bren alities. 

Apart from disorders that directly involve the liver,a |= Hemolytic Anemias 

number of disorders affecting other organ systems also 

have hepatic manifestations. While, in some disorders, 
these manifestations may be benign, in others the hepatic 
manifestations might significantly affect the outcome. 


In thalassemia, the repeated transfusions and the increased 
iron absorption due to ineffective erythropoiesis !cads to 
chronic iron overload, fibrosis and cirrhosis. Recurrent 
sneha increase the risk of acquiring hepatitis B and 
. epatitis C infections. Sickle cell anemia has a similar risk 
Ischemic Hepatitis of transfusion related hepatitis but more specific problems 
Severe shock may lead to hypoperfusion of the liver. This are acute hepatic crisis which is a result of ischemic 
shock may be the result of sepsis, acute cardiogenic shock _ insult. These individuals are also at higher risk of pigment 
or severe intraoperative hypoperfusion as in cardiac __ stones resulting in acute and chronic cholecystitis. These 
surgery. It usually manifests as an elevation of trans- episodes may be difficult to differentiate from acute 
aminases to high levels. The degree of hepatic injury _ hepatic crisis. 

depends on the duration and severity of shock. Thus, 

coagulopathy as evidenced by prolonged prothrombin = Malignancies 

time and encephalopathy may result. Jaundice is a late 
manifestation. 





Leukemias and lymphomas might be associated with 
hepatic che seine presenting as jaundice. Hemophag™ 
cytic lymphohistiocytosis, either familj infection 
Cardiac Disorders induced, presents with fever, Felinea, henasongiet™ 
Apart from an acute cardiogenic shock or intraoperative = megaly, liver dysfunction and cytopenia. It is an importa” 
hypoperfusion in cardiac surgery, liverinvolvementmay differential diagnosis for liver failure in the first few 
be seen as a result of congestion in right heart failure oras = months of life. Sclerosing cholangitis may be a complica 
part of syndromes that involve both the liver and the heart. _ tion of Langerhans cell histiocytosis, 
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gone Marrow Transplant 


Conditioning chemotherapy and total body irradiation 
may lead to veno-occlusive disease manifesting as weight 

ain, hepatomegaly , ascites and jaundice. Other causes of 
iver dysfunction after bone marrow transplant include 


graft versus host disease (acute or chronic), sepsis, 
infections hepatitis and drug toxicity. 


endocrine Disorders 


Uncontrolled diabetes mellitus presents with hepa tomegaly 
and fatty changes. Hypothyroidism manifests as jaundice 
in the neonatal period predominantly due to im paired 
conjugation of bilirubin and partly due to decreased bile flow. 


Cellac Disease 


Elevated transaminases may be observed, which 
normalize with gluten-free diet in the majority. Persistent 
rise of transaminases should lead to evaluation for co- 
existing autoimmune liver disease, 


NEONATAL CHOLESTASIS 


Jaundice is common in neonates as physiological jaundice 
is found in a majority. This jaundice usually resolves by 
two weeks of age. Also, most pathological causes of 
unconjugated jaundice are detected and treated by two 
weeks of age. Though breast milk jaundice can be a cause 
of unconjugated hyperbilirubinemia beyond two weeks 
of age, cholestatic jaundice is an important and potentially 
serious condition that needs evaluation and early 
treatment. Conjugated hyperbilirubinemia is defined as 
direct bilirubin value greater than 1 mg/dL if the total 
bilirubin is less than 5 mg/dL, or a value of direct bilirubin 
that represents more than 20% of the total bilirubin, if the 
total bilirubin is >5 mg/dL. Conjugated hyperbilirubinemia 
presents with high colored urine staining the diapers 
unlike unconjugated hyperbilirubinemia. All newborns 
having jaundice beyond 14 days of age with dark-colored 
urine with or without acholic stools should be referred to 
tertiary health facilities for further investigations and 
treatment without loss of time after a dose of vitamin K 
injection. The need for time bound early evaluation and 
treatment is manifold as mortality and poor outcomes are 
common in children with metabolic liver diseases and 

iliary atresia respectively when the referral is delayed. 

ften, valuable time is lost by work-up in less equipped 
Primary health centres. 


Clinical Features 


Neonatal cholestasis is characterized by high colored urine 
along with jaundice, Jaundice is seldom noticed by the 
Parents in the eyes as the sclera is not easily visualized in 

€m. Referral of children with biliary atresia 1s often 

flayed as they are healthy looking and galing weight, 
ure to thrive is common in children with metabolic 
t diseases. Stool color is best assessed by looking at 
€ core of the stools as otherwise pale stools covered by 


live 


bile pigment-stained intestinal epithelial cells may be 
mistaken for pigmented ttools. The presence of pale stools 
docs not necessarily reflect an extrahepatic or obstructive 
cause as many metabolic Jiver diseases with significant 
liver dysfunction present with pale stools. Also 
intrahepatic diseases with severe paucity of bile ductules 
or significant canalicular transporter dysfunction may 
present with pale stools. However, presence of persistently 
pigmented yellow stals is not «en in biliary atresia. A 
subset of patients precent vith signs of coagulopathy like 
skin or intracranial bleeds (seizures, irritability and 
bulging fontanel). Hepatomegaly or hepatosplenomegaly 
is common. Early decompensation is a feature in patients 
with an underlying metabolic disorder. In a sick infant, 
one should consider the diagnosis of galactosemia, 
tyrosinemia, hemochromatosis, herpes and sepsis. Patients 
with biliary atresia and choledochal] cyst are otherwise 
healthy looking. Bilateral] cataract and E. coli sepsis is 
typical of galactosemia, vs-hereas rash (maculopapular or 
petechial), fever, chorioretinitis, microcephaly and 
lethargy are suggestive of congenital infections. Tnangular 
facies, pointed chin, prominent ears, cardiac murmurs and 
butterfly vertebrae are seen in Alagille syndrome. 
Splenohepatomegaly with cherry-red spot on fundus 
examination suggests storage disorder. 


Diagnosis 


Neonatal cholestasis has a multifactorial etiology 
(Table 12.36). The etiological spectrum in referral western 
centres is as follows—biliary atresia (25%), PFIC, Alagille 
syndrome and bile acid synthetic disorders (25%), 
metabolic (20%), idiopathic neonatal hepatitis (INH, 15%°), 
alpha-1-antitrypsin deficiency (10°65), and viral (5°»). This 
data is relevant as the proportion of cases with INH 
reduces when all necessary investigations especially 
metabolic tests are done. Also, it warrants mention that 
this is a western data and that alpha-1-antitrypsin is not 
as prevalent in India as in European countries. Liver 
dysfunction, general condition and stool color are 
important features in the differential diagnosis. These 
infants need a detailed investigative workup based on a 
rational approach so as to avoid unnecessary and costly 
investigations. The etiology and algorithm of evaluation 
is different in a ‘sick’ and ‘not sick’ infant with cholestasis 
as shown in the flowchart (Fig. 12.31). This approach 
avoids a battery approach to investigations. 


In a non-sick infant with pale stools, the main objective 
is to quickly establish the diagnosis or rule out biliary 
atresia. Liver biopsy is an accurate (90-95%) test for 
differentiating biliary atresia from other causes of neonatal 
cholestasis. In biliary atresia, portal tract expansion, 
ductular proliferation and fibrosis is seen, whereas in 
neonatal hepatitis, there is alteration in lobular 
architecture, focal hepatocellular necrosis and giant cells 
formation. Priming with UDCA or phenobarbitone for 3 
days before HIDA scan improves the diagnostic efficacy 
of HIDA. HIDA is more relevant for its negative predictive 
value (100%) as the presence of excretion into gut rules 
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ee i a Table 12.36: Causes of neonatal cholestasis 
Extrahenatic disorders Intrahepatic disorders 
Biliary atresia* Metabolic: Galactosemia*, tyrosinemia", we 
Choledochal cyst" Progressive familial intrahepatic cholestasis (PFIC 1 and 2)*, Niemann-Pick type ¢ 
inspissated bile duct syndrome* disease, mitochondrial hepatopathy and fatty acid oxidation defects", bile acid synthet 
Spontaneous perforation of bile duct defect, Zellweger syndrome, 
Wolman disease, cystic fibrosis, alpha-1 -antitrypsin deficiency, hereditary fructose 
intolerance 


Infection: Sepsis*, urinary tract infection", TORCH 
Idiopathic: Neonatal hepatitis * 
Genetic: Alagille syndrome*, Down syndrome, Trisomy E 
Endocrine: Hypopituitarism, hypothyroidism 
Anatomic: Congenital hepatic fibrosis, Caroli disease 
Others: Neonatal hemachromatosis, total parenteral nutrition related, multifactoria| 
cholestasis of prematurity” 
"Common causes 





_ Jaundice >2 weeks of life — 
High colored urine 


Direct bilirubin >20% of total bilirubin 
Neonatal cholestasis 


Injection vitamin K 


Sick (lethargic, ascites, encephalopathy, coagulopathy, hypoglycemia, 





seizures, edema), failure to thrive 


Yes No 


Possibilities as Pale stools, to be seen by physician 


Galactosemia, tyrosinemia, 
neonatal hemochromatosis 
Sepsis, urinary tract infection 





Congenital intrauterine infections Yes 

Herpes infection, congenital malaria ad A 

Hemophagocytic lymphohistiocytosis POSsiONeR, Possibilities 

Hypopituitarism Progressive familial intrahepatic cholestasis Biliary atresia 
Paucity of intrahepatic bile ducts Choledochal cyst 
Cystic fibrosis Inspissated bile duct syndrome 
Bile acid synthetic defects Caroli disease 
Alpha-1-antitrypsin deficiency Sclerosing cholangitis 


Workup as per likely cause Wolman's disease, Niemann-Pick type C = 


Idiopathic neonatal hepatitis 





Ultrasound abdomen 
Choledochal cyst 

Biliary atresia 

Intrahepatic biliary radical dilatation 












Serum gamma-glutamyl transpeptidase 
Liver biopsy 


Further workup as per likely cause 





Surgery for: | 
Choledochal cyst 
Biliary atresia 


| Supportive therapy for cholestasis 
Specific therapy as per cause 





Fig. 12.31: Evaluation of a patient with neonatal cholestasis 
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out biliary atresia. However, a non-excretory pattern, i.e. 
no activity in intestine at 24 hours in HIDA scan can be 
seen in both biliary atresia and severe intrahepatic chole- 
stasis. Thus, the absence of excretion does not necessarily 
mean biliary atresia. Laparotomy and peroperative 
cholangiogr aphy (POC) may be required in an infant with 
equivocal biopsy, findings and no excretion on HIDA scan, 
to evaluate for biliary atresia. In experienced centres, with 
fast reporting of liver biopsy the histology report is 
available much before HIDA reports and helps in avoiding 
a negative laporatomy (patent biliary pathway on POC). 

Ultrasound of abdomen is more relevant in determining 
the presence of dilated CBD/intrahepatic biliary radicle 
dilatation (seen in choledochal cyst), cysts at the porta 
(seen in cystic variants of biliary atresia and choledochal 
cyst), muliple intrahepatic cysts communicating with 
biliary tree (Caroli’s disease), hemangioma (relevant for 
liver biopsy) and looking for situs inversus (seen in some 
cases Of biliary atresia—relevant for liver biopsy). Even 
though an absent gallbladder, poorly contractile gall- 
bladder, small gallbladder and triangular cord sign 
(echogenic density of 23 mm located immediately cranial 
to the portal vein bifurcation) are finding associated with 
biliary atresia, the condition should not be ruled out or 
diagnosed on the basis of an ultrasound alone. Dilatation 
of intrahepatic biliary radical is not seen in biliary atresia 
as it is a pan ductular disease. 


In an infant with frankly pigmented stools, intrahepatic 
causes need to be considered. There is no utility of HIDA 
in this situation as it will definitely be excretory. 

Liver biopsy (light microscopy and immunohisto- 
chemistry) is useful in making a specific diagnosis but is 
not of much use in most situations where a metabolic cause 
is suspected. A detailed metabolic workup is required for 
infants with conditions like progressive familial intra- 
hepatic cholestasis types I and II, tyrosinemia, mito- 
chondrial cytopathies and bile acid synthesis defects, etc. 


Management 


Delayed diagnosis leads to problems of undernutrition, 
coagulopathy, pruritus (older infants), portal hyper- 


im 

Drug Dose 

Vitamin K 2-5 mg IM, repeated monthly 
Oral: 2.5—5 mg alternate day 

Vitamin D Vitamin D3: Oral 1000-2000 IU/day 
or 30000 !U q monthly 

Vitamin & Aquasol E: 50-400 !U/day 

Vitamin A Aquasol A: 2500-5000 IU/day 


Injectable 30,000 |U/IM at diagnosis and 





tension, ascites and hepatic encephalopathy. The 
management is begun as soon as the child is seen, parallel 
to investigations. 


Gencral management: This includes the following: 


i. Nutritional. Adequate caloric intake (125-150% of RDA 
based on ideal body weight) with medium chain 
triglyceride supplementation is necessary. Breast- 
feeding should be continued and supplementation 
with high MCT formulae should be done; 2-3% calories 
should come from long chain triglycerides to prevent 
deficiency of essential fatty acids. Nasogastric feed 
is offered to anorexic infants. Supplementation of 
fat-soluble and water-soluble vitamins is done 
(Table 12.37). In addition, these infants require 
supplements of calcium, phosphorus and magnesium 
and correction of anemia. 

. For infants with pruritus, urodeoxycholic acid (UDCA, 
10-20 mg/kg/day), rifampicin (5-10 mg/kg/day) and 
cholestyramine (250 mg/kg/day, max 8 g/day) are 
used. UDCA is the first agent and others are used in 
patients with persistent symptoms. 

iii. Management of other complications like ascites, 
gastrointestinal bleeding and hepatic encephalopathy 
is discussed in respective sections in the chapter. 

Specific management: This is available only for some 

etiologies as follows: 

i. Biliary atresia is managed by Kasai procedure (hepato- 
portoenterostomy). The best results are obtained, if it 
is done early (<60 days of age) and at centers with 
expertise, Liver transplantation is indicated in children 
who fail to drain bile after Kasai procedure or have 
progressed to end stage cirrhosis either despite surgical 
treatment or due to late diagnosis. 

ii. Choledochal cyst: Excision of cystand hepaticojejunostomy. 

lil. Herpes simplex: Intravenous acyclovir 

iv. Bacterial sepsis: Intravenous antibiotics 


v. Toxoplasmosis: Pyrimethamine and sulfadiazine with 
folinic acid 


vi. Galactosemia: Lactose free diet 


vii. Hemochromatosis: IV immunoglobulins (IVIG) with 
exchange transfusion may be useful 


a 
| ale 





Table 12.37: Multivitamin supplements for cholestasis 


Side effects 


Overdose may lead to hemolysis 
Monitor for hypercalcemia, nephrocalcinosis 


Pseudotumor cerebri, hepatotoxicity, hypercalcemia 
Pseudotumor cerebri, bone pains 


10,000 IU/IM monthly till cholestasis resolves 


Water-soluble vitamins Twice the RDA 


IM: Intramuscular; RDA: Recommended daily allowance. 


None 


Ses are provided as a recommended guide and need to be adjusted as per clinical scenario, response and vitamin levels. 
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There is considerable delay in referral of patients with a split graft (left Jater al gr aft or left Jobe) from a livin 
neonatal cholestasis to higher centers in India. This results — donor. Auxiliary liver transplantation is another prey, A 
in delayed etiologic diagnosis, missed opportunity for — where native liver bs not sear ee a liver pragy Ege, 
corrective biliary atresia surgery in first 60 days and liver — the donor Js surgically placed In addition to the nati, 
decompensation in patients with metabolicetiology. Thus liver. This is usually done for Crigher-Najjar type § or A ity 
all efforts should be targeted towards early identification —_‘Iiver failure, 


of neonates with conjugated hyperbilirubinemia and their The main indications for liver tr ansplantation Aare hilar. 

referral to centres with expertise. atresia, fulminant hepatic failure and chronic liver dis 
secondary to multiple causes and hepatic tumors, Cary 

Suggested Reading selection of a blood group compatible donor js Micspary 


e Guideline for the evaluation of cholestatic jaundice In infants; including detailed sine af ares sD ams yjrz) 
Recommendations of the North American Society for Pedsatrie scrologies. Phe recipient's ¢ \ECAPAL IVE J remncrred arg 
Gastroenterology, Hepatology and Nutrition, J Pedfatr thenewliveris transplanted, ensuring vascular and biliary 
Gastroenterol Nutr 2004; 39:115-28. anastomosis, Patients require lifelong imrnuns, 

* Roberts EA. Neonatal hepatitis syndrome. Semin Neonato] 2003; suppression using corticosteroids, tacrolimus and 
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Hematological Disorders 


Hematopoiesis 


The hemangioblast is the stem cell from which endothelial 
and hematopoietic cells develop. Stem cells that give rise 
to only blood cells are called hematopoietic stem cells. 
They give rise to two colony-forming units (CFU), one is 
the common myeloid precursor: Granulocytes, erythro- 
cytes, monocytes and megakaryocytes, also termed CFU- 
GEMM. The second is the common lymphoid precursor, 
dedicated to the production of lymphocytes and called 
CFU-L. The CFU-GEMM gives rise to two progenitors, 
specific for both the erythrocyte and the megakaryocyte 
(CFU-EMk), and another for granulocytes and monocytes 
(CFU-GMo). Each of these develops into specific lineages, 
the CFU-GMo gives rise to four lineage-specific CFUs, 
three dedicated to each of the granulocyte lineages (CFU- 
Eo for eosinophils, CFU-N for neutrophils and CFU-Baso 
for basophils) and CFU-Mo that is specific for monocytes. 
The CFU-L gives rise directly to three lymphoid cells: B 
lymphocytes, T lymphocytes and natural killer cells. This 
complex and sequential development of hematopoietic 
cells is driven and regulated by local growth factors and 
cytokines. 


Snir-- wes . 
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ANEMIA 


Anemia is a sign, it is important to investigate the cause 
of anemia to ensure that it is not due to a serious 
underlying ailment and to define the correct management 
approach. 


Definition 


Anemia is present when the hemoglobin level in the blood 
is two standard deviations below the mean for the 
particular age and sex (Tables 13.1, 13.2). The physiologic 
definition of anemia is a condition in which tissue hypoxia 
occurs due to inadequate oxygen carrying capacity of 
blood. According to the National Family Health Survey 
(NFHS-+4) data, the incidence of anemia in urban children 
is 55.9%, rural is 59.4% and overall is 58.4%. 


Physiological Adaptations 


Anemia leads to decreased oxygen-carrying capacity of 
the blood and compensatory physiological adjustments. 
Tissue hypoxia develops when the enhanced release of 
oxygen from hemoglobin and increase of blood flow to 


ie : - Table 13.1: Hemoglobin and hematocnit in infancy and childhood 


Hemoglobin (g/dL) 


Hematocrit (%) 





Age Mean 


-2 SD Mean —2 SD 
Birth (cord blood) 16.5 19-5 51 42 
1-3 days (capillary) 18.5 14.5 56 45 
1 week 17.5 13.5 54 42 
2 Weeks 16.5 12.5 51 39 
1 month 14.0 10.0 43 31 
2 months 11.5 9.0 35 28 
3-6 months 11.5 a5 35 29 
05-2 years 12.0 10.5 36 33 
26 years 12.5 11.5 37 34 
6-12 years 13.5 11.5 40 35 
Gits 12-18 years 14.0 12.0 41 36 
“SYS 12-18 years 14.5 13.0 43 37 


two standard deviations below the mean (-2 SD) indicate the lower limit of normal 
329 
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Table 13.2: Cutotfs for hemoglobin and hematocrit proposed © 4 Approach to Diagnosis | 
by the World Health Organization to define anemia The history may give clues for the etiology of anemia. There 
Age group Hemoglobin (g/dL) Hematocrit % may be obstetric history of maternal infections, anemia Or 


Children, GmotoS years <11,0 <33 collagen vascular diseases, or preserice of prematurity, 
blood loss, jaundice [secondary to ABO or Rh incompatibility 


Children, 5-11 years <11, <34 aaa L 
Children Saal years <12 5 a glucose-6-phosphate dehydrogenase (G6PD) deficiency 

; and sepsis], hemangioma or cephalhematoma. History jg 
Non-pregnant women <12.0 <36 taken regarding the diet, type and quantity of milk, time of 
wien <19.0 <39 weaning and intake of vitamins and hematinics. Nutritiona] 
Source: WHO 1997 iron deficiency anemia often occurs between 6 months ang 


3 . ah, 2 years due to inadequate weaning, chronic diarrhea or cow 
the tissues is insufficient to meet requirements. The milk allergy. Adolescent growth spurt, menstruating and 
maintenance of blood volume occurs by an increase in the regnant teens are at risk for iron deficiency. A vegetarian 
volume of plasma and redistribution of blood flow. Neck iad use of goat milk may result in megaloblastic 
Cardiac output increases in anemia as a consequence Of — anemia. History of pica, drug intake, chronic diarrhea, prior 
increased stroke volume, this high output state increases surgery, acute and prolonged infections, liver and renal 
oxygen delivery to tissues by increasing the flow of blood. disease, transfusions and age of onset of symptoms should 
Diversion of blood flow occurs from tissues with lesser be taken. Thalassemia major usually presents at 46 months 
oxygen requirements to those with greater needs. Thus of age, and 70% present with symptoms by one-year. 
skin blood flow is reduced, while cerebral and muscle Diamond-Blackfan (pure red cell) anemia, usually presents 


blood flow are increased. at 3-month or earlier and shows a consistently low 
reticulocyte count and absence of erythroid precursors in 
Clinical Features the marrow. Fanconi anemia has a variable and later onset, 


with children presenting at 3-4 years of age or even in 
adulthood. A family history of anemia, gallstones and 
requirement for blood transfusions may suggest the 
diagnosis of chronic hemolytic anemia, including hereditary 
spherocytosis or G6PD deficiency. 

Examination is done for clues to the cause of anemia, 
e.g. radial limb anomalies (bone marrow failure), 
splenomegaly (hemolytic anemia, infection, storage 
diseases), and lymphadenopathy and hepatosplenomegaly 
(malignancies, malaria, tuberculosis). Petechia, purpura, 
icterus and bossing also help to diagnose the cause. 


The hemoglobin level at which symptoms of anemia 
develop depends on two factors, the rate of development 
of anemia and state of the cardiovascular system. In 
general, symptoms occur at a higher hemoglobin level 
with rapidly developing anemia, e.g. due to acute 
hemorrhage. 

Tiredness, lassitude, easy fatigability and generalized 
muscular weakness are most frequent and the earliest 
symptoms of anemia. This presents as poor feeding, 
irritability and inadequate school performance; pallor is 
the most prominent and characteristic sign. Pallor of nail 
beds, oral mucous membranes and conjunctivae are _ Laboratory Investigation 


reliable indicators of anemia. Dyspnea on exertion, },;. important to know the age and detailed history of the 
tachycardia and palpitation are common symptoms. ag this information ‘will de. hanettiar te Phe 
Hemic murmurs become prominent with severity of 4007, ery investiaat BIO VEE CRRCHE 
gation. The complete hemogram will 
anemia. These are midsystolic flow murmurs, reflecting 4. al, if there is isolated anemia ox if'cthay call nes af 
increased velocity of blood passing through the valves. affected. The red cell indices sli es of ORIEX ae aaeal 
They are heard in the pulmonary area, but canbe heard anemia: while the mean cor Peas cee gee 
in areas corresponding to any of the heart valves. Systolic — qanotes the size of ties Gand Bits Be pas Se maul 
bruits, postural hypotension and congestive heart failure — hemoglobin (MCH) and mean co SaaS) > oth “ 
may be seen in patients with moderate to severe anemia. content (MCHC) provide tafienierice sa ged el 
Nervous system symptoms include dizziness, headache, hemoglobinization (Table 13.3), Using the MCV, anemias 
humming in ears, fainting, tinnitus, lack of concentration can be classified into microcytic/normocytic 7macrocytic 
and drowsiness; with severe anemia, clouding of anemia (Figs 13.1-13.3). Abnormal red cell doe oe can exist 
consciousness may occur. in subjects even when the underlying disorder is not 
Severe anemia is characterized by a high output state —_ sufficiently severe to cause anemia. In thalassemia mino™ 
with elevated pulse pressure and a ‘collapsing’ character. _ or iron deficiency, the MCV, MCH and MCHC are low 
Electrocardiographic changes may be found in approxi- —_ and in megaloblastosis, the MCV is elevated, The red cell 
mately 30% of patients with hemoglobin of less than _—_ distribution width (RDW) gives the size difference in the 
6 g/dL. Findings on ECG are normal QRS waves, red blood cells, low RDW means all the red blood cells 
depression of the ST segments, and flattening orinversion —_are small and uniform in size, while a large RDW shows 
of T waves. that the cells vary in size greatly. Examination of the 
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Table 13.9: Red call indioes and serum iron studies In normal children | | 


Red cell indices Birth = 0,6-2 yr = O=12 yr Gilrl6, 1218 yr Boys, 12-18 yr 
Mean corpuscular volume (fl) 100 76) 0 00) Af 
alean corpuscular hemoglobin (pg) gd oO” ag a0) uw) 
Mean corpuscular hemoglobin concentration (g/dL) 33 93 a4 34 a4 
‘ped cell distribution width (ROW)* 12.8 :1,2% 
Serum tron | 60-170 jig/dL. (10-30 pmol/L) 
Serum ferritin, median (range) 100 (16-300) ng/mL. (boys); 40 (16-200) ng/ml. (girls) 
Total iron binding capacity 


250-400 g/dl. (47~70 jmol/L) 
Transferrin Saturation** 20-50% 


*ROW = standard deviation (SD) of red blood cell volume x 100/mean corpuscular volume, 
“Transferrin saturation = Serum Iron x 100/total Iron binding capacity 


| Perlphoral smear; reticulocyte count; Iron studios | 


Normal or reduced Increased reticulocyte Count; 
reticulocyte count abnormal rad call morphology 






_ Low serum iron Normal or Incroased sorum Iron | Homoglobin HPLC or electrophoresis 
— Lawferritin “s 
i, Normal or low total Iron 
Increased total Iron binding capacity and forritin 

binding capacity | 
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Homoglobin Hemoglobinopathy 
olectrophorosis or HPLC hemoglobin S&, 
— . &-C, &-(} thalassemia 
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lron deficiency 
Abnormal Normal 


| Hemoglobinopathies, 
o.g. thalassemia 
p major, i) minor, 0 


| Erythrocyte sedimentation rate 


C-reactive protein 


| Low serum Iron 
/Normal or high ferritin 
__Normal or low TIBC — 


| Sideroblastic anomla | | 











Elevated Normal 
Inflammatory Anemia of 
disease chronic disease 
Fig. 13.1: Approach to microcytic anemia, HPLC high performance liquid chromatography 1} 
Peripheral smear will reveal the red cell morphology, Table 13.4: Reticulocyte count in evaluation of anemia _ 





Presence of schistocytes, polychromasia, specific red cell —_ Low reticulocyte count 

morphology or parasites may help in making the Congenital or acquired, aplastic or hypoplastic anemia 
iagnosis. The reticulocyte count helps to determine if Transient eythroblastopenia of childhood 

anemia is caused by red cell destruction or decreased — Pure red cell aplasia _ 

Production, the corrected or absolute reticulocyte count Parvovirus B19 infection 

is more useful (Table 13.4). When nutritional anemias are Bone marrow infiltration by malignancy, storage disorder 

Suspected, iron status vitamin B,, and folic acid levels High reticulocyte count 

, , ‘ ‘ 

are determined. The reticulocyte count 1s decreased in Hemolysis: Autoimmune hemolytic anemia, hereditary 
One marrow failure syndromes, transient erythro- spherocytosis 
lastopenia of infancy and infections, e.g. PaTVOVITUS. In Si elit ; 

Cases of anemia with increased reticulocyte count, a plenic sequestration as +s 
Oombs test will help to identify, if this is due to immune Recovery from vitamin B,,, folic acid or iron deficiency 


Sepsis 
Or hereditary hemolytic anemia. , 
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| | Reticulocyte count 


It 73 


Normal or reduced Increased 


[ Serum Won! | Posive tests for homolysis 


Screen for renal, hepatic, 
endocrine disease 




















Low Normal or high Yes No 
Hamolvilc a a| Hemorrhage — 
Negative Positive | Hemolytic anemia Recovery from nutritional 
| deficiency or sepsis 
Anemia of chronic disease | Bone marrow t biopsy | Anemia of renal, hepatic, Autoimmune 
Early Iron deficiency — ——— 


endocrine disease y 


hemolytic anemla, 
thalassemia 








infiltrative disease (leukemia, metastasis, myelofibrosis) 
Aplastic anemia, pure red cell aplasia 
Myelodysplastic syndrome 

Congenital dyserythropoletic anemia 


Fig. 13.2: Approach to normocytic anemia 





| __Macrocytosis | 
| 


:—_—- OO 


Peripheral smear for macro-ovalocytes (MCV >120 fl), 
hypersegmented (6-lobed) neutrophils 











Yes No 



















Levels of vitamin B,2 and folic acid | Reticulocyte count | 
(or response to therapy) ———$-__<— 


Bone marrow examination 


—S——S 


Low levels or anemia No megaloblastic changes in Decreased Increased 
improves with therapy; marrow or no improvement 4 4 
megaloblastic changes with therapy i 


in‘ bone marrow iver function tests, Hemolysis 
Hemorrhage 


thyroid hormone 































| Abnormal Normal 
| | Santio a smi | forothar’ es | t eet] Cro | 
Megalobasti mia Look for other causes one marrow aspirati 
g a c ane te F otner cau: Liver disease , 0 piration 














Therapy with vitamin B,, 
and folate 
Treat underlying cause 


‘Hypothyroidism 
Drugs (phenytoin, 6-mercaptopurine) 
Congenital deficlency of = a 
transcobalamin II or Intrinsic factor | 
Cyanotic congenital heart disease » 
Down syndrome 








Aplastic anemia 
Redcellaplasia 












Congenital dyserythropoletic anemia 
Myelodysplastic syndrome | 
Sideroblastic anemia 
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Fig. 13.3: Approach to macrocytic anemia 
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RON DEFICIENCY ANEMIA 


iron dehiency anemia occurs when there is a decrease in 
total iron body content, severe enough to diminish 
erythropoiesis and cause anemia. 

Pathophysiology 

Diminished dietary iron absorption in the proximal small 
intestine or excessive loss of body iron can result in iron 
deficiency. Iron is essential for multiple metabolic 
processes, including oxygen transport, DNA synthesis, 
and electron transport. In severe iron deficiency, iron- 
coniaming enzymes are low and can affect immune and 
tissue function. Iron deficiency anemia can result in 
diminished growth and learning and have serious 
consequences in children. Dietary constituents, e.g. 
phytates, phosphates and tannates, make non-heme iron 
unabsorbable. 

Healthy newborn infants have a total body iron of 
250 mg (-80 parts per million, ppm) that decreases to ~60 
ppm in the first 6 months of life. Body iron is regulated 
carefully by absorptive cells in the proximal small 
intestine, which alter iron absorption to match body losses 
of iron. Breast milk iron content is more bioavailable than 
cow milk. Besides this fact, infants who consume cow milk 
have more iron deficiency because bovine milk has a 
higher concentration of caldum, which competes with iron 
for absorption and they may have gastrointestinal blood 
loss due to milk allergy. Intercurrent infections and 
infestations compound the problem. 


Clinical Evaluation 

Dietary history is important, including intake of milk, 
weaning foods and supplements. Pica increases the risk 
of infestations and lead poisoning. Common features of 
anemia are present in proportion to the severity and rate 
of development. Behavioral symptoms, such as irritability 
and anorexia, precede weakness, fatigue, leg cramps, 
breathlessness and tachycardia. Congestive heart failure 
and splenomegaly may occur with severe, persistent, 
untreated iron deficiency. Angular stomatius, glossitis, 
koilonychia and platynychia are seen severe iron 
de « 


Laboratory Diagnosis 


The peripheral smear (Fig. 13.4) shows that red cells are 
Microcytic and hypochromic, with RPS LEE 
Poikilocytosis and increased red cell distribution wi 

(RDW). The MCV and MCHC are reduced. Re cell 
Number is reduced, unlike in thalassenua where it is 
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Fig. 13.4: Peripheral smear from a child with iron deficiency 
anemia, shows microcytosis (the red blood cells are smaller 
than the sail lymphocyte in the field), hypochromia (central 
pallor >1/3rd of cell diameter), thrombocytosis, and a few 
ovalocytes and tear drop cells (moderate anisopoikilocytosis). 
Jenner-Giemsa x1000 


increased. Serum iron is reduced, total iron binding 
capacity (TIBC) is increased and transferrin is reduced to 
less than 16% (normal 25-50%). The reduction in serum 
ferritin occurs early, and correlates with total body iron 
stores. Ferritin, an acute phase reactant, is elevated in 
inflammatory conditions, and may thus be falsely high in 
a sick child. High free erythroprotoporphyrin (FEP) is seen 
before anemia develops. 


Treatment 


The cause of anemia should be identified and corrected. 
Hookworm infestation is the commonest cause of occult 
gastrointestinal blood loss in rural India at all ages. Dietary 
counseling and treatment of any other causative factors 
are required to prevent recurrence or failure of therapy. 
Close follow-up is required to assess for adequate response 
and correction of anemia, this will help to identify iron 
therapy failure (Table 13.5). 

Oral iron preparations should be taken on an empty 
stomach or in between meals for best absorption. About 


Table 13.5: Reasons for non-response to hematinic therapy . 
for iron deficiency anemia 

Poor compliance with therapy 

Poorly absorbed iron preparation, @.g. enteric coated 


Use of H, blockers or proton pump inhibitors that cause 
achlorhydria 


Interaction with food and medications 

Associated vitamin B,, or folic acid deficiency 

Underlying hemolytic anemia, inflammation or infection 
Malabsorption, e.g. celiac disease, giardiasis, H. pylori infection 
High rate of ongoing blood loss 

Alternative etiology, e.g. sideroblastic anemia, thalassemias, etc. 
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10-20% patients develop gastrointestinal Side effects such 
as Nausea, epigasivic discomfort, vomiting, comstipation 
and diarrhea. Enteric-cozted preparations have fewer side 
effects, but are also less efficacious end more expensive. 
The most cost-effective oral preparation is femmous sulfate 
(20% elemental) iron). The dose for tezitmemt of enemiz is 
3-6 mg/kg/day elemental iron. The reticulocyte count 
increases within 72-96 hours after initizting therapy. After 
correction of anemia, oral iron should be continued for 
4-5 months to replenish iron stores. 

Indications of parenteral iron therapy are limited to 
conditions such as: (i) intolerance io oral iron, (ii) 
malabsorptive states, and (iii) ongoing blood loss at a rate 
where oral replacement cannot maich iron loss. Intre- 
venous preparations are preferred over intramuscular; 
iron sucrose IV preparations are safe and effective. They 
have been used in children with end stage renal disease 
on dialysis and inflammatory bowel disease. 


Dose Calculation for Paorenterc! Iron 


Total dose (mg) = [Target Hb — Acutal Hb] x Weight (kg) 
x 24+[15 x weight (kg)] 

As iron deficiency anemia is readily corrected with 
medication, blood transfusions should be avoided in 
young, stable patients. Red cell transfusions are needed 
in emergency situations, as in patients where the rate of 
blood loss exceeds the expected rise of hemoglobin, for 
urgent surgery, hemorrhage or severe anemia with 
congestive cardiac failure. In very severe anemia with 
congestive cardiac failure, transfusions must be given very 
slowly (2-3 mL/kg) with monitoring and diuretic therapy 
if necessary. 


Suggested Reading 
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on mental and motor development in children: systemic review of 
randomized controlled trials. Public Health Nutr 2005; 8: 117-32 

° Shelley E Crary, Katherine Hall, George R Buchanan. Intravenous 
iron sucrose for children with iron deficiency failing to respond to 
oral iron therapy. PBC 2011;56(4):615-619. 

* Kotecha PV. Nutritional anemia in young children with focus on 
Asia and India. Indian J Community Med 2011; 36: 8-16. 


MEGALOBLASTIC ANEMIA 


Megaloblastic anemia is a distinct type of anemia 
characterized by macrocytic red blood cells and erythroid 
precursors, which show nuclear dysmaturity. Common 
causes are deficiency of vitamin B, (cobalamin) and folic 
acid. The incidence varies with dietary practices and 
socioeconomic patterns. A study has estimated the 
incidence of folate deficiency as 6.8%, vitamin B,, 32% and 
combined deficiency as 20% in north Indian children. 


Pathophysiology 


Megaloblastic changes affect all hematopoietic cell lines 
with resultant anemia, thrombocytopenia and leukopenia. 


DNA eynthesis is impaired because of lack of methy), 
tetrahydrofolate (a folic acid derivative). Vitamin Bi plays 
2n important role as a cofactor in this reaction, which jg 


necessary for DNA base synthesis, 


Etiology 

The two most common causes of megaloblastic anemjg 
are vitamin B,- deficiency (cobalamin) and folic acig 
deficiency. Folate deficiency can be caused by decreageg 
ingestion, impaired absorption (e.g. celiac disease, 
malabsorption states), impaired utilization (e.g. 
methotrexate, 6-mercaptopurine, trimethoprim, 
azathioprine, phenytoin) (Table 13.6) and increased 
requirement (e.g. infancy, hyperthyroidism, chronic 
hemolvytic disease). Vitamin B,, deficiency can be caused 
by decreased ingestion, impaired absorption (e.g, 
intestinal parasites, intrinsic intestinal disease, failure to 
release vitamin B,, from protein, intrinsic factory 
deficiency), or impaired utilization (e.g. congenital _ 
enzyme deficiencies: orotic aciduria). Folate deficiency can 
occur during prolonged parenteral nutrition and 
hemodialysis, as folic acid is lost in dialysis fluid. History 
of autoimmune disorders may be found in patients of 
pernicious anemia. 

Nutritional deficiency is more common in vegan 
families (vegetarian with little or no dairy products) and 
those consuming only goat milk (folate deficient), In 
infants, itis related to maternal deficiency with inadequate 
body stores and prolonged exclusive breastfeeding (breast 
milk is a poor source of vitamin B,, and associated with 
reduced access to other foods). Giardia infection is shown 
to cause folate malabsorption. H. pylori infections are 
implicated in vitamin B,, malabsorption in adults. Rarely 
inherited metabolic disorders may cause megaloblastic 
anemia (Table 13.7). 


Clinical Manifestations 


A careful dietary history is essential to the diagnosis of 
megaloblastic anemia. The type and quantity of foods 
should be documented. Medication intake and history of 
any other contributing medical disorders and infestation 
needs to be taken, Anemia, anorexia, irritability and easy 
fatigability are clinical features common to other causes 


___ Table 13.6: Drugs that cause megaloblastic anemia 
Impaired folic acid absorption: Phenytoin, phenobarbital 
Impaired cobalamin absorption: Proton pump inhibitors 


Interference with folate metabolism: Methotrexate: 
trimethoprim, pyrimethamine 


Interference with cobalamin metabolism: Metformin, neomycin 
Purine analogs: 6-Mercaptopurine, 6-thioguanine, azathioprin¢ 


Ribonucleotide reductase inhibitors: Hydroxyurea, cytarabiné 
arabinoside 


Pyrimidine analogs: Zidovudine, 5-fluorouracil 
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table 13.7: Metabolic causes of megaloblastic anemia 
ynborn errors of cobalamin metabolism 
congenital intrinsic factor deficiency 
Deficiency of transcobalamin | and II 


Cobalamin malabsorption due to defect in intestinal receptor 
(imersiind-Grasbeck syndrome) 


Methylmalonic aciduria 

Homocystinuria 

inborn errors of folate metabolism 

congenital folate malabsorption 

Dihydrofolate reductase deficiency 
n5-methyltetrahydrofolate homocysteine methyltransferase 
deficiency 

Other Inborn errors 


Hereditary orotic aciduria 
Lesch-Nyhan syndrome 
Thiamine responsive megaloblastic anemia 


of anemia. Patients should be examined for signs of 
thrombocytopenia and neutropenia. Features characteris- 
tically found in megaloblastic anemia include glossitis, 
stomatitis and hyperpigmentation of the skin on knuckles 
and terminal phalanges, enlargement of liver and spleen 
(30-40% cases). Neurologic signs may precede the onset 
of anemia. Petechiae and hemorrhagic manifestations have 
been reported in 25% cases. Pancytopenia and hepato- 
splenomegaly can make it difficult to differentiate from 
leukemia. The child should be evaluated for signs of 
malabsorption such as weight loss, abdominal distention, 
diarrhea, and steatorrhea. Abdominal scars from ileal 
resections may be present. 

A neurologic examination is mandatory, it may reveal 
loss of position and vibratory sensation, which are the 
earliest neurologic signs. Later other posterior and lateral 
column deficits may be found. Memory loss, confusion 
and neuropsychiatric symptoms can occur. Persistence of 
neurological sequelae can be found even after treatment 
of the deficiency. 


Laboratory Evaluation 


A complete hemogram with red cell indices shows 
Macrocytosis (>110 fl highly suggestive of megaloblastic 
anemia) and cytopenias. Hypersegmented neutrophils 
(nucleus >6 lobes) may be seen. The reticulocyte count 
Should be performed; if available, serum B,, and folate 
levels are assayed. The Schilling test, which requires 
tadioactive labeled B,,, is used to identify pernicious 
anemia and for evaluation of deficiency states. 

Bone marrow evaluation should be performed in any 
child with more than one abnormal hematological cell line. 
It can help to rule out other disorders such as leukemia, 
Myelodysplasia, and aplastic anemia. In megaloblastic 
anemia, the bone marrow will be cellular (Fig. 15.5) and 
show red blood cell precursor nuclear-cytoplasmic 
‘synchrony. Granulocyte precursors May also be 
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Fig. 13.5: Peripheral smear of a 12-year-old gin with megoalobiostic 
anemia showing hypersegmented polymorphonuclear cell. 
Note that the nucleus has more than 5 lobes 


abnormal. Serum chemistry may reveal elevated lactic 
dehydrogenase (LDH) and bilirubin. 


Differential Diagnosis 


Other causes of macrocytosis should be considered in the 
differential diagnosis of megaloblastic anemia. These 
causes include aplastic anemia and other marrow failure 
syndromes (pure red cell aplasia, Fanconi anemia, 
transient erythroblastopenia of childhood), congenital 
dyserythropoietic anemia, chronic liver disease, 
hypothyroidism, cold agglutinin disease, neoplastic (e.g. 
myelodysplastic syndromes) and HIV infections. 


Treatment 


Treatment depends on the underlying cause. If the cause 
is not identified, therapeutic doses of folate (1-5 mg/day) 
and vitamin B,, (1000 wg) are administered. Only folate 
therapy may correct the anemia, but will not correct 
cobalamin deficiency-associated neurological disorder 
and result in the progression of neuropsychiatric complica- 
tions. Folate deficiency due to dietary insufficiency or 
increased demands is best treated with folate supplements. 
Folate deficiency due to use of anti-folate medications is 
managed by reducing or eliminating the implicating agent 
and supplementation with folic acid. Folate is available 
as 5 mg tablet and overdose is not associated with any 
adverse effects; a dose of 1-5 mg/day is recommended 
for 3-4 weeks. 

Parenteral vitamin B,, at a dose of 1 mg (1000 1g) is given 
intramuscularly; lower doses (250 Ug) can be used in infants. 
A decrease in MCV, reticulocytosis and higher platelet and 
neutrophil counts is observed within a few days of therapy. 
In patients with pernicious anemia and malabsorptive 
states, vitamin B,, (1000 pg) should be given IM daily for 
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2 weeks, then weekly until the hematocrit value is normal 
and then monthly for life. Patients with neurological 
complications should receive 1000 jg IM every day for 
2 weeks, then every 2 weeks for 6 months and monthly 
for life. Oral supplements can be administered; however, 
absorption is variable and may be insufficient in some 
patients. In dietary insufficiency, no standard duration of 
therapy has been defined. Dietary counseling is advised, 
along with vitamin B,, supplements (oral daily or 
parenteral dose every 3-12 months). 


Suggested Reading 


¢ Devalia V, Hamilton MS, Molley AM. Guidelines for the diagnosis 
and treatment of cobalamin and folate disorders, Br J Haematology 
2014; 166:496-513. 


HEMOLYTIC ANEMIAS 


The term ‘hemolytic anemia’ is limited to conditions in 
which rate of red cell destruction is accelerated and ability 
of the bone marrow to respond to the anemia is 
unimpaired. Table 13.8 lists important causes. Under 
maximal stimulation, the normal marrow is capable of 
increasing its production about 6-8 times its basal level. 
The reticulocyte count is useful in determining the rate of 
red cell destruction. The normal reticulocyte count value 
in the newborn is 3.2+1.4% and in children 1.2+0.7%. 


Table 13.8: Causes of hemolytic anemia 


Acquired 

Mechanical: Macroangiopathic (artificial heart valves, march 
hemoglobinuria); microangiopathic (disseminated intravascular 
coagulation, hemolytic uremic syndrome, thrombotic thrombo- 
cytopenic purpura) 

Infections: Malaria, kala-azar, Clostridium welchit 

Antibody mediated: Autoimmune hemolytic anemia (warm and 
cold types) 

Transfusion reactions: Immediate and delayed 

Hemolytic disease of the newborn 

Drugs: Cefotetan, ceftriaxone 


Hypersplenism 

Cryopathy, @.g. cold agglutinin disease, paroxysmal cold 
hemoglobinuria 

Physical injury, e.g. burns 

Chemical injury. Snake bite, lead and arsenic toxicity 


‘Inherited 

Hemoglobinopathies, 6.g. thalassemia, sickle cell disease 
Red cell membrane defect, e.g. glucose-6-phosphate dehydro- 
genase deficiency 

Disorders of the cytoskeletal membrane, e.g. hereditary 
spherocytosis 

Unstable hemoglobins 

Lipid membrane defects, 6.g. abetalipoproteinemia 
Porphyria 
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Laboratory Manlfostations 

Laboratory findings in hemolytic anemia are: (1) increared 
erythrocyte destruction (Table 13.9), (il) compennatory 
increase in erythropoicsis (Table 13,10), and (lil) features 
specific to particular hemolytic anemia. An clevated 
corrected reticulocyte count may be the only feature of 
mild hemolytic anemia. The Coombs test Is the most 
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Fig. 13.6: Child with hemolytic anemia, showing hemolylic 
facies and Icterus 


Table 13.9: Laboratory signs of accelerated 
erythrocyte destruction 


Fall in blood hemoglobin level at >1.0 g/dL per week 
Increased serum level of unconjugated bilirubin 
Increased urinary urobilinogen excretion 

Increased serum lactate dehydrogenase 

Reduced haptoglobin and hemopexin 

Reduced glycosylated hemoglobin 

Decreased erythrocyte lifespan (using radioisotope ®'Cr) 
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ole 13.10: Laboratory signs of accelerated erythropoiesis 
4 blood 


polychromasia or reticulocytosig 
osis 


crease in nucleated red celis 
roid hyperplasia 
yon kinetic studies 
increased plasma iron turnover 
increased erythrocyte iron turnover 


important initially test to perform to define the etiology 
of hemolysis. A direct antiglobin (direct Coombs) test is 

itive in most cases of immune hemolytic anemia and 
implies that the erythrocyte is coated with IgG or C3 
component of complement. However, the test may be 
negative in 2-5% of patients with immune hemolysis. 

Haptoglobin and hemopexin are proteins which bind 
tohemoglobin and heme released from red cells following 
their destruction. The protein complexes formed after 
intravascular hemolysis are removed by circulation. 
Haptoglobin and hemopexin levels are, therefore, low in 
patients with hemolytic anemia. When haptoglobin is 
saturated, free plasma hemoglobin can be detected. While 
the level of indirect bilirubin provides evidence for 
hemolysis, it is relatively insensitive and is elevated only 
if the liver function is impaired or when hemolysis is 
extensive, 


Intravascular and Extravascular Hemolysis 


Intravascular hemolysis occurs when the released 
hemoglobin is released into the plasma (hemoglobinemia). 
A part of the circulating free hemoglobin is converted to 
methemoglobin, which binds with albumin to form 
methemalbumin, this confers a brown colour to plasma 
for several days following hemolysis. When the amount 
of hemoglobin exceeds the haptoglobin binding capacity 
itis excreted in the urine (hemoglobinuria), and to some 
extent is reabsorbed in the proximal renal tubules. The 
loss of heme-laden tubular cells is seen as hemosiderinuria. 
In extravascular hemolysis, hyperbilirubinemia is seen, 
but no free hemoglobin is seen in the plasma. Hence no 
hemoglobinemia, hemoglobinuria or hemosiderinuria is 

found in the latter. . 
A peripheral smear is useful in evaluation of hemolytic 
anemia. The smear may show malarial parasites, 
SPherocytes (hereditary spherocytosis, following 
transfusion), bite cells (G6PD deficiency), microcytosis 
With fragmented red cells (thalassemia) and thrombo- 
‘Ytopenia with schistocytes (disseminated intravascular 
“Oagulopathy, thrombotic microangiopathy). Specific 
ests, é.g. hemoglobin electrophoresis, osmotic fragility, 
yme assays (G6PD, pyruvate kinase spent and 
y for CD55/59 (paroxysmal nocturnal hemoglobinuria) 

re required. 


Hemolytic disorders may be divided into inherited and 
acquired varieties. This classification has a pathogenetic 
Significance because the nature of hereditary lesions differs 
from those acquired. Most intrinsic defects are inherited 
and the extrinsic are acquired. There are a few exceptions 
to this generalization; these include paroxysmal nocturnal 
hemoglobinuria, an acquired disorder characterized by 
an intrinsic red cell defect. 


Management 


In an acute attack of hemolysis, it is important to maintain 
fluid balance and renal output. Shock is managed by 
standard measures. Blood transfusions, so useful in acute 
anemia of other types, must be used with caution in 
patients with acquired anemias. Even with careful blood 
matching, destruction of transfused blood with increased 
burden on excretory organs and risk of thromboses may 
occur. Acute autoimmune hemolytic anemia is treated 
with steroids (prednisone 1-2 mg/kg/day), gradually 
tapered over several months, once the patient shows 
resolution of hemolysis. In chronic hemolysis, the etiology 
needs to be investigated and treated accordingly. 


Hereditary Spherocytosis 


Several membrane protein defects are identified in 
hereditary spherocytosis. Many of these result in 
instability of spectrin and ankyrin, the major skeletal 
membrane proteins. The degree of skeletal membrane 
protein deficiency correlates with the degree of hemolysis. 
Structural changes lead to membrane instability, loss of 
surface area, abnormal membrane permeability and 
reduced red cell deformability. These defects are 
accentuated by metabolic depletion, demonstrated by 
increase in osmotic fragility after 24 hours incubation of 
blood at 37°C. The spleen is the site of destruction of these 
non-deformable erythrocytes. 


Patients have a mild to moderate chronic hemolytic 
anemia. The MCV is decreased; the MCHC is increased 
due to cellular dehydration. The red cell distribution width 
(RDW) is increased due to the presence of spherocytes 
and increased reticulocytes. Patients often present with 
jaundice; splenomegaly is seen in ~75% patients and 
pigment gallstones are frequent. 

Patients require lifelong folic acid supplementation 
(1-5 mg/day) due to high turnover rate of erythropoiesis. 
Splenectomy does not cure the underlying disorder but 
reduces the degree of hemolysis, and is considered in 
patients with severe hemolysis and high transfusion 
requirement. In children with excessively large spleens, 
splenectomy may diminish the risk of its traumatic 
rupture. Splenectomy is performed after 6 years of age, 
following immunization for H. influenzae type b, 
S. pneumoniae and N. meningitidis. Prolonged prophylactic 
therapy with penicillin may be required following 
splenectomy to reduce the risk of sepsis. 
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Abnormalities In Red Cell Glycolysls 


Glucose ls the primary metabolic substrate for erythrocytes, 
Since the mature red cell does not contain mitochondria, 
lucose Is metabolized by anaerobic pathways, the two 
chief being the Embden-Meyerhof pump (EMP) and the 
hexose monophosphate shunt (HMS). EMP accounts for 
90" of glucose utilization. The inability to maintain 
adenosine triphosphate required for cellular functions 
such as deformability, membrane lipid turnover and 
membrane permeability results in the shortened red cell 
life. FIMS, responsible for remaining 10% of glucose 
metabolism, generates substrates which protect red cells 
against oxidant injury. A defect in the HMS causes 
oxidized hemoglobin (Heinz bodies), lipids and 
membrane proteins to collect in the red cell, resulting in 
hemolysis. The reticulocyte count is raised; bone marrow 
shows erythroid hyperplasia. A useful screening test is 
autohemolysis and diagnosis is by specific enzyme assays. 


Giucose-6-phosphate Dehydrogenase (G6PD) Deficlency 


G6PD deficiency, an X-linked disorder with full expression 
in affected males, is the most common red cell enzyme 
deficiency. Variants of the deficiency have been identified, 
which vary in antioxidant reserve and enzyme levels. After 
oxidant exposure, hemoglobin is oxidized to methemo- 
globin and denatured to form intracellular inclusions 
(Heinz bodies). Heinz bodies attach to the red cell 
membrane and aggregate intrinsic membrane proteins 
such as band 3. Reticuloendothelial cells identify these 
changes as an antigenic site on the red cell membrane, 
and ingest a part of the red cell shortening its life. 

Hallmarks of a hemolytic crisis are pallor, icterus, 
hemoglobinemia, hemoglobinuria and splenomegaly. 
Plasma haptoglobin and hemopexin are low. The child 
may present with jaundice in neonatal period. Peripheral 
smear shows fragmented bite cells and polychromasia; 
special stains show Heinz bodies during the initial a few 
days of hemolysis. The diagnosis of G6PD deficiency is 
based on family history, clinical and laboratory features, 
and exposure to oxidants prior to the hemolytic event. 
Confirmation of the diagnosis is by quantitative enzyme 
assay or molecular gene analysis. Management consists 
of supportive care for the acute crisis (hydration, 
transfusions, if needed, and monitoring) along with folic 
acid supplements. Counseling to avoid exposure to 
oxidant drugs is imperative (Table 13.11). 


‘Table 13.11: Drugs that cause oxidant stress and hemolysis in 
, patients with glucose-6-phosphate dehydrogenase deficiency 
Sulfonamides: Sulfamethoxazole 

Antimalarials: Primaquine, quinine 


Analgesics: Aspirin, non-steroidal anti-inflammatory drugs, 
phenazopyridine (pyridium) 


Others: Nitrofurantoin, dapsone, methylene blue, rasburicase, 
toluidine blue, nalidixic acid, furazolidine, quinidine 


Pyruvate Kinase (PK) Deficiency 


cy ig the most common EMP defect, inhe Hi 
aspects te recessive shan r ne peta, $Pectru, 
ig variable. Homozygotes show P en mega y, Icterug . 
hemolytic anemia; heterozygotes “is a8ymptomay 
Management includes splenectomy A orate 5Upplemen, 
to prevent megaloblastic complications. 


Autoimmune Hemolytic Anemia 


This arises as an autoimmune phenomenon targeting red 
cells, which might be isolated or complication of an 
infection (hepatitis B, upper respiratory infections, mono, 
nucleosis, cytomegalovirus infection), systemic lupus of 
other autoimmune syndromes, immunodeficiency States 
and malignancies. The disease has an acute onset, 
manifested by weakness, pallor and fatigue. Jaundice js 4 
prominent finding and splenomegaly is often present, 

Some cases are chronic. Evidence of an underlying disease 

(e.g. lupus, HIV) may be present. The anemia may be 

severe and result in cardiovascular collapse, requiring 

emergency management. 

The anemia is normochromic and normocytic, which 
may vary from mild to severe (hemoglobin level <5 g/dL); 
reticulocyte count is usually increased. Spherocytes and 
nucleated red cells may be seen on the peripheral smear. 
Other findings include increased lactic dehydrogenase, 
indirect and total bilirubin, aspartate aminotransferase 
and urinary urobilinogen. Intravascular hemolysis 1s 
indicated by hemoglobinemia or hemoglobinuria. 
Examination of the bone marrow shows erythroid 
hyperplasia, but is seldom required. 

In almost all cases, the direct antiglobulin (direct 
Coombs) test is positive. Further evaluation allows 
distinction into one of three syndromes. 

i. Presence of IgG on patient red blood cells, maximal in 
vitro antibody activity at 37°C, specificity for Rh-lke 
antigen constitute warm autoimmune hemolytt¢ 
anemia with extravascular destruction by the reticulo 
endothelial system. This can also be due to many drug? 
causing hapten or autoantibody type hemolysis. 

i. Detection of complement alone on red blood cells 
optimal reactivity in vitro at 4°C, i or I antigen spe 
city are diagnostic of cold autoimmune hemoly 
anemia with intravascular hemolysis. This condition 
is usually seen only in adults. In children, Do™ 
Landsteiner hemolytic anemia, associated with # 
acute viral syndrome and mediated by cold hemolys" 
occurs frequently. Paroxysmal cold hemoglobinu™ 
identical to cold autoimmune hemolytic anemia, ent 
for P-antigen specificity and in vitro hemoly*), 

Paroxysmal cold hemoglobinuria is associated er 

significant infections, such as mycoplasma, Epsté 

Barr virus and cytomegalovirus. - sted 

Occasionally, IgG and complement associé 

hemolytic anemia due to warm antibody or rarely 

associated autoimmune hemolytic anemia. 
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Treatment 

Medical management of any underlying disease is 
important in symptomatic cases. Most patients with warm 
autoimmune hemolytic anemia (where hemolysis is 
extravascular), respond to therapy with prednisone (1 mg/ 
kg for 4 weeks, or till hemoglobin is stable). After initial 
treatment, the dose of steroids is tapered over 4-6 months. 
In severe cases, other immunosuppressive agents such as 
cyclophosphamide, azathioprine, cyclosporine and 
danazol may be tried alone or in combination with 
corticosteroids. Some patients may respond to intravenous 
immunoglobulin (IVIG; 1 g/kg/d for 2 days), although 
the response is not sustained. Although the rate of 
remission with splenectomy is as high as 50% particularly 
in warm autoimmune hemolytic anemia, the procedure 
should be withheld until other treatments have failed. 
Refractory cases may respond to rituximab or hemato- 
poietic stem cell transplantation. 


Patients with cold autoimmune hemolytic anemia and 
paroxysmal cold hemoglobinuria are less likely to respond 
to corticosteroids or VIG. These syndromes are associated 
with infections and have an acute, self-limited course. 
Supportive care including transfusion of compatible blood 
may often be necessary, but should be monitored closely. 
In most patients, crossmatch compatible blood will not 
be found, and the least incompatible unit should be 
identified by the blood bank. Transfusions must be 
conducted carefully, beginning with a test dose. 


Prognosis 

Children with warm autoimmune hemolytic anemia are at 
higher risk for more severe and chronic disease with higher 
morbidity and mortality. Hemolysis and the positive 
antiglobulin tests may continue for months or years. 
Patients with cold autoimmune hemolytic anemia or 
paroxysmal cold hemoglobinuria are more likely to have 
acute self-limited disease (<3 months). 


suggested Reading 


* Choudhry VP, Seth T, Saxena R. Hemolytic anemias. deGruchy 
Clinical Hematology in Medical Practice. Wiley India (6th edn) 
2015; pp 146-183. 

* Gupta N, Sharma §, Seth T, et al. Rituximab in steroid refractory 
autoimmune hemolytic anemia. Indian J Pediatr 2012; 79: 803-805. 


THALASSEMIAS 


Thalassemia is a Greek term derived from thalassa, which 
means “the sea” (Mediterranean sea) and emia, which 
means “related to blood”. It occurs due to globin gene 
defects, one of the commonest monogenic diseases. 
Molecular biology and genetics of thalassemia syndromes 
have revealed more than 200 mutations, across 
Populations from Southeast Asia to Africa. Carrier rates 
or thalassemia reported in North Indians, varies in 
different ethnic groups from 3-17%. 





The major hemoglobin in children after 1 year of age, 
HbA constitutes approximately 90%, and a minor 
component, HbA2 accounts for 23%. The main hemoglobin 
in fetal life is HbF of which only traces remain after 
1 year of life. 


Pathophysiology 


Thalassemias are inherited disorders of hemoglobin 
synthesis that result from alteration in the rate of globin 
chain production. A decrease in the rate of production 
of a globin (a, B, ¥, 5) impedes hemoglobin synthesis 
and creates an imbalance with normally produced 
globin chains. Because two types of chains (a and non- 
) pair with each other at a ratio close to 1:1 to form 
normal hemoglobin, an excess of the normally produced 
type is present and accumulates in the cell as an 
unstable product, leading to early destruction of the red 
cell. 

The type of thalassemia usually carries the name of 
the under produced chain or chains. The reduction may 
vary from a slight decrease to a complete absence. When 
8 chains are produced at a lower rate, the thalassemia is 
termed B*, whereas B° thalassemia indicates a complete 
absence of production of B chains from the involved 
allele. The disease is inherited in a Mendelian recessive 
fashion. Advances in knowledge of molecular genetics 
have led to considerable progress in control of 
thalassemias. Carriers are relatively easy to identify and 
screen. Prenatal diagnosis and genetic counseling 
programs in many countries have lead to a dramatic 
reduction in the frequency of births of children with 
thalassemias major. Awareness is required amongst 
health professionals and the public to control this disease 
in India. 


Presentation 


Thalassemia should be considered in any child with 
hypochromic, microcytic anemia that does not respond 
to iron supplementation. Children with thalassemia major 
usually demonstrate no symptoms until about 3-6 months 
of age (when chains are needed to pair with chains to 
form HbA, after chains production is turned off). The 
condition may not be recognized because of the delay in 
cessation of HbF production till 3-5 years of age in some 
cases. Severe pallor and hepatosplenomegaly are almost 
always present. Icterus is usually not seen but mild to 
moderate jaundice may be found due to liver dysfunction 
from iron overload and chronic hepatitis. 


Features of severe anemia, including intolerance to 
exercise, irritability, murmur or signs of heart failure may 
be present. Bony abnormalities, such as frontal bossing, 
prominent facial bones and dental malocclusion are 
usually present (Fig. 13.6). Ineffective erythropoiesis 
creates a hypermetabolic state associated with fever and 
failure to thrive. Hyperuricemia may be present. 
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Spectrum of § Thalassemias 


8 thalassemia trait: Patients have mild anemia and 
abnormal red cell indices; high performance liquid 
chromatography (HPLC) or hemoglobin electrophoresis 
Shows elevated levels of HbA2 or HbE, or both. Peripheral 
blood Alm examination shows marked hypochromia, 
MACTACY tosis (Without anisocytosis, which is found with 
iron deficiency) and target cells. 


Thalassemia intermedia: This condition, found in 
compound heterozygous state, presents with anemia of 
Varying severity, which may or may not require regular 
dload transfusions. Icterus and splenomegaly are present. 


These patients require monitoring over time to understand 
the spectnim of the disease. 


Thalassemia major: The condition is characterized by 
transfusion dependent anemia, splenomegaly, bony 
deformities, growth retardation and hemolytic facies in 
untreated or inadequately treated individuals. Blood 
smear shows hypochromia, microcytosis, marked 
anisocytosis, tragmented and nucleated red cells, 
polychromasia and occasionally immature leukocytes. 
Organomegaly is reduced in well-transfused patients, but 
is marked in patients receiving irregular or inadequate 
transfusion support. 


Bthalassemia with Bchain structural variants: The most 
Significant condition in this group is HbE. Patients with 
HbE/6 thalassemia may show severe symptoms identical . 
to patients with thalassemia major or a milder course ? 

on. ve . . a> ok Fiq. a iy Y2 ft 
similar to thalassemia intermedia or minor. The variation a a toe as ied anlar a sols 
in severity can be explained because of different g peiktooyt 


. microcytosis, hypochromia, polychromatophilia, nucleated red 
genotypes, (ie. B* or B°), the co-inheritance of « thalas- blood cells and a few fragmented erythrocytes. Jennier-Giens0 
semia gene, level of HbF and presence of other modifying —_x1000 


genes. 
Laboratory Studies 





Complete blood count and peripheral blood film results 
are sufficient to suspect the diagnosis. In thalassemia major 
and intermedia, the hemoglobin level ranges from 2-8 g/dL; 
MCV and MCH are significantly low. Reticulocyte count 
is elevated to 5-8% and leukocytosis is usually present. A 
shift to the left is also encountered, reflecting the hemo- 
lytic process. The platelet count is usually normal, unless 
the spleen is markedly enlarged and causing hyper- 
splenism. 

Peripheral blood film reveals hypochromasia and 
microcytosis, polychromatophilia, nucleated red blood 
cells, basophilic stippling and occasional immature Lal Li Jee. 
leukocytes (Figs 13.7 and 13.8). An HPLC sample must be A - oe 
sent prior to the first blood transfusion to confirm the 7 Le eS kt af 
diagnosis of thalassemia that shows absence of HbA and Fig. 13.8: Peripheral smear from an asymptomatic patient 
high levels of HbF. Elevated HbA2 is characteristic of | hemoglobin E disease, showing microcytosls, hypochie "00 
thalassemia trait. target cells and nucleated ted blood cells, Jenner-Glems9 * 
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Management 

Genetic counseling is needed for the couple and their 
family to prevent the birth of other children with 
thalassemia major. Prenatal testing is available to ensure 
the second child of the afflicted family does not have 
thalassemia major. The availability of hematopoietic stem 
cell transplantation offers the possibility of cure in severe 
forms of thalassemia. 

Patients with thalassemia major require medical 
supervision to monitor for complications. Blood 
transfusion should be initiated at an early age when the 
child is asymptomatic and attempts should be made to 
keep pretransfusion hemoglobin level at 9-10 g/dL (to 
promote growth and prevent deformities), Chelation 
therapy for the accumulated iron overload is necessary to 
prevent organ dysfunction. A normal diet is recommended, 
with the following supplements: Folic acid, small doses 
of ascorbic acid (vitamin C), and alpha-tocopherol 
(vitamin E). Iron preparations as hematinics or dietary 
supplements should not be given. Drinking tea with meals 
has been shown to decrease absorption of iron in the gut. 


Blood Transfusions and Infections 


After multiple transfusions, patients often develop 
transfusion reactions or alloimmunization to red cell 
antigens. These complications can be minimized by using 
leukocyte filters during transfusion or having blood banks 
prepare leuko-poor packed red cells. Administration of 
acetaminophen and diphenhydramine hydrochloride 
before transfusion(s) minimizes febrile or allergic 
reactions. The major complications are those related to 
transmission of blood-borne viral infections. Hepatitis B 
vaccination and regular assessment of hepatitis C and HIV 
status are part of routine care. Folate supplements are 
required; ferritin levels are used to monitor iron overload. 

Lactoferrin, a prominent component of granules of 
polymorphonuclear leukocytes, is bacteriostatic for many 
pathogens. Very high transferrin saturation in patients 
with iron overload affects the bacteriostatic properties of 
the protein, resulting in increased risk of infections with 
Y. enterocolitica that presents with fever and diarrhea. 
Other important infections which may occur are 
mucormycosis and Listeria monocytogenes. 


lron Overload 


Iron overload is a major cause of morbidity. The excessive 
load of iron is due to increased gastrointestinal iron 
absorption as well as repeated transfusions. Patients show 
Signs of endocrinopathy affecting pancreas, thyroid and 
parathyroid glands, decreased growth and lack of sexual 
Maturation. The simplest method for monitoring iron 
Status is by estimating serum ferritin. Other investigations 
INclude liver biopsy, liver MRI and echocardiography. An 
accurate and noninvasive tool to assess cardiac iron status 
1S cardiac T,* magnetic resonance (CMR). 


Chelation Therapy 


The introduction of chelating agents capable of removing 
excess iron from the body has dramatically increased life 
expectancy. The cost, however, has resulted in poor 
compliance and inadequate dosing of iron chelators in 
many Indian patients. Combination therapy may be 
needed in children not adequately controlled by 
appropriate use on a single iron chelator. 

Deferoxamine (DFO) is administered by subcutaneous 
infusion pump (40-60 mg/kg/day over 8-12 hours for 5-6 
days/week). Higher doses of DFO may be administered 
IV when serious iron overload such as cardiac failure 
occurs. Eye examinations, hearing tests and renal function 
tests are required to monitor the effects of DFO therapy. 
Deferasirox is an oral chelating agent, which binds iron 
with high affinity and is excreted in bile and via the feces. 
This chelator is highly selective for iron and chelates both 
intracellular and extracellular excess iron. The dose is 
30 mg/kg dissolved in water and taken daily. Deferiprone 
is an oral chelating agent, which is less effective than DFO 
in preventing organ damage. It is administered at a dose 
of 75 mg/day, but should be given under supervision for 
side effects including arthritis, neutropenia and 
agranulocytosis. 


Splenectomy 


The spleen acts as a store for nontoxic iron, protecting the 
body from extra iron thus early removal of the spleen may 
be harmful. Splenectomy is justified only in hyper- 
splenism, leading to excessive destruction of erythrocytes 
and thus increasing the need for frequent blood 
transfusions, resulting in further iron accumulation. 
Patients who require more than 200-250 mL/kg of packed 
red blood cells per year to maintain hemoglobin may 
benefit from this procedure. Pre-splenectomy immunizations 
and prophylactic antibiotics have significantly decreased 
infections in splenectomized children. The procedure is 
delayed until the child is aged 5 years old. This is rarely 
required in children receiving adequate transfusion 
therapy. 


Other Complications 


Bone problems: The classic "hair on end" appearance of 
the skull, results from widening of the diploic spaces and 
the maxilla may overgrow, resulting in maxillary overbite 
and prominence of the upper incisors. These changes 
contribute to the classic hemolytic/chipmunk facies 
observed in patients with thalassemia major. Osteoporosis 
and osteopenia may result in fractures; the child may need 
treatment with calcium, vitamin D and bisphosphonates 
to improve bone density. 


Extramedullary hematopoiesis: This usually occurs in 
patients with thalassemia intermedia who are not 
receiving transfusion therapy. They may cause neuropathy 
or paralysis from compression of the spine or peripheral 
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nerves. Compression fractures and paravertebral — gickle cell gene have sickle cell di / those why 2% 


expansion of extramedullary masses, which behave like heterozygous have the sickle trait. 
tumors, are seen during the second decade of life. , 
Ical Evaluation 
Psychosocial: As these childyer . Clin 
oe ee hildren survive into adulthood, History is taken for the site, character, frequency, durzt,, 
ri — re pic to employment, marriage and having ¥ y ity of pain, and precipitating or relieving fac, 
amilies, as well as the stres: an und sever / rs. 
; ¢ stress of chronic illness will need Pain is the most common presentation of a Vaso-occhuss... 


to be addressed. : 
crisis, Shortness of breath or dyspnea is suggestive of acts 


Cure of Thalassemia Major chest syndrome. Senenioai® stb Asie aoe 25 
5 2 te ; , , aphasia, paresthesias, and yjc,,. 
Hematopoietic stem cell transplantation (HSCT) is the only unilateral WicaKneSS : ha fee suggest = 
known curative treatment for thalassemia, Poor out , ‘symptoms (retinal hemorr Bf Y SUBBES! Stroke o; 
SE Ser OUlCOMe infarct. Sudden increase in pallor, syncope or sudden pai, 


of HSCT occurs jn patients with hepatomegal ss a 
pene , galy, portal ra pia ten dottond abdomen mass may indj 
fibrosis and inadequate chelation prior totransplant.The Piciceg ih letiaided oa’ 


event-free survival rate for patients who have all three 
features is 59%, compared to 90% for those who do not. 


splenic sequestration crisis. = 
Icterus (unconjugated bilirubin), pallor and mijg 
splenomegaly ina young child are the usual presentations, 
Management of Other Thalassemia States The disease may manifest as a febrile episode as patient; 
o>. : are prone to pneumococcal, Salmonella and other bacteria] 
Thalassemia intermedia patients require monitoring to infections. Each episode of fever should be screened for a 
assess the need for transfusion as persistently low focus of infection and treated promptly. Tachypnez 
hemoglobin may retard growth, Hydroxyurea atadose ggests pneumonia, congestive heart failure or acute 
of 15-20 mg/kg/ day may be used in an attempt to increase chest syndrome. Hypoxia is commonly seen in patients 
HbF production and reduce the need for transfusions. This with acute chest syndrome. Severe anemia may occur with 


therapy is most effective in those children with XLM1 aplastic crisis; patients may have signs of congestive heart 


mutation. failure. Hypotension and tachycardia are signs of septic 
Patients with thalassemia trait do not require medical shock or sequestration crisis. Growth retardation and 


follow-up after the initial diagnosis; iron therapy should gallstones are common and need medical attention. The 


ee ee i hes spleen undergoes autoinfarction and is usually not 
B mS me cared’ 10 creale awareness and palpable beyond 6 years of age. 


prevent thalassemia major in subsequent offspring. 


Types of Crisis 
Suggested Reading 


¢ Nadkarni A, Gorakshakar AC, Krishnamoorthy R, et al. Molecular 
pathogenesis and clinical variability of beta thalassemia syndromes 


1. Vaso-occlusive crisis: This crisis occurs wren the 
microcirculation is obstructed by sickled rea cells, 





among Indians. Am J Hematol 2001; 68: 75-80. resulting in ischemic injury. Pain is the chief corolaint; 
¢ Prevention and control of hemoglobinopathies in India: bones (e.g. femur, tibia and lower vertebr:.2) are 
Thalassemias, sickle cell disease and other variant hemoglobins, frequently involved. Vaso-occlusion may present as 
National Health Mission, Governemtn of India.nhm.gov.in/nrhm- dactylitis or as hand and fnok syndrome (cainful 
oa swollen hands and/or feet in children). Vaso-oc~usion 
may mimic an acute abdomen. The spleen cevelops 
ca autoinfarcts and becomes fibrotic. aris kicrey, it 
Sickle cell anemia, which occurs in India with a gene results in papillary necrosis, which results if 
frequency of 4.3%, is relatively common in multiple states isosthenuria (inability to concentrate urine). Vas” 
including Odisha, Maharashtra, Madhya Pradesh, occlusive crises can involve the lungs and caus¢ acute 
Jharkhand and Gujarat. chest syndrome; retinal hemorrhages in the eye and 
involvement of corpus cavernosum, leading ' 
Pathophyslology priapism. Involvement of the femoral head results 
Sickle cell anemia, an autosomal recessive disease, results avascular necrosis. Cerebrovascular accidents may 
from the substitution of valine for glutamic acid at position occur in children, and tend to be recurrent. ¢ 
6 of the beta-globin gene. Sickle red cells are less ii, Acttte chest syndrome: This is a vaso-occlusive cms5 
deformable, and obstruct the microcirculation, resulting with chest pain, cough, tachypnea, dyspnea, hypoxem? 
in tissue hypoxia that perpetuates sickling. Deoxygenation and fever. The condition requires hospitalization W? 
of the heme moiety of sickle hemoglobin (HbSS) leads to need for IV fluids, oxygen, bronchodilators 4° 
hydrophobic interactions between adjacent molecules that antibiotics (including for Mycoplasma and Chlamydia) 
aggregate into larger polymers. The affected cells are _ iii, Sequestration crisis: Sickle cells block splenic outilo 


rapidly hemolyzed and have a lifespan of ~10-20 days and pooling of blood in the engorged spleen, result 
(normal 120 days), Patients who are homozygous for the in splenic sequestration. 


Hematological Disorders 


iy. Risk of infections: Patients are susceptible to infection 
with encapsulated organisms (H. influenzae, S, 
pneumoniae) and other microbes (Salmonella, Mycoplasma, 
S. aureus, E. coli). 


y. Aplastic crisis: Aplastic crisis occurs when the bone 
marrow stops producing red blood cells, following an 
infection (often parvovirus B19) or associated with 
folate deficiency. The condition is self-limited; suppor- 
tive care and packed red cell transfusions are required. 


Laboratory Studies 


Anemia and thrombocytosis are commonly found. While 
Jeukocytosis is common, white cell count >20000/mm? 
with a shift to the left indicates infection. On peripheral 
smear, sickle-shaped red cells are found along with target 
cells. Presence of Howell-Jolly bodies indicates functional 
asplenia. The indirect bilirubin level may be elevated 
because of hemolysis. If the diagnosis of sickle cell anemia 
has not been made, the sickling test establishes the 
presence of HbS. Hemoglobin electrophoresis differentiates 
individuals who are homozygous from the heterozygous. 
The former will have high levels of HbSS (80-90%); carriers 
have lower levels (35-40%). These samples should be taken 
before blood transfusion. 


Assessment during Acute Illness 


In a sick child, blood type and crossmatch is required for 
probable transfusion. X-ray of the chest and bones, and 
blood culture may be indicated. Monitoring of oxygen 
saturation and arterial blood gases should be advised in 
patients in respiratory distress. A drop in hemoglobin 
exceeding 2 g/dL from baseline indicates splenic 
sequestration or aplastic crisis; the reticulocyte count and 
examination of spleen size help differentiate these 
conditions. An electrocardiogram is performed, if patient 
has chest pain and/or irregular pulse. 


Hospital Management 


Hydration and analgesia are the mainstays of treatment in 
pain crisis. Oral hydration is preferred, if the patient is not 
vomiting and can tolerate oral fluids. Narcotic analgesia is 
frequently used. Patients with severe dehydration should 
receive IV fluids. Blood transfusion is required in patients 
with aplastic and sequestration crisis. 

Oxygen supplementation is advised in patients with 
hypoxia. Intubation and mechanical ventilation may be 
required, if cerebrovascular accidents have occurred, or 
with acute chest syndrome. Exchange transfusion consists 
of replacing the patient red cells by normal red cells, 
decreasing sickle hemoglobin (HbS) <30%. Exchange 
transfusions are indicated in patients with cerebrovascular 
accidents and acute chest syndrome. They may be effective 
in patients with acute sequestration crisis or in priapism 


that does not resolve after adequate hydration and 
analgesia, 


Preventive Care 


All children require prophylaxis with penicillin/ 
amoxicillin, at least until 5 years of age. They should 
receive the pneumococcal, meningococcal and hemophilus 
vaccines. They should also receive lifelong folate 
supplements. Hydroxyurea, that increases HbF and 
reduces episodes of pain crises, stroke and acute chest 
syndrome, is recommended to be given at a daily dose of 
10-15 mg/kg/day. Children on hydroxyurea should be 
monitored with complete blood counts. Patients need to 
be screened for gallstones and stroke. Genetic counseling 
and testing should be offered to the family. Parents need 
to learn to identify complications. 


Suggested Reading 


¢ Steinberg MH. Management of sickle cell disease. N Engl J Med 
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¢ Prevention and Control of Hemoglobinopathies in India: 
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APLASTIC ANEMIA 


Aplastic anemia is a group of inherited or acquired 
disorders of the hematopoietic stem cells that involve one 
or more cell lines (erythroid, myeloid, megakaryocytic). 
The prevalence of bone marrow failure resulting from 
hypoplastic or aplastic anemia is 2-6 cases per million in 
Western literature. In India, the prevalence is higher, 
although exact data is not available. 


Etiopathogenesis 


Hematopoietic stem cells are damaged by various 
mechanisms: (i) Acquired stem cell injury from viruses, 
toxins or chemicals; (ii) abnormal cellular control of 
hematopoiesis; (iii) abnormal marrow microenvironment; 
(iv) immunologic suppression of hematopoiesis (due to 
antibodies, cytotoxic T cells); and (v) mutations in genes, 
resulting in inherited bone marrow failure. 


Differential Diagnosis 


Family and past medical history helps distinguish 
inherited from acquired causes. Inherited bone marrow 
failure syndromes are usually diagnosed in childhood or 
young adults. They may have characteristic physical 
anomalies, familial incidence or thrombocytopenia at 
birth. Acquired aplasia can occur due to exposure to 
toxins, drugs like chloramphenicol, environmental 
hazards and viral infections (hepatitis B and C). Single 
lineage cytopenias may occur and need to be differentiated 
from transient erythroblastopenia of childhood 
(Table 13.12). 


Clinical Features 


Physical examination shows pallor and/or signs of 
congestive heart failure. Ecchymoses, petechiae, gum 
bleeding and epistaxis are associated with thrombo- 
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tytopenla, Vever, preurionia and sepsis are due to —— 
Neitroperia, The child should be evaluated for stigmata 
af congenital marrow failure syndromes (Table 13.12, 
Piys 13.9 and 13.10). However, Fanconi anemia may be 
present even without any abnormal phenotypic features. 


Laboratory Studies 


Hematological features of marrov failure include single 
cytopenia, asin pure red cell aplasia and amegakaryocytic 
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Fig. 13.10: Radial ray defects present in a wide specrum ond 
include cbsent or hypoplastic thumbs. Thenar hypoc!asia May 
be missed unless carefully examined 


thrombocytopenic purpura, and aplastic anemia where 
pancytopenia or bilineage involvement is present. 
Peripheral smear shows anemia, occasionally with 
macrocytosis (>110 fl), thrombocytopenia and agranulo 
cytosis. Corrected reticulocyte count <1% indicates 
reduced red cell production. Bone marrow aspirate an 
biopsy are essential for diagnosis and evaluation ° 
marrow cellularity (Fig. 13.11). The marrow is replace 


with fat cells and lymphocytes, with a few hematopoie™ 
cells. 
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Fig. 13,11: Algorithm for evaluation of pancytopenia 


congenital dyserythropoietic anemia (red cells lysed by 
other acidified sera but not patient sera). A recent 
transfusion with packed red cells may induce a false- 
negative test result. A specific test for paroxysmal 
nocturnal hemoglobinuria is assay for two complement 
regulatory proteins normally present on red cells, CD55 
(decay accelerating factor, DAF) and CD59 (membrane 
inhibitor of reactive lysis, MIRL). Deficiency of CD55/59 
on red cells is the hallmark of the disease, Peripheral blood 
cells in Fanconi anemia show characteristic hyper- 
sensitivity and chromosomal breakage with cross-linking 
agents (mitomycin C and diepoxybutane). The chromosomal 
fragility is seen even in patients who lack physical stigmata 
of the disease. 


Treatment 


Supportive care such as packed red cells for anemia, 
platelets for thrombocytopenia and antibiotics for infection 
is needed. Hematopoietic stem cell transplant (HSCT) is 
the only curative therapy. Criteria for referral for HSCT 
is: (i) patients who are young, (ii) severe aplastic anemia, 
and (iii) a matched related sibling donor. Patients with 
severe acquired aplastic anemia who cannot undergo 
HSCT may benefit from therapy with antithymocyte 
globulin (ATG) or anti-lymphocyte globulin (ALG) and 
cyclosporine. Granulocyte colony-stimulating factor (G- 
CSF) is indicated in patients with neutropenia with 
infection. If the neutrophil count does not increase, this 
therapy should be discontinued after 7 days, because of 
the risk of malignancy. 

Therapy with ATG or cyclosporine is contraindicated 
in patients with Fanconi anemia. The only curative 
treatment for them is HSCT. However, this will neither 
cure the physical and renal manifestations of the disease, 
Nor prevent the risk of cancer, Palliative therapy with oral 
androgens has been used in patients of Fanconi anemia 
Who cannot undergo HSCT. 


Prognosis 


Severe anemia can result in high-output cardiac failure, 
neutropenia can lead to bacterial and fungal infections; 
severe bleeding can occur due to thrombocytopenia. The 
severity and extent of cytopenia determine prognosis. 
With current HSCT regimens, most patients with severe 
aplastic anemia show 60-70% Jong-term survival; better 
survival is reported in favorable subgroups. 
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HEMATOPOIETIC STEM CELL TRANSPLANTATION 


Bone marrow transplantation (BMT) is more correctly 
called hematopoietic stem cell transplantation (HSCT). 
This is an established life-saving procedure for a number 
of malignant and non-malignant diseases. The 
hematopoietic stem cell transplants are of the following 
types: (1) Autologous transplant—when the source of stem 
cells is harvested from the patient and (2) Allogeneic 
transplant—when stem cells are collected from a human 
leukocyte antigen (HLA) matched sibling or unrelated 
donor. The commonly used sources of hematopoietic stem 
cells are cytokine mobilized peripheral blood, bone 
marrow and umbilical cord blood. 


Indications 


The indications for hematopoietic stem cell transplantation 
can be conveniently divided into two groups (Table 13.13): 
(a) Malignant disorders—here the cure is by the high doses 
of chemotherapy or radiation therapy, while the transplant 
serves to rescue the patient from the myelotoxic effects of 
the anti-cancer therapy. In allogeneic type of transplants, 
there is an additional benefit of the immunological 
response of ‘graft versus cancer effect', which contributes 
to controlling the disease. (b) Non-malignant diseases— 
in these conditions the abnormal marrow is destroyed and 
replaced by the healthy unaffected donor marrow. This 


‘Table 13.13: Indications for stem cell transplantation 
Malignant disorders Non-malignant disorders 


Acute myeloid leukemia Thalassemia 

Chronic myeloid leukemia Aplastic anemia 

Acute lymphoblastic leukemia Fanconi anemia 

(high risk) Immunodeficiency syndromes 
Hodgkin disease Inborn errors of metabolism 
Non-Hodgkin lymphoma Autoimmune diseases (rare) 
(relapsed or refractory) 

Neuroblastoma 

Ewing sarcoma 

Myelodysplastic syndromes 

Gliomas 

Other solid tumors 
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corrects genetic or acquired disease of blood and bone 
marrow. 


Allogeneic Hematopoletic Bone Marrow Transplant 
Donor Requirement 


For an allogeneic transplant, a human leukocyte antigen 
(HLA) identical sibling is the ideal donor. In spite of HLA 
identity, there is always variation in minor histocompati- 
bility loci, which may lead to graft rejection or graft versus 
host disease. It is possible to have a successful transplant 
using a partially matched sibling as a donor, or an 
unrelated HLA identical donor, but complications of graft 
versus host disease and graft rejection are severe. Most 
centers in India do not conduct unrelated transplants. 
Unlike other organ transplants, ABO blood group 
compatibility is not essential. After successful hematopoietic 
transplantation, the blood group of the recipient will 
change to that of the donor. 


Conditioning Procedure 


Myeloablative conditioning: The standard preparatory 
regimens given prior to hematopoietic transplantation are 
myeloablative (suppression of bone marrow). Patients 
receive extremely high doses of chemotherapy. The aim 
is threefold: (a) eradication of malignant cells or abnormal 
clone of cells, (b) suppression of the immune system of 
the host so that the allograft is not rejected, and (c) clearing 
a "physical space” to allow adequate growth of donor stem 
cells. 


Non-myeloablative conditioning: This aims to suppress 
the immunity of the recipient sufficiently to allow 
allogeneic engraftment, without destroying the recipient 
marrow. These regimens have less toxicity, but higher risk 
of relapse. 


Technical Aspects 


The donor marrow is harvested by repeated aspiration 
from the posterior iliac crests, under general anesthesia 
(though now chiefly collected as peripheral blood stem 
cells by apheresis after G-CSF mobilization). The 
hematopoietic stem cells (HSC) are collected in a bag with 
anticoagulant. The number of stem cells (CD34+) required 
for successful engraftment is estimated to be about 3 x 
10° per kg of recipient body weight. Transfused through 
the veins, the stem cells home into the recipient marrow 
space and start engrafting. Engraftment is considered 
established when the peripheral neutrophil count reaches 
500/mm/? on 3 successive days. 


Supportive Care 


Protective isolation: After transplantation, it takes about 
2-3 weeks before engraftment occurs, that is the time when 
the stem cells start producing adequate number of 
neutrophils, platelets and erythrocytes. During this period, 
very intensive support is required. 
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Blood components: Patients require ap Fe red cell ang 
platelet transfusions during the period of pancytopenia, 
until engraftment occurs. Patients are immunosuppressed 
and at risk of developing transfusion associated—praft 
versus host disease. To prevent this, all cellular blood 
products should be irradiated prior to transfusion, to 


inactivate donor lymphocytes. 


Growth factors: Hematopoietic growth factors, such as 
granulocyte colony-stimulating factor, are administered 
to reduce the duration of neutropenia. 


Failure of Engraftment 


Failure to engraft after HSCT (graft dysfunction) or 
inability to sustain graft (graft rejection) is an uncommon 
but serious complication. Causes include insufficient stem 
cell dose, infections, graft-versus-host disease and other 
immunological processes. The incidence is higher in 
unrelated donor and HLA mismatched transplant. 


Graft Versus Host Disease 


Graft versus host disease (GVHD) may be acute or chronic. 
Acute GVHD occurs within the first 3 months after 
transplant and affects 3 tissues: Skin, gut and liver and 
may be accompanied by fever. The severity is graded 
based on the extent of skin involvement, degree of jaundice 
and severity of diarrhea. Chronic GVHD develops later 
than 100 days after transplant and often follows acute 
GVHD, but may also develop de novo. Clinically, 
resembles autoimmune disorders like scleroderma with 
skin rash, sicca complex, sclerosing bronchiolitis an 
hepatic dysfunction. The mortality varies from 20-40%. 
Management is with immunosuppressive agents. 


Autologous Stem Cell Transplantation 


Autologous bone marrow or peripheral blood stem cell 
transplantation is a procedure similar to allogeneic bon 
marrow transplant, the major difference being that He 
patient's own stem cells are used for engraftment. *” 
concept of performing autologous stem cell transplant 
to permit administration of very high doses of chemo” 
radiotherapy which would otherwise be fatal, due ve 
severe myelosuppression. First the patient's marrow ° 
stem cells are collected prior to chemotherapy, they ae 
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Peripheral blood stem cell transplantations (PBSCT) 
have Virtually replaced bone marrow for autologous stem 
eli transplantation. Engraftment takes place more rapidly 
when peripheral stem cells are used instead of bone 
marrow cells The advantage of autologous transplant over 
allogeneic transplant is that there is no graft versus host 
disease, and once engraftment occurs then graft rejection 
is unlikely. 


Peripheral Blood Stem Cell Transplantion (PBSCT) 


The procedure is similar to bone marrow transplant except 
for ditterences in the method of collection of stem cells 
and slight changes in the engraftment potential. Peripheral 
blood contains 0.1% stem cells; this number is increased 
by administration of colony-stimulating factors. For 
allogenic PBSCT, administration of G-CSF for 4-5 days 
results in higher number of circulating stem cells, which 
can be collected by apheresis. The donor is spared the pain 
of marrow aspiration. For autologous PBSCT, stem cells 
are collected similarly, but chemotherapy is given prior 
to the harvest to reduce tumor contamination and yield 
higher proportion of stem cells. 


Cord Blood Stem Cell Transplantation 


Placental blood, which is routinely discarded in clinical 
practice, is a rich source for allogeneic hematopoietic stem 
cells. The main limitation of cord blood transplants is the 
limited number of nucleated cells available in a single unit. 
As compared to bone marrow transplantation, the time 
for engraftment in cord blood transplantation is much 
longer, taking a month for neutrophil engraftment and 
>50 days for platelet engraftment. There is also a higher 
incidence of non-engraftment, leading to high morbidity 
and mortality. The main advantage is a lower incidence 
and severity of GVHD. 
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DISORDERS OF HEMOSTASIS AND THROMBOSIS 





Approach to a Bleeding Child 


An important initial step is to stabilize the bleeding patient. 
Assessment of vitals provides a clue to the severity of the 


disorder and magnitude of blood loss, Administration of 
replacement fluids / blood Is necessary. Following this, the 
child should be evaluated for the etiology of bleeding, 
Which may be due to platelets (Tables 13.14 and 13.15), 
coagulation defects (Table 13,16) or dysfunctional 
fibrinolysis, Clinical assessment (including type of 
bleeding and antecedent events) and results of initial 
screening help to rapidly identify the cause, and enable 
specific management. 


Table 13.14: Causes of thrombocytopenia sd 
Idiopathic thrombocytopenic purpura 


Infections: Disseminated Intravascular coagulation, malaria, 
kala-azar, dengue hemorrhagic fever, hepatitis B and C, HIV, 
congenital (TORCH) Infections, Infection associated 
hemophagocytosis syndrome 

Medications: Valproate, penicillins, heparin, quinine, digoxin 
Thrombotic microangiopathy: Thrombotic thrombocytopenic 
purpura; hemolytic uremic syndrome 

Malignancies: Leukemia, lymphoma, neuroblastoma 
Autoimmune or related disorders: Systemic lupus 
erythematosus, Evans syndrome, antiphospholipid syndrome, 
neonatal immune thrombocytopenia 

Immunodeficiency. Wiskott-Aldrich syndrome, HIV/AIDS 
Bone marrow. failure: Thrombocytopenia with absent radii, 
Fanconi anemia, Shwachman-Diamond syndrome 

Marrow replacement. Osteopetrosis, Gaucher disease 


Others: Hypersplenism, Kasabach-Merritt syndrome 


Table 13.15: Qualitative disorders of platelet function 
Inherited disorders 
Glanzmann thrombasthenla (GP Ib deficiency) 
Bernard-Soulier syndrome (GP IIb-Illa deficiency) 
Gray platelet syndrome 
Dense body deficiency 
Acquired disorders 
Medications 
Chronic renal failure 
Cardiopulmonary bypass 


Table 13.16: Common coagulation disorders 
Inherited disorders 
Hemophilia A and B 
von Willebrand disease 
Specific factor deficiencies 
Factor VIl, X, XIll deficiency 
Afibrinogenemia 
Acquired disorders 
Liver disease 
Vitamin K deficiency 
Warfarin overdose 
Disseminated intravascular coagulation 


7 


fh 





Wi 348 | 





Pathogenesis 


The process of hemostasis is divided into cellular and fluid 
phases. The former involves platelets and the vascular 
wall, while the latter involves plasma proteins. The 
physiology of hemostasis is complex, involving a fine 
balance between flow of blood and local responses to 
vascular injury. The fluid phase is divided into three 
processes: (i) multiple-step zymogen pathway that leads 
to thrombin generation, (ii) thrombin-induced formation 
of fibrin clot, and (iii) complex fibrinolytic mechanisms 
that limit clot propagation. 

The physiology of hemostasis includes the generation 
of insoluble fibrin and activation of platelets to form a 
hemostatic plug. Pro- and anticoagulant pathways, 
platelet number and their function, and vascular factors 
control this process. The coagulation cascade is often 
depicted as involving two pathways: Intrinsic and 
extrinsic. The extrinsic pathway, the primary initiating 
pathway for coagulation, is measured by prothrombin 
time (PT). The intrinsic system that works as a regulatory 
amplification loop is assessed by activated partial 
thromboplastin time (aPTT) (Fig. 13.12). 


Clinical Evaluation 


The age at onset of bleeding, type and sites of bleeding 
(mucosal, skin, deep in joints or muscle), spontaneous or 
after intervention (dental extraction, surgery, circumcision), 
duration, frequency and the measures required for control 
assist in defining the etiology (Table 13.17). In case of 
recent onset bleeding, history of antecedent infections, 
rash (Henoch-Schonlein purpura, varicella), and 
preceding icterus, diarrhea or dysentery needs to be 
elicited. Important medications that may commonly cause 
bleeding are anticonvulsants, penicillin, warfarin, aspirin, 
non-steroidal anti-inflammatory drugs and heparin. 
History of blood transfusions helps assess the severity of 
bleeding. Family history is important; documentation of 
sex of affected members and details of bleeding 
manifestations is done. The pedigree should include the 
sex of any stillborn or dead children as well. An illness 
limited to boys suggest an X-linked disorder (e.g. 


Platelet disorders 
Site of bleeding 


Petechiae 

Ecchymoses 

Hemarthrosis, muscle bleeding 
Bleeding after minor trauma 
Bleeding after surgery 
Example 


Yes 

Small, superficial 
Extremely rare 

Yes 

Immediate; usually mild 
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Fig. 13.12: In vivo coagulation cascade 


hemophilia), females with bleeding conditions are seen 
in autosomal dominant conditions (von Willebrand 
disease). Specific types of bleeding may assist in diagnosis, 
e.g. poor wound healing and prolonged blecding from 
the umbilical stump suggests factor XIII deficiency. 

An examination is done, noting the anemia, fading and 
new ecchymoses (Fig. 13.13). The presence of petvchiae, 
vascular malformations and rashes ig documented. 
Splenomegaly suggests infections, malignancy, collagen 
vascular disorders or hypersplenism rather than a primary 
bleeding defect. Rashes may be seen duc to petechia«, post 
drug exposure, infections, collagen vascular divurders, 
Langerhans cell histiocytosis and Wiskott-“Jdrich 
syndrome. The mouth and nose are examined for local 
causes of bleeding, Hemangiomas and telangiectasias lead 
to mucocutaneous bleeding in Kasabach-Merritt 
syndrome and hereditary telangiectasia. 


~~" "Table 13.17: Differences in bleeding patterns between platelet disorders and coagulation disorders 


Coagulation disorder 
Soft tissues, joints, muscles (deep bleeds) 


No 

Large, deep 
Common 
No 


Delayed (1-2 days); often severe 
Hemophilia 


Hematological Disorders 





Fig. 13.13: Large ecchymotic patch on the upper limb of a 
young girl with von Willebrand disease 


Laboratory Investigations 


A hemogram is done for platelet count, morphology of 
platelets and red cells, and screen for microangiopathic 
hemolysis. The peripheral smear is made from a fresh 
finger stick, avoiding artefactual errors due to EDTA 
anticoagulation. Initial screening tests are PT and aPTT 
(Fig. 13.14). Specific factor assays are done to identify and 
grade factor deficiencies. The aPTT is used for monitoring 
heparin therapy; PT and ratio of PT to an international 
normalized standard (INR) are used to assess therapeutic 
warfarin affect. 

Bleeding time is rarely used due to the problems of 
reproducibility and reliability. This test is abnormal if the 
platelet count is below 100,000/pL (Table 13.14). In systemic 
vasculitic disorders (Henoch-Schénlein purpura) and 
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connective tissue defects (Ehlers-Danlos syndrome), the 
bleeding time is also prolonged (Table 13.18). Bleeding 
time is largely being replaced by platelet aggregation 
studies for inherited and acquired platelet dysfunctions. 
For evaluation of von Willebrand disease (vWD), the tests 
required are: vW cofactor and antigen assays, factor VIII 
assay, ABO blood group (vW antigen levels vary with 
blood group) and electrophoretic analysis of vW 
multimers. Sick patients require evaluation for 
disseminated intravascular coagulopathy. 


suggested Reading 


¢ Clinical and laboratory approach to the patient with bleeding. In: 
Nathan and Oski's Hematology of Infancy and Childhood, 6th edn. 
Nathan DG, Orkin SH, Ginsburg D, Look AT. Lusher JM, eds. WB 
Saunders: Philadelphia; pp 1515-1526. 


Idiopathic Thrombocytopenic Purpura (ITP) 


ITP continues to carry its acronym, although the condition 
is no longer idiopathic, and is considered to have an 
immune basis. This is the commonest bleeding disorder 
presenting in children between 1 and 7 years of age. It is 
important to correctly diagnose this entity and differentiate 
it from other ominous conditions. Thrombocytopenia 
lasting less than 6 months is termed acute, and greater 
than 6 months is termed chronic. The majority of children 
(60-75%) are likely to have acute ITP that resolves within 
2-4 months of diagnosis, regardless of therapy. 


Pathogenesis 


Normal platelet counts vary between 150 and 400 x 10?/mm? 
in children above one week of age. ITP is believed to have 
an immune pathogenesis, against the platelet glycoprotein 
IIb/IIIa complex. Platelets with surface antibodies are 
trapped in the spleen, and removed by macrophages. The 
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Fig. 13.14: Work-up In a child with bleeding 
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"Table 12.18 Vascular causes of bleeding | 


Benoct~Schinisin purpuret 

Vasculitis in systemyc lugus erythematosus 
Eniers-Danies syndrome 

Scurvy 

Froionged steroid use; Cushing disease 
Hereditary hemorrhagic telangiectasia 


pathogenesis af these antibodies is not known. The 
antibodies may be directed towards viral antigens, which 
then cross-react with platelet antigens. Recent data 
describes a TH! dominant proinflammatory cytokine 
State. While increased megakarvocyte number in the bone 
merrow is the hallmark of immune-mediated platelet 
destruction, a relative decrease in megakaryocyte 
production due to specific anti-platelet autoantibodies is 
also implicated in the pathogenesis. 
Cinice’ Evatuarion 
There is often an antecedent history of febrile illness, but 
the child on presentation is afebrile. There is a seasonal 
clustering of cases, more frequent during change of 
seasons. Children present with a sudden appearance of 
bruises and mucosal bleeding: Epistaxis, oral oozing and 
prolonged bleeds with superficial trauma. It is important 
to estimate the duration of symptoms, and confirm if this 
is the initial episode or if there have been prior events, as 
in the chronic ITP. The patient is examined for features of 
marrow failure (Fanconi anemia: Hypoplastic or absent 
thumb, short stature and hyperpigmentation; thrombo- 
cytopenia with absent radii) and large hemangiomas. 
Bleeding is mild unless the platelet counts are below 
20,000/pL. With counts from 20,000-50,000/ tL, petechiae 
and ecchymoses are observed following mild trauma. The 
presence of splenomegaly or lymphadenopathy should 
raise suspicion of infection, malignancy or collagen 
vascular disorder, rather than ITP. Hypersplenism and 
hepatitis C may also cause thrombocytopenia. 


Laboratory Evaluation 


Complete blood count shows that only the platelet count 
is diminished; other hematological parameters are normal. 
A peripheral smear will help screen for abnormal cells 
such as blasts, malarial parasites, estimate the platelet 
count, and exclude spurious thrombocytopenia. It will also 
help to assess platelet size: Larger platelets are young and 
an indicator of platelet production. Liver and renal 
function tests and lactic dehydrogenase is done to rule 
out the possibility of hepatitis, occult malignancy, 
hemolysis and hemolytic uremic syndrome. If the child is 
febrile and ill, then appropriate evaluation is required; this 
includes chest X-ray, blood culture, tests for malaria or 
dengue serology. Screening tests for disseminated 
intravascular coagulopathy should be done, if sepsis is 
suspected. A bone marrow will show increased 
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Management 


Platelet transfusions need to be avoided. Minimizing the 


orrhage and decreasing the long-term > de 
ass of seta? are the goals of fang 26 In a child 
with a few scattered petechiae or eae Platelet coun, 
above 20,000/pL and no bleeding, only c ose observation 
is required. For children with bleeding, treatmen; 
includes intravenous immunoglobulin (IVIG) 1 g/kg 
day for 1-2 days; or anti-D immunoglobulin 0-75 mg/ 
kg only in Rh positive children. Steroids are administereq 
after hematological malignancy is excluded. 
Dexamethasone 20 mg/ m7? (total dose) for 4 days every 
three weeks for 4-6 courses, OF prednisone 1-2 mg /kg/ 
day for 2-3 weeks or 4 mg/kg /day for 7 days and then 
tapered have been used. If serious hemorrhage occurs, 
platelet transfusions may be used under cover of steroids, 
Therapeutic options for chronic ITP include alternate day 
low dose steroids, splenectomy and various combinations 
of danazol, vincristine, cyclosporine, azathioprine or 
rituximab. 


Suggested Reading 


* Nugent D. ASH education book 2006. www.asheducation 
book.org/cgi/reprint/2006/1/97/pdf. 

* Sharma SK, Gupta N, Seth T, Srinivas M, Mishra P, Mahapatra M. 
Successful management of refractory chronic immune 
thrombocytopenia with intracranial hemorrhage by emergency 
splenectomy. Indian J Pediatr 2012; 79: 397-399. 


Neonatal Alloimmune Thrombocytopenia 


Thrombocytopenia in the neonate has varied causes; a sick 
newborn may have sepsis, meconium aspiration, and 
TORCH infection. In a well looking infant, the causes may 
be medications taken by the mother or immunologic 
causes like maternal lupus erythematosus or neonatal 
alloimmune thrombocytopenia. In neonatal alloimmune 
thrombocytopenia, the fetal platelets are destroyed by 
passage of maternal antibodies against paternally 
inherited antigens present on fetal platelets. Many platelet 
antigens, like HPA-1a and HPA-5b, have been identified. 
No prior pregnancy is required to sensitize the mother 
hence 50% of cases may occur with the first pregnancy: A 
high index of suspicion is required, since the entity ca” 
result in intracranial hemorrhage. As there are a few 
specific tests for its diagnosis, it is primarily a diagnosis 
of exclusion. Postnatal management requires transfusion 
of washed, maternal platelets (irradiated, if facilities at 
available) and monitoring until platelet counts normalize. 
The risk for neonatal alloimmune thrombocytope™4 
increases in subsequent pregnancies. The fetus might ne 
serial ultrasound examinations to screen for intracrat4 
hemorrhage. The mother may receive therapy with 
immunoglobulin (IVIG 1 g/ kg repeated every 4-monthly) 
and oral dexamethasone. 


Hematological Disorders 


Hemophilia 


Hemophilias are the commonest hereditary clotting 
deficiency. They are X-linked recessive disorders. 
Hemophilia A is due to factor VIII deficiency and 
hemophilia B is due to insufficient factor IX. The clinical 
features of hemophilia A and B are indistinguishable. The 
presentation depends on the level of factor present. In mild 
cases the factor level is enough to prevent minor 
spontaneous bleeds and the children only manifest, if they 
have surgery or severe trauma. In severe cases where 
factor levels are less than 1%, repeated, spontaneous, 
debilitating joint bleeds (Fig. 13.15) lead to severe handicap 
and intracranial bleeds can be life-threatening. Treatment 
requires appropriate factor replacement, judicious 
physiotherapy to prevent chronic joint disease, counseling 
for injury prevention and monitoring for inhibitor 
development. Children with hemophilia should be 
managed in centers equipped for their special needs. 
Replacement therapy for children with hemophilia with 
concentrates of factor VIII or IX is available and 
recommended. As FFP is frozen, it retains all factors at 
their hemostatic levels including the labile factors V and 
Vil. Each unit of factor VIII/kg increases the level by 1%. 
To achieve a target of 30% factor VIII, required for 
management of most hemarthroses, a dose of 15 U/kg 
every 12-24 hours for 1-2 days is required. In a major 
bleed, e.g. intracranial hemorrhage, the target factor level 
is 80-100% correction; the dose needed to achieve this is 
40-50 U/kg every 8-12 hours for 7-14 days. Lower doses 
can be used in case of financial constraints, as some factor 
support is better than no factor replacement. Aminocaproic 
acid (Amicar) and tranexamic acid are effective adjunct 
therapy in mild hemophilia. The principles of therapy of 
hemophilia B are similar, except that factor IX is used for 
replacement and 1-unit of factor IX/kg raises factor level 
by 2%. In emergencies when factor IX is unavailable, only 
FFP is used as cryoprecipitate does not contain factor IX. 
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Fig. 13.15: Child with hemophilia with knee hemarhrosls with 
Severe palin and signs of inflammation 


Primary prophylaxis is a better mode of management. 
Patients with severe hemophilia (<1% measurable level), 
are given factor replacement 2-3 times a week to reduce 
the risk of bleeds, enable more activity and less 
deformities. All children should receive hepatitis B 
immunizations, vaccines can be given by the subcutaneous 
route and the parents should be counseled regarding 
injury prevention. Genetic counseling is required and 
families should be informed of the availability of prenatal 
diagnosis. Evaluation for development of inhibitors is 
essential during first 30 exposure days. 


Suggested Reading 


* Roberts HA, Escobar M, White II GC. Hemophilia A and 
hemophilia B. In: Williams Hematology, 7th edn. Lichtman, Beutler, 
Kipps, Seligsohn, Kauchansky, Prchal, eds. McGraw-Hill: New 
York 2006; pp 1867-86. 


Vitamin K Deficiency 


Phytomenadione or vitamin K, is an essential lipid-soluble 
vitamin that plays vital role in the production of vitamin 
K dependent coagulation factors. These are factors II 
(prothrombin), VII, IX, X, protein C and S. Vitamin K is 
found in green leafy vegetables, oils such as soybean and 
canola and is synthesized by the colonic bacteria. 
Deficiency frequently occurs in newborns due to the low 
transmission of vitamin K across the placenta, paucity in 
the breast milk, sterile intestines and a premature liver. 
Classic vitamin K deficiency bleeding occurs in 0.25-1.7% 
of infants. The prevalence of late vitamin K deficiency 
bleeding in breastfed infants without prophylaxis is 20 
cases per 100,000 live births. Later in life, vitamin K 
deficiency occurs due to antibiotic use, parenchymal liver 
disease, prolonged total parenteral nutrition and 
malabsorption. Deficiency of vitamin K dependent factors 
leads to a prolonged prothrombin (PT) and activated 
partial thromboplastin time (PTT). Precise diagnosis is 
made by assay of proteins in vitamin K absence (PIVKA). 

For prophylaxis against hemorrhagic disease of the 
newborn, administration of vitamin K as a single 
subcutaneous dose of 1 mg of vitamin K is required. In 
treatment of babies who did not receive prophylaxis or 
suffer from anticoagulant overdose, larger doses of 
vitamin K (2-10 mg) can be given and repeated till 
coagulation studies are normal. Fresh frozen plasma can 
be used, if there is overt bleeding, or liver dysfunction is 
suspected. Prophylaxis with vitamin K is safe and fears 
of leukemia are unsubstantiated. 


Suggested Reading 


* Controversies concerning vitamin K and newborn. American 
Academy of Pediatrics Committee on Fetus and Newborn. 
Pediatrics 2003; 112; 191-2. 


Disseminated Intravascular Coagulopathy (DIC) 


DIC is an acquired disorder of dysregulation of hemostasis. 
The presentation ranges from isolated derangement of 
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laboratory parameters to bleeding from multiple sites, 
with high mortality. DIC is triggered by a variety of 
conditions all of which result in activation of the clotting 
cascade, deposition of fibrin in the microcirculation and 
consumption of platelets and clotting factors. The 
diagnosis of DIC is clinical (Fig. 13.16); laboratory tests 
provide confirmatory evidence. 


Pathophysiology 


Three chief pathologic processes are involved. 

i. Initiation of fibrin deposition: Thrombin generation 
in DIC is mediated by the extrinsic (tissue factor) 
pathway. The tissue factor accumulates on activated 
platelets by binding to platelet P-selectin which results 
in thrombin generation. 

ii. Amplification role of thrombin: Thrombin generated 
amplifies inflammation and clotting by activation of 
platelets, activation of factors V, VIII and IX leading to 
more thrombin production. Activated factor XIII leads 
to it cross-linking with fibrin clots making them 
insoluble, while thrombin activable fibrinolysis 
inhibitor makes these clots resistant to fibrinolysis. 

iii. Propagation of fibrin deposition: Fibrinolysis is 
suppressed secondary to increase in plasma levels of 
plasminogen-activator inhibitor-1 (PAI-1). 

Following injury, infection or other precipitating 
factors, there is release of cytokines (TNF-a, IL-1, IL-6) 
that changes the endothelium from an anticoagulant to a 
procoagulant surface and interferes with fibrinolysis. 
Effects of DIC, like hypotension or acute lung injury, are 
due to these cytokines. As DIC continues, fibrinogen, 
prothrombin, platelets and other clotting factors are 
consumed beyond the capacity of the body to compensate 
and bleeding ensues. Activated protein C has anti- 
inflammatory effect, downregulates tissue factor and 
decreases calcium ion flux. 
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Fig. 13.16: An Ill child with disseminated Intravascular 


coagulation shows ecchymoses, purpura and subconjunctival 
hemorrhage 
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Causes 
The main groups of illnesses causing DIC are: Infection, 
« 


malignancy, tissue necrosis, ABO ete blogg 
transfusion and snakebites (Table 13, : ) cute DIC is the 
most common form; bleeding manifestations Predominate 
and the patient is critically ill Chronic DIC OCCUTS due fy 
a weak or intermittent activating stimulus, C.8. plant 
hemangiomas, certain vasculitic disorders and in somo 


solid tumors. 


Laboratory Features 

Screening tests: Peripheral blood film examination and 
hemogram reveal schistocytes and thrombocytopenia, 
Prothrombin time, activated partial thromboplastin time 
and thrombin timeare prolonged, and fibrinogen level is low, 


Supportive tests: Increase in fibrin degradation products 
or D-dimers are characteristic. A 50% fall in platelets and 
fibrinogen level are most sensitive in making a laboratory 
diagnosis. A DIC scoring system is proposed by the 
International Society on Thrombosis and Hemostasis 
(Table 13.20). An underlying disorder known to be 
associated with DIC is a prerequisite for the use of this 
algorithm; score of >5 is significant. 


| Table 13.19: Disorders which cause disseminated 
intravascular coagulopathy (DIC) 


Acute DIC Chronic DIC 
Medical conditions 

Septicemia or infections” Solid tumors 
Fulminant hepatic failure Kasabach-Merritt 
Heat stroke, hyperpyrexia syndrome 


Severe burns Liver cirrhosis 
Acute promyelocytic 

leukemia, neuroblastoma 

Snakebite 


Collagen vascular disorders 
Surgical conditions 


Severe trauma—crush Injury, 
multiple fractures with fat 
emboli 

Major operations 

Severe renal allograft rejection 


Vascular tumors 
Aortic aneurysm 


latrogenic 


Hemolytic transfusion 
reaction; massive transfusion 
Heparin-induced thrombosis 


Artificial surfaces 


*Include the following infections: 

Bacterial: Meningococcus, gram-negative bacteria, group 9 
Streptococus 

Viral: Arboviruses, varicella, variola, rubella, paramyxo- viruses, HIV, 
Ebola virus 

Parasitic. Malaria 

Mycotic: Candida, Aspergillus 

Rickettsial: Rocky Mountain spotted faver 


a 
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p) “Table 13.20: Algorithm for diagnosis of disseminated +~—«‘ Treatment 


| intravascular coagulation (DIC) using the DIC score = | —s«‘Treatment of underlying cause and general care: The 
Risk assessment underlying disease must be managed appropriately (e.g. 
Does the patient have an underlying disorder known to be with use of antibiotics and anti-snake venom, as required). 
associated with disseminated intravascular coagulopathy? (If Tissue perfusion and respiratory function must be 
yes, proceed. If no, do not use this algorithm). maintained by IV fluids and oxygen support, respectively. 


Order global coagulation tests DIC may be compounded by vitamin K deficiency. 
Lannsh pita douse Soluble: mipen Hemostatic support (replacement therapy): In patients 
Score test results with low levels of platelets, fibrinogen and other clotting 
(a) Platelet count >100,000/mm3 Score factors, replacement of deficient components is useful. 
50,000—1 00,000/mm:3 : Replacement therapy is not indicated, if there is no clinical 
<50,000/mm? bleeding and if no invasive procedures are planned. 
st Monitoring is essential for guiding management and 
(°) pee ee pitihealsr ten sal checking eee of wenlacements The different blood 
No increase prngEes) 5 components available are fresh frozen plasma (FFP), 
Moderate increase 5 cryoprecipitate, platelet concentrates and packed red cells 


Strong increase 3 (T able 13,21). The initial doses given are merely guidelines, 
required doses depend on rate and degree of consumption. 


th bin ti 
(c) Protnromoin time Replacement therapy is halted when stabilization in 





a ne es ; platelet counts, fibrinogen levels and a fall in fibrin 
$6 set 3 degradation products are observed. 

(d) Fibrinogen level Heparin therapy: For a patient who is actively bleeding, 
>1 g/L 0 heparin aggravates the bleeding. In most cases of acute 
<1 g/L 1 DIC (>95% patients), heparin therapy is not useful. 

Calculate score Heparin is recommended only in a minority of patients 

Score 25: Compatible with overt DIC; repeat daily with arterial or large vessel venous thrombosis. Careful 

Score <5: Suggestive of non-overt DIC; repeat in 1-2 days monitoring of platelet counts, fibrinogen levels and PT, 

* Values of D-dimer above the upper limit of normal are moderately aPTT and TT is necessary. 

elevated; values above 5 times the upper limit of normal are strongly 

Increased. 

Table 13.21: Types of blood component therapy, their constituents and guidelines for use o 

Component Constituents Indication Dose Precautions 

Fresh frozen All coagulation factors as Coagulation factor 15 mL/kg or 1 bag per Infuse soon after thawing; need 

plasma (FFP) in normal plasma; contains deficiencies with pro- 10 kg (constitutes ABO compatible units; may 

0.7-1.0 U/mL of longed prothrombin 25-30% replacement cause fluid overload 
factors II, V, VII, VIII, 1X, time; thrombotic therapy for coagulation 
X, XI, XII, XI and thrombocytopenic factors) 
2.5 mg/mL fibrinogen purpura 
Cryoprecipitate Fibrinogen 150 mg/bag, Fibrinogen deficiency 1 bag per 5 kg will raise 
factor VII| 80-120 units/ or consumption; factor fibrinogen levels by 
bag, factor XIIl and vWD Vill deficiency (hemo- 70 mo/dL 
(does not contain factor philia A), vWD disease; 
IX) factor XIII deficiency 
Random donor ‘Platelets; 25.5 x 10'° Thrombocytopenia One unit raises platelet Infuse rapidly; do NOT 
Platelets (RDP) platelets per bag counts by 5000—10,000/ refrigerate prior to transfusion 
mm*; 1 unit every 
10 kg raises counts 
by 30,000-50,000/mm? 
Single donor Platelets; contains atleast | Thrombocytopenia One collection is equi- Precautions as above 
Platelets (SDP) 3x 10''platelets valent to approxi- 


mately 6 units of 
random platelets 


Fresh blood All components of blood To replace acute and Only to be used in Not a good source for platelets 
massive blood loss severe trauma or coagulation factors 


ee 3 | 





Novel therapies: Supplementation with activated protein 
C has shown promise in critically ill patients. High-dose 
therapy with antithrombin III has shown benefit in some 
neonatal studies. 


Suggested Reading 


¢ BCSH Secretary, British Society for Hematology. Guidelines for 
diagnosis and management of disseminated intravascular 
coagulation. Br J Haematol 2009; 145: 24-33. 


THROMBOTIC DISORDERS 


The incidence of thrombosis is lower in children than 
adults; thrombosis related morbidity is, however, 
significant. Children till 6-month-old have lower levels of 
the vitamin K dependent coagulation factors II, IX, and X, 
compared to adults. Levels of thrombin inhibitors, such 
as antithrombin and heparin cofactor II, plasminogen, 
protein C and S$ are low at birth. Protein S levels approach 
adult values by the age of 3-6 months, but protein C levels 
are low even into childhood. Thrombin generation is 
decreased (low prothrombin levels) and delayed in 
newborns compared to adults. The incidence of 
thrombosis is highest in infants and in adolescence. 


Clinical Evaluation 


Conditions associated with arterial thrombosis include 
congenital heart disease, recent cardiac catheterization, 
fever, recent surgery, trauma, central venous catheter use, 
and underlying nephrotic syndrome, collagen vascular 
disease and dehydration (Table 13.22). The age at which 
thrombosis occurred and type of thrombosis (deep vein, 
arterial or stroke) should be documented, 


Table 13.22: Factors which increase risk of 
thrombosis in children 


Acquired conditions 

Infections: Viral, bacterial sepsis 
Disseminated intravascular coagulation 
Dehydration 

Central venous catheter 

Surgery, trauma 

Cyanotic congenital heart disease 

Antiphospholipid antibody syndrome 

Acute lymphoblastic leukemia; therapy (L-asparaginase and 
steroids) 

Nephrotic syndrome 


inherited prothrombotic disorders 


Resistance to activated protein C 
Factor V Leiden 

Protein C deficiency 

Protein S deficiency 

Antithrombin deficiency 

Prothrombin gene G20210A mutation 
Elevated lipoprotein (a) level 
Hyperhomocysteinemia 
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due to deep vein thrombosis include ‘ 
f the limb; erythema and tenderness on ae 
dorsiflexion (Homan sign) may be seen. Pulmonary 
embolism may present with anxiety, breathlessnes, 
pleuritic chest pain, fever and cough. Symptoms of central 
nervous system thrombosis include headache, vomitin 
lethargy, seizures, focal weakness or hemiplegia, Str okes 
may occur in utero; the newborn may then Present with 
seizures and lethargy. Precipitating factors like infection, 
dehydration and trauma are common. Patients with renal 
yein thrombosis show flank pain and hematuria, Signs of 
arterial thrombosis include diminished Or absent 
peripheral pulses and cool extremities. 


Symptoms 
and swelling 0 


Laboratory Evaluation 


Since clotting factors are consumed in an acute thrombosis, 
their low level may be the result of the pre-existing 
thrombosis. The child should be evaluated to rule out DIC 
with complete blood count, peripheral smear, D-dimer, 
prothrombin time (PT), activated partial thromboplastin 
time (aPTT) and fibrinogen level. 

Imaging studies include: (i) Color Doppler imaging. 
Signals are absent in thrombosed vessels and the lumen 
cannot be compressed with direct pressure. However, 
this may not be sufficiently sensitive to detect thrombosis 
in vessels such as subclavian veins, superior vena cava 
or brachiocephalic veins; (ii) Echocardiography. This is 
useful for vena cava and proximal subclavian vein 
thrombosis; (iii) Computerized tomography. Useful for 
detecting venous sinus thrombosis; however, both MRI 
and MRA are better at detecting early arterial ischemic 
strokes; (iv) Chest radiography. Reveal findings of 
pulmonary embolism which include small pleural 
effusions with wedge-shaped pleural-based opacity of 
pulmonary infarction; (v) Ventilation-perfusion (V/Q) 
scan. Sensitive procedure for detecting pulmonary 
embolism. 


Management 


Urgent stabilization is required. If respiratory distress OF 
neurological problems exist, management in an intensive 
care unit is required. If possible, screening tests for 
hypercoagulable state should be sent prior to initiating 
anticoagulation therapy. Children with lower extremly 
deep vein thrombosis can be fitted for compressiom 
stockings. Initial therapy requires heparin (unfractionated, 
low molecular weight) followed by oral warfarin therapy: 
While underdosing hampers resolution of the thrombus, 
close monitoring is required to prevent overdose and 15 

of bleeding. The international normalized ratio (INR), 
which is PT of patient compared to an internation@ 
standard, is kept in the therapeutic range ~2-3: The 
duration of therapy depends on the risk of recurrence 
this can be assessed by testing for thrombophilia stat 
best done 3 months after the event and after stoppin 
anticoagulants. 
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recurrent Thrombosis 


children with no adverse genetic factors have ~5% 
recurrence rate; the risk is higher with single risk factor 
(17.6%) and with two or more risk factors (~50%). 
Recurrent thrombosis can be due to inadequate 
anticoagulation therapy. 


suggested Reading 


e Tormene D, Gavasso S, Rossetto V, Simioni P. Thrombosis and 


thrombophilia in children: a systematic review. Semin Thromb 
Hemost 2006; 32: 724-8 


« Seth T, Thrombosis in neonates and children. Eastern ] Med 2009; 
14: 36-45 


DISORDERS OF WHITE BLOOD CELLS 


Evaluation of quantitative and qualitative changes in 
lymphocytes and myeloid series will help diagnose many 
infectious, immunologic, malignant and even endocrine 
disorders. A detailed history and examination that provides 
information regarding onset, duration, fever, rashes, 
lymphadenopathy and organomegaly must be obtained. 

Quantitative changes (more than +2 SD) in counts are 
the most frequent anomaly on a report. The percentage 
increase over normal range is important, very high counts 
are indicative of leukemoid reaction or leukemia. Absolute 
count is rarely required, e.g. absolute eosinophil count 
(AEC) for hypereosinophilic syndromes and absolute 
neutrophil count for degree of marrow suppression. The 
morphology of cells may reveal abnormal size, 
immaturity, nuclear-cytoplasmic ratio, inclusions and 
abnormal granules. Howell-Jolly bodies are found in cases 
of absent splenic function (asplenia, post-splenectomy), 
toxic granulations and left shift suggests sepsis, Epstein- 
Barr virus infection results in large monocytoid cells 
(confused as blasts in peripheral smear). 


Leukocytosis 


Neutrophils: Chief causes include acute bacterial 
infections, blood loss, hemolysis and diabetic ketoacidosis 
(Table 13.23). Leukocyte alkaline phosphatase (LAP) is an 
enzyme in mature neutrophils that stains blue when 
Positive. LAP is increased in infections and leukemoid 
reaction (very high leukocyte response to infection; may 
be confused with leukemia). In chronic myeloid leukemia 
the neutrophils are LAP deficient, and score is low 
Compared to normal. 


Monocytosis: Monocytes are circulating tissue macrophage 
Precursors, These cells migrate to different tissues and 
ansform into macrophages, e.g. Kupffer cells in liver. 
€se cells are important for ingestion and killing of many 
Pathogenic bacteria and parasites, e.g. M. tuberculosis, 
“stmania. Monocytes are the first granulocytic cells to 
cover in post-chemotherapy states when leukocyte 
cee recover. Abnormality of macrophage activation 
"ads to disorders like familial hemophagocytic syndrome. 
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Table 13.23: Common causes of neutrophilia 
Acute 
Acute bacterial Infections 
Epinephrine, corticosteroids, granulocyte colony-stimulating 
factor 
Hemorrhage; hemolysis 
Hypoxia 
Trauma, burns, exercise, heat stroke 
Renal failure, diabetic ketoacidosis, hepatic failure 
Hodgkin lymphoma 


Chronic 


Chronic myeloid leukemia 
Rheumatological and inflammatory diseases 
Hemolytic anemias; sickle cell anemia 
Post-splenectomy 

Chronic blood loss 

Thyrotoxicosis 

Chronic idiopathic neutrophilia 
Genetic causes or syndromes 

Down syndrome 

Asplenia 

Leukocyte adhesion defects 


Langerhans cell histiocytosis is a clonal proliferative 
disorder of histiocytes. 


Basophilia: Basophilia usually occurs due to hyper- 
sensitivity reactions, but can be found in many other 
disorders such as chronic myeloid leukemia, Hodgkin 
lymphoma, varicella infection, nephrotic syndrome, 
hypothyroidism and use of antithyroid medications. 


Eosinophilia: This occurs in allergic disorders (atopic 
dermatitis, asthma), systemic inflammatory conditions 
(inflammatory bowel disease, rheumatoid arthritis) and 
malignancies (Hodgkin lymphoma). Parasites which 
invade tissue (Toxocara spp. that causes visceral larva 
migrans) are likely to cause eosinophilia (Table 13.24). 
Elevated and sustained eosinophil counts are associated 
with cardiac toxicity. Moderate elevated absolute 
eosinophil count are above 1500-5000 cell/uL and severe 
eosinophilia is >5000 cells/wL. 


Lymphocytosis Lymphocytosis is a feature of many 
pediatric infections (Table 13.25). It is important to 
differentiate reactive from neoplastic lymphocytosis. 





Leukopenia 


Important causes of leukopenia that need to be evaluated 
include: Aplastic anemia, megaloblastic anemia, bone 
marrow replacement or infiltration (malignancy, Gaucher 
disease, osteopetrosis) and hypersplenism. 


Neutropenia: Neutropenia is the presence of neutrophil 
count that is 25D below the normal. Severe neutropenia 
is absolute neutrophil count <500/pL. Neutropenia can 
be due to infections, inflammatory conditions, bone 





Table 13.24: Common causes of eosinophilia 
Acute 
Allergic disorders. Asthma, atopic dermatitis, urticaria, drug 
hypersensitivity, pemphigoid 
Parasite infestations. Toxocara, ascaris, amebiasis, strongy- 
loidiasis, filaria, toxoplasmosis, trichinosis, schistosomiasis, 
malana, scabies 
Fungal infections: Bronchopulmonary aspergillosis, coccidio- 
mycosis 
Malignancy: Hodgkin lymphoma, T cell lymphoma, acute 
myelogenous leukemia, myeloproliferative syndrome 
Hypereosinophilic syndrome 


Chronic 


Allergic disorders: Pemphigus, dermatitis herpetiformis 
Autoimmune disorders: Inflammatory bowel disease, 
rheumatoid arthritis 

Myeloproliferative syndrome, hypereosinophilic syndrome 
Loeffler syndrome 

Immunodeficiency syndromes: Hyper-lgE, Wiskott-Aldrich 
syndrome; Omenn syndrome; graft versus host reaction 
Miscellaneous: Thrombocytopenia with absent radil; renal 
allograft rejection; Addison disease 


Table 13.25: Common causes of lymphocytosis 
Infections: Infectious mononucleosis, infectious hepatitis, 
cytomegalovirus, tuberculosis, pertussis 

Endocrine: Thyrotoxicosis, Addison disease 

Malignancy. Acute lymphoblastic leukemia, lymphoma 


marrow failure, malignancy or its treatment. It can also 
be due to rare metabolic disorders like glycogen storage 
disease type 1b, Shwachman-Diamond syndrome and 
Kostmann syndrome (Table 13.26). 

Lymphopenia: The condition is frequent in inherited 
immunodeficiency syndromes due to decreased production 
of B or T lymphocytes, and in Wiskott-Aldrich syndrome. 
Lymphopenia is also found in acquired immunodeficiency 
syndrome, systemic lupus erythematosus, protein losing 
enteropathy and following treatment with anti-thymocyte 
globulin and corticosteroids. 


Qualitative Defects 


Chediak-Higashi syndrome is identified by characteristic 
giant lysosomes in granulocytes and oculocutaneous 
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Table 13.26: Common causes of neutropenia 


Acute 
Infections: Severe sepsis; tuberculosis, Shigella, brucellosig. 


dengue, varicella, Epstein-Barr virus, cytomegalovirus, HIV. 


kala-azar, malarla; rickettsla 7 
Drugs: Sulfonamides, phenytoin, phenobarbital, Penicillin, 


phenothiazines 
Bone marrow Infiltration: Leukemia, lymphoma, neuroblastoma 


Hypersplenism | 
Chemotherapy: Busulphan, cyclophosphamide, radiation 


Chronic 
Aplastic anemia: Acquired; inherited (Fanconi anemia) 


Autoimmune diseases: Systemic lupus erythematosus, Crohn 
disease, rheumatoid arthritis 

Vitamin B,. or folate deficiency 

Bone marrow infiltration: Myelodysplasia, chronic myelogenous 
leukemia, chronic idiopathic neutropenia 

Paroxysmal nocturnal hemoglobinuria 

Inherited disorders: Cyclic neutropenia; severe congenital 
neutropenia; chronic benign neutropenia; Kostmann syndrome: 
Shwachman-Diamond syndrome; dyskeratosis congenita; 
Chediak-Higashi syndrome; glycogen storage disease type 1B 


Associated with immunodeficiency: Hyper-lgM syndrome; HIV 


chemotaxis leading to increased bacterial infections. In the 
accelerated phase, there is lymphohistiocytic infiltration 
of organs. 


Leukocyte adhesion defect has deficiency of CD11 and CD18 
on the neutrophils, resulting in defects in adhesion, 
chemotaxis and C3bi-mediated phagocytosis. This causes 
delayed umbilical cord separation in the newborm and leads 
to repeated, severe infections and periodontitis later in life. 


Chronic granulomatous disease is an X-linked or rarely 
autosomal recessive defect of the respiratory burst oxidase 
in the granulocytic cells. It results in infections in the lungs, 
skin and gastrointestinal tract due to S. aureus, Aspergillus 
spp., and Serratia marcescens, which lead to deep-seated 
granulomatous lesions. Other immunodeficiencies have 
quantitative defects in T, B or both lymphocyte subsets 
with maturation or functional defects, which may lead to 
life-threatening infections. 
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granulopoiesis, delayed degranulation and defects in 


and Childhood, 7th edn. Eds. Orkin SH, Nathan DG, Ginsburg P 
Look AT, Fisher DE, Lux SE. WB Saunders, Philadelphia, 2009: PP 
1109-1220. 





Otorhinolaryngology 


DISEASES OF THE EAR 


Acute Otitis Media 


Otitis media is a common early childhood morbidity that 
refers to viral or bacterial infection of the ‘middle ear cleft’. 
The middle ear cleft is a term that includes the pneumatic 
spaces of the middle ear cavity medial to the tympanic 
membrane, the attic superiorly, the mastoid antrum 
posterior to the attic, and pneumatized air cells in temporal 
bone that surround the mastoid antrum and extend to the 
petrous apex. Anatomic features that predispose a young 
child to ear infections include a shorter, more horizontal 
and compliant eustachian tube, and bacterial carriage in 
the adenoids. Risk factors include exposure to cigarette 
smoke, overcrowding, bottle feeding, use of pacifier, day 
care center attendance, cleft palate, Down syndrome, 
allergy, immune dysfunction and gastroesophageal reflux. 


Incidence: The peak incidence of acute otitis media in 
childhood is in infancy and decreases with advancing age. 
Acute otitis media is uncommon beyond the age of 7 years. 


Etiology: The most common causative organisms are 
Streptococcus pneumoniae, Haemophilus influenzae and 
Moraxella catarrhalis in ~75% cases; less common pathogens 
include S, pyogenes, S. aureus and Pseudomonas aeruginosa; 
Viruses may be the sole pathogen in 15% of cases. 


Diagnosis: The condition is characterized by rapid onset 
of symptoms such as otalgia or ear tugging, fever, crying 


Age, months Severe symptoms", otorrhea or uncertain access to 
| follow-up 
Unilateral Bilateral 
i Antibiotic therapy Antibiotic therapy 
4 


Antibiotic therapy Antibiotic therapy 


Clinical Practice guideline: Diagnosis and management of acute otitis media. Pediatrics 2013; 131:e964-99 
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and irritability. Older children may report impaired 
hearing. History of recent upper respiratory tract infection 
is common. Otoscopy reveals a red and bulging tympanic 
membrane or perforation of the tympanic membrane with 
otorrhea (opaque, yellow-green or reddish-brown fluid). 
Cleaning of the fluid reveals an intact drum, as the rupture 
is small and closes promptly after spontaneous 
perforation. The diagnosis of otitis media is considered in 
the presence of the following criteria: Rapid onset of 
symptoms, signs of middle ear effusion and signs and 
symptoms of middle ear inflammation. 


Treatment: Antimicrobial therapy is recommended in all 
patients except a few who may qualify for a trial of 
observation (Table 14.1). Amoxicillin is the first choice of 
therapy. Higher doses (80-90 mg/kg/day) are considered 
where streptococcal resistance is endemic. Coamoxiclav, 
cefaclor, cefuroxime and newer generation cephalosporins 
are useful second-line drugs. Macrolides are considered 
in patients allergic to penicillin and/or cephalosporins. 
Antibiotic therapy is continued for at least 7 days. 
Otoscopy should be repeated after 3-4 days and at 
3 weeks. Adjuvant treatment with oral and topical 
decongestant agents is not necessary. Antihistaminic 
agents, which contribute little to resolution of otitis media 


and may precipitate sinus infections by drying mucosal 
secretions, are not recommended. 


‘Table 14.1: Recommendations for initial management for uncomplicated acute otitis media 


No severe symptoms" or otorrhea; 
follow-up assured 


Unilateral 
Treat or observe** 
Treat or observe** 


Bilateral 
Antibiotic therapy 
Treat or observe** 


.. “ude toxic-appearance; otalgia persisting for >48 hours; temperature >39°C (102.2°F) in last 48 hours 
of ©bservation is offered, follow up must be ensured and antibiotics are begun If the child worsens or fails to improve within 48 to 72 hours of onset 


Symptoms 
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made by visualization of keratin debris/flakes in the 
middle ear or pars flaccida. CT temporal bone outlines 
the extent of cholesteatoma in the middle ear and mastoid 
and its intracranial extension, and helps plan the manage- 
ment. 


Treatment: Patients with otitis media and cholesteatoma 
require mastoidectomy and removal of the cholesteatoma. 
The goal of therapy is to create a safe ear by removing the 
cholesteatoma. Hearing restoration is a secondary goal. 


Complications of Otitis Media 


Untreated otitis media may cause serious complications 
that are classified as extracranial or intracranial (Table 14.2). 
Complications of acute otitis media usually occur in young 
children, while complications of chronic otitis with 
cholesteatoma are common in older children. 


Hearing loss is the most common complication of chronic 
otitis media. Hearing loss is usually conductive and results 
from tympanic membrane perforation, ossicular dis- 
continuity and discharge in middle ear. Sensorineural 
hearing loss may occur, either due to cholesteatoma 
eroding the labyrinth or following entry of inflammatory 
toxins or ototoxic ear drops into the inner ear. Bilateral 
hearing loss affects speech and language development and 
school performance. 


Acute coalescent mastoiditis results from spread of 
infection into the mastoid air cells and erosion of bony 
septations. It presents with post-auricular erythema, 
tenderness and edema, with the auricle displaced 
inferiorly and laterally. The entity should be differentiated 
radiologically from fluid effusion within mastoid air cells 
that is commonly associated with acute or chronic otitis 
media and leads to opacification on computed tomo- 
graphy (CT), mistakenly reported as mastoiditis. 
Untreated coalescent mastoiditis may erode the mastoid 
cortex, leading to subperiosteal abscess in postauricular, 
temporal or zygomatic area (Fig. 14.4). The ruptured sub- 
periosteal abscess may track along neck muscles leading 
to deep neck abscesses. Findings on CT include fluid in 
the mastoid air cells and loss of bony septa between these 
cells. Initial therapy should be with parenteral antibiotics; 
therapy against Gram-negative and anerobic pathogens 
is added, if mastoiditis is superimposed on a chronically 
draining ear. Cortical mastoidectomy with/without 


Table 14.2: Complications of otitis medias 
Extracranial Intracranial 
Acute coalescent mastoiditis 
Subperiosteal abscess 


Facial nerve paralysis 


Meningitis 
Epidural abscess 


Dural venous (sigmoid sinus) 
thrombosis 


Brain or subdural abscess 
Otitic hydrocephalus 


Labyrinthitis or labyrinthine 
fistula 


MM sco ssontiat Pecintrics 





Fig. 14.4: An 8-year-old boy with left-sided chronic suppurctive 
otitis media associated with post-auricular abscess (arrow mark), 
Note the swelling at the root of zy¥goma and periorbiia! puffiness 


tympanostomy tube insertion is indicated in patients with 
unsatisfactory response to parenteral antibiotics, sub- 
periosteal or neck abscesses, intracranial complications 
and for mastoiditis. 


Labyrinthine fistula may form due to inner ear erosion 
by cholesteatoma, and presents with vertigo and sensori- 
neural hearing loss. Cholesteatoma-induced labyrinthine 
fistula and labyrinthitis (inflammation or infection of the 
inner ear) requires urgent surgical intervention in the form 
of mastoidectomy. 


Facial nerve paralysis secondary to otitis media is treated 
with antibiotics, but surgery is often indicated. During 
the early phase of acute otitis media, myringotomy to 
release pus from the middle ear may suffice, whereas cases 
presenting later with accompanying mastoiditis require 
cortical mastoidectomy and facial nerve exploration. Fadal 
nerve paralysis secondary to cholesteatoma requires 


modified radical mastoidectomy and facial nerve 
decompression. 


Meningitis is the most common intracranial complication 
of both acute and chronic otitis media. Acute otitis media 
is also the chief cause of secondary meningitis and 
pneumococcal meningitis is the most common c2use of 
acquired sensorineural hearing loss in children. The 
morbidity and mortality associated with secondary 
meningitis has decreased Significantly following use of 
appropriate antibiotics, and in the developed world, with 
use of pneumococcal vaccines. 


Brain abscess is a potentially lethal complication. Unlike 
meningitis, which is more commonly associated with 
acute otitis media, brain abscesses is almost exclusively 4 
complication of CSOM. Therapy with broad-spectrum 
parenteral antibiotics is begun immediately and surg! 
drainage is considered. 


Thrombosis of the sigmoid or transverse sinus is 4° 
important intracranial complication. Patients present ¥” 
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eadache, malaise and }j 


— gh spiking fever, Treatment is 
with parenteral antibiotic 


S and drainage of the mastoid. 
otitis Externa 


Acute otitis externa (swimmer’s ear) presents with itching, 
pain and fullness of the ear, with or without otorrhea. 

ema and edema of the ear canal and tenderness on 
moving the pinnae or tragus are diagnostic. Risk factors 
include swimming, impacted cerumen, use of hearing aid, 
eczema and trauma from foreign objects. Chief pathogens 
include P. aeruginosa, Staphylococcus, Proteus, E. coli and 
Aspergillus or Candida sp. Management with aural toileting 
and topical antibiotic drops is associated with clinical cure 
rates of up to 80%. If edema is significant, a ribbon gauze 
or wick may be placed in the external auditory canal to 
keep it patent and allow delivery of topical ear drops. Oral 


antibiotics are reserved for cases who fail to improve and 
complicated cases. 


Otomycosis or fungal otitis externa is common in humid 
weather or following treatment of a bacterial infection. 
Patients present with ear pain and pruritus; Aspergillus 
and Candida spp. are common pathogens. Otoscopy 
reveals thick cream-colored discharge associated with 
fungal spores and filaments. The condition is managed 


with aural toilet and topical antifungal (e.g. clotrimazole) 
drops. 


Otic furunculosis is a very painful, superficial abscess in 
the outer portion of the ear canal, typically due to S. aureus. 
Oral antibiotics and analgesics ensure relief; incision and 
drainage is rarely required. 


Eczematous or psoriatic otitis externa refers to 
inflammatory conditions characterized by ear discharge, 
pruritis and/or scaling of skin of the ear canal. Contact, 
atopic or seborrheic dermatitis is usually present. 


Hearing Loss 


Hearing loss in children may be congenital or acquired. 
Based on pathology, hearing loss is categorized as 
conductive, sensorineural or mixed. Early detection of 
hearing loss in children is important as untreated hearing 
loss interferes with development of speech, language and 
cognitive skills. 


Conductive Hearing Loss 


Any pathology that interferes with the conduction of sound 
ough the ear canal, tympanic membrane or middle ear 
ossicles may cause conductive hearing loss. Hearing loss is 
Usually acquired and mild to moderate in severity. 
ommon causes include otitis media with effusion, 
panic membrane perforation, tympanosclerosis and 
cholesteatoma. Less commonly, conductive hearing loss is 
Ongenital, associated with congenital ossicular fixation or 
ontinuity and atresia of the ear canal. Hearing loss may 
€ associated with middle ear abnormalities, e.g. Apert, 
touzon and Treacher Collins syndromes: 


Sensorineural Hearing Loss 


Sensorineural hearing loss is caused by pathology in the 
cochlea, auditory nerve or central auditory pathway. 
Congenital and acquired hearing loss is equally prevalent 
The most common cause‘of acquired sensorineural hearing 
loss is meningitis; other causes are prematurity, hyper- 
bilirubinemia, perinatal hypoxia, acquired immuno- 
deficiency syndrome, head trauma and medications (e.g. 
aminoglycosides, loop diuretics). The chief etiology of 
congenital hearing loss is intrauterine infections (e.g. 
TORCH, syphilis). Almost 30% of congenital hearing loss 
is associated with one of 300 inherited disorders, including 
Pendred syndrome (euthyroid goiter), Jervell and Lange- 
Nielsen syndrome (prolonged QT waves, syncope), Usher 
syndrome (retinitis pigmentosa and blindness), Alport 
syndrome (microscopic hematuria and renal failure), 
branchio-oto-renal syndrome, neurofibromatosis and 
Waardenburg syndrome. Over 65 genes are associated with 
inherited hearing defects. Mutations in G/B2, encoding for 
connexin 26 (expressed in the inner ear and involved in 
cochlear homeostasis) account for one-half of patients with 
autosomal recessive non-syndromic hearing loss. 


Screening for Hearing Loss 


Significant hearing loss is present in 1-3 per 1000 
newborns, particularly in babies requiring neonatal 
intensive care. Hearing loss has significant implications 
for development of speech, language and cognitive skills. 
Effective hearing aids and cochlear implants are now 
available that, if applied early in life and supplemented 
with auditory training, can lead to near-normal hearing, 
good acquisition of speech and language, and integration 
into normal schooling. Hence, most countries as well as 
the Indian Academy of Pediatrics recommend universal 
screening for hearing loss in newborn period. An 
important initiative in infant hearing screening and 
intervention program is the ‘1-3-6’ guideline. This 
recommends screening all newborns for hearing loss by 
1 month of age, completing secondary diagnostic testing 
for infants who fail the first screening by 3 months, and 
ensuring early intervention for diagnosed hearing loss by 
6 months, enabling language and social development in 
line with physical development. However, some forms of 
early-onset hearing loss are not apparent at birth. The 
American Academy of Pediatrics Joint Committee on 
Infant Hearing lists risk factors that should prompt 
continued monitoring of hearing status, even if the initial 
screening is normal (Table 14.3). 


Screening In Older Children 


Indications for hearing screening in older children are 
parental concern for hearing or speech, poor language 
development or decline in language skills, ear infections, 
difficulty in understanding conversation or inappropriate 
response to commands. Examination includes otoscopy 
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Table 14.3: Indications for continued hearing monitoring 
despite normal hearing on neonatal screening 


Caregiver concern regarding hearing, speech, or develop- 
mental delay 


Family history of childhood hearing loss 


Neonatal intensive care for >5 days or any of the following: 
Extracorporeal membrane oxygenation; assisted ventilation; 
exposure to ototoxic antiblotics or loop diuretics; hyper- 
bllirubinemla requiring exchange transfusion 


In utero Infections (CMV, rubella, syphilis, herpes, toxo- 
plasmosis) 


Findings of a syndrome associated with hearing loss 
Postnatal Infection known to cause hearing loss (e.g. meningitis) 


Syndromes associated with progressive hearing loss (e.g. 
neurofibromatosis) 


Neurodegenerative disorders (e.g. Hunter syndrome, Friedreich 
ataxia) 


Head trauma 
Recurrent or persistent (=3 months) otitis media with effusion 
Chemotherapy or radiation to head and neck 


with attention to middle ear pathology. Doubtful cases 
require referral for audiologic evaluation. Techniques that 
assess hearing sensitivity are selected based on child’s age 
and ability to cooperate with testing (Table 14.4). 


Management of Hearing Loss 


Management of hearing loss is based on the extent of 
deficit and the underlying pathology. For mild to moderate 
conductive hearing loss, options include tympanostomy 
tube for otitis media with effusion, tympanoplasty for 
tympanic membrane perforations, mastoidectomy and 
tympanoplasty for cholesteatoma and canaloplasty for 
canal atresia. Conventional hearing aid, bone conduction 
hearing aid or middle ear implant are considered in 
patients with conductive hearing loss, if the pathology 
cannot be surgically corrected. Treatment of mild 
sensorineural hearing loss may consist simply of 
preferential seating in school. Unilateral or bilateral 
hearing aid usage is advised for mild to moderate 
sensorineural hearing loss, while children with severe to 
profound loss who do not benefit significantly from 
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e considered for cochlear implantatio, 
m cochlear implants are not feasible te 
d enrolment in deaf education 


hearing aid ar 
Patients in who an 
taught sign language 
programs. 


Pediatric Cochlear Implantation 

ant directly stimulates the residy,) 
Is in the spiral ganglion (cochlea). Th, 
ear implantation in adults wig, 
bilateral severe to profound (>70 dB hearing loss) 
sensorineural hearing loss who have POOTr speech 
discrimination and fail hearing aids. Decisions are tougher 
in children as audiological testing 1s less reliable. Simila, 
to adults, cochlear implantation is advised for children 
with severe to profound sensorineural hearing loss with 
unsatisfactory benefit from a trial of hearing aid use fo, 
3-6 months. As early introduction of sound is crudal tp 
develop processes for sound awareness and speech 
development in the auditory cortex, hearing should be 
aided as early as possible. Evaluation before surgery 
includes computed tomography and magnetic resonance 
imaging to assess anatomic anomalies and confirm the 
presence of cochlear nerve. Multielectrode implants that 
provide information across various frequencies are 
positioned sequentially along the cochlea to allow sound 
to be coded and transmitted for the entire sound spectrum 


(Fig. 14.5). 


A cochlear imp] 
cochlear nerve cel 
US FDA approves cochl 
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Table 14.4: Tools to screen hearing aa . 


Test 
Automated otoacoustic emissions 


Principle 


Automated auditory brainstem response 
brainstem 


Visual reinforced audiometry 
Play audiometry 
Audiometry 


Evaluates cochlear function; also affected by ear 
canal obstruction or middle ear effusion 


Measures integrity of cochlea, auditory nerve and 


Sound booth based conditioned hearing 
Play/game reinforced hearing evaluation 
Ear and frequency specific hearing assessment 


Age of child 
Any age; neonatal scraening 


Any age; neonatal screening 


8 months to 2.5 years 
>2.5 years 
>4 years 





Fig. 14.5a: X-ray (modified Stenver view) of the mastoid showing 
cochlear implant with muttichannel stimulating electrodes CIONg 
the cochlear turn (arrow). Note the receiver stimulator 


component placed posterosuperiorty and the ball/ground 
electrode located superiorty 


DISEASES OF NOSE AND SINUSES 
Rhinitis 


Inflammation of mucosa lining the nose may occur alone 
(rhinitis) or with paranasal sinuses (rhinosinusitis). 


Viral Rhinitis 


Viral rhinitis (common cold) is the most frequent cause of 
nasal obstruction and rhinorrhea in children, occurring 
up to 6-8 times a year, usually due to infection with 
thinovirus, influenza or adenovirus. Symptoms include 
malaise, low to moderate grade fever, nasal congestion 
and rhinorrhea, with or without sore throat. Antipyretics, 
saline nasal drops, oral decongestants and antihistamines 
provide symptomatic relief. Annual influenza vaccination 
teduces the incidence of severe cases. Less than 5% 
affected children develop superimposed bacterial 
thinosinusitis and suppurative otitis media. 


Allergic. Rhinitis 


The condition is due to an IgE-mediated reaction to specific 
allergens, commonly inhaled house dust mite, pollen and 
spores, Coexisting atopic dermatitis and asthma are 
common, Presentation is with sneezing, itching, nasal 
obstruction and clear rhinorrhea that are seasonal (hay 
fever) or perennial with intermittent exacerbations. 
Examination shows pale nasal mucosa, hypertrophied 
Nasal turbinates and thin mucoid rhinorrhea with or 
Without conjunctival itching and redness. Diagnosis is 
Clinical; supportive tests such as eosinophilia on nasal 


= = 
Fig. 14.5b: Cochniecar implantes ina rehabilitation session. Note 
The exemc! component, including a microphone behind the 
olnne ond c Tonsmitter supenory over the masioid that transmits 


complied sound jo the intemcl receiver stimulator complex 
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smear, skin tests for common allergens and increased 
serum total or allergen-specific IgE are not essential. 
Further, skin tests may be negative in children during the 
first 1-2 vears of illness while the sensitization is confined 
to nose and sinuses. Differential diagnosis includes food 
allergy (egg protein, cow milk, sea food). Management 
comprises of allergen avoidance. Topical corticosteroid 
sprays provide symptomatic relief. Topical decongestants 
are discouraged due to the risk of rebound congestion and 
rhinitis medicamentosa. 


Bacteric! Rhinosinusitis 


Four pairs of paranasal sinuses surround the nose and 
help humidify inspired air. The maxillary and ethmoid 
sinuses are present at birth and get easily infected in 
childhood. Sphenoid and frontal sinuses develop at 
approximately 9-10 months and 7-8 years of age, 
respectively, and rarely get infected alone. 


Acute bacterial rhinosinusitis: Rhinosinusitis is termed 
acute, if symptoms are for less than 12 weeks. It usually 
follows viral rhinitis, but may develop de novo and re- 
currently in the presence of predisposing factors such as 
allergic rhinitis, adenoid inflammation and hypertrophy, 
cystic fibrosis, immunodeficiency, ciliary dyskinesia, 
daycare attendance, exposure to tobacco smoke and 
gastroesophageal reflux. Viral infections cause mucosal 
edema and ciliary hypoactivity causing obstruction of 
sinus ostia (openings of sinuses into the nasal cavity) and 
stasis of secretions. Obstructed sinuses are likely to get 
infected by bacteria from the nasopharynx, usually S. 
pneumoniae, H. influenzae and M. catarrhalis. 
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— Perstatent fever, factal palin or heaviness, Nasal obstric- 
Hanae puritent discharge, cough, dental pain and earache 
we Aillveas beyond 7210 daya of upper reaplratory tract 
Wecthon auggeat the dlagnoats of infective rhinusinusl tis, 
Veviorital edema, Proploaia, diplopia, severe headache, 
VOMviling, seizures or focal neurvlopleal deficits Bupvest 
Neular or vontral neurolopleat ayslem Involvement, 
Merny computed tomography. 

Orbital extension, contubuting ta 90% of com plications, 
hollows direct extension of infection from the ethmoid 
sinuses, andl (8 classified as inflammatory edema, orbital 
oP pPreseptal cellulitis, subperlosteal abscess, orbital 
abseoss and cavernous sinus Uirombosis (Fig, 14.6), 

Ophthalmoplepia, vislon loss and toxemia indicate 
Infection of cavernous sinuses, Intracranial complications, 
NcInding meningitis and brain abscesses, are common 
WIth frontal and sphenold sinusitis, 

While a proportion of cases resolve spontaneously, 

therapy with oralantibloties (amoxicillin, coamoxiclav for 
W-T4 days) is preferred. Longer courses and/or second- 
line antibioties may be indicated based on organism 
sensitivity and nature of illness. Measures, such as oral or 
topical decongestants, mucolytics and nasal saline provide 
early symptomatic relief, Patients with complications may 
require parenteral antibiotics with or without endoscopic 
sinus surgery and abscess drainage. 
Chronte bacterial rhinosinusitis: When symptoms of 
rhinosinusitis persist for >12 weeks, infection with 
S. aureus, AMerobes and even fungi should be considered 
Apart trom usual bacterial pathogens, Nasal obstruction, 
purulent discharge, chronic cough, facial heaviness, dental 
pain, malaise and headache are common features. Young 
children may be just irritable, Prolonged inflammation 
causes formation of polyps in paranasal sinuses, ethmoid 
sinuses being most commonly affected. 

Chronic bacterial rhinosinusitis is treated with a broad- 
spectrum antibiotic (coamoxiclav, broad-spectrum 
cephalosporin or fluoroquinolone) for 3-6 weeks. Oral 
decongestants and topical corticosteroid sprays (e.g. 
mometasone or fluticasone) hasten symptomatic relief by 
reducing mucosal edema, improving patency of sinus 





Fig. 14.6; Acute bacterial rhinosinusitls with orbital cellulitis. Note 
the marked lid edema, congestion and proptosis 
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sprays are safe and donot impact fac, 
or body growth. Saline irrigation decreases Mucosa 
edema and improves mucociliary clearance of the p 

and paranasal sinuses. Managing underlying Bastro. 
esophageal reflux with proton pump inhibitors may defer 
the need for surgery: Computed tomography and referral 
to a specialist is recommended in patients refractory to 
3-6 weeks of medical management and those With 


complications. 


ostia. Nasal steroid 


Allergic Fungal Rhinosinusitis 

Allergic fungal rhinosinusitis is increasingly recognized 
in atopic immunocompetent children, chiefly adolescents 
but is less common than in adults. It 1s caused by 
hypersensitivity to fungal antigens. Patients present with 
nasal obstruction, discharge and headache. Evaluation 
shows unilateral or bilateral nasal polypi. Proptosis anq 
telecanthus suggest extensive disease with expansion of 
the ethmoid (lateral displacement of orbit) or frontal 
sinuses (inferolateral displacement of orbit). CT imaging 
shows characteristic non-erosive expansion of sinuses 
with opacification and intermittent hyperdensities. 
Management consists of endoscopic removal of polypiand 
widening of sinus ostia. Topical steroid sprays reduce 
mucosal edema and prevent as well as delay recurrences, 


Nasal Obstruction 


Apart from chronic rhinosinusitis, common and important 
causes of chronic nasal obstruction are adenoid hyper- 
trophy, deviated nasal septum and choanal atresia. 


Adenoid Hypertrophy 


Adenoids are the lymphoid tissue located in the roof and 
posterior wall of nasopharynx that protects the upper 
aerodigestive tract against inhaled antigens. Adenoids 
usually grow until the age of 5-years due to heightened 
immunologic activity, often causing some airway 
obstruction following which it gradually shrinks. Chronic 
bacterial infection, gastroesophageal reflux and passive 
smoking may cause persistent adenoidal hypertrophy, 
leading to nasopharyngeal obstruction. An obstructed 
nasopharyngeal airway leads to chronic mouth breathing 
and dental malocclusion, while dysfunction of eustachian 
tube causes otitis media with effusion and conductive 
hearing loss. When associated with tonsillar hypertrophy: 
patients may show features of obstructive sleep apne 
Diagnosis is based on examination and endoscop!“ 
evaluation. Lateralr adiograph of the neck reveals enlarge 
soft tissue in nasopharynx, occluding the airway (Fig: 14.7) 
Pubertal growth of the midface and regression 0 
adenoids provide symptomatic relief of adenoid-relat 
nasal obstruction beyond the age of 9 years. Medica 
management of symptomatic adenoid hypertrophy 
includes courses of antibiotics, prolonged use of aqueov 
nasal steroid spray and treatment of gastroesophag® 
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or due to abnormal neural crest cell migration, As infants 
are obligate nasal breathers, pationts with bilateral choanal 
atresia present immediately after birth with respiratory 
distress and intermittent cyanosis, precipitated by 
suckling that improves when the child erles, Bilateral 
atresia can be associated with CHIARGE syndrome 
(coloboma, heart abnormalities, choanal atresta, 
retardation of growth and development, genitourinary 
defects and ear anomalies), The presentation of unilateral 
atresia is less dramatic and usually delayed. Patients 
present with persistent unilateral nasal discharge or 
blockage, typically when the opposite nasal passage Is 
blocked due to rhinitis or adenoid hypertrophy, 

The diagnosis of choanal atresia is considered when a 
6F feeding catheter cannot be passed through the nose 
into the nasopharynx at birth. Flexible nasal endoscopy 
and CT confirm the diagnosis (Fig. 14.8). Patients with 
bilateral atresia require facilitation of oral breathing by 
keeping the mouth open and pulling the tongue forward 
manually by oral digital manipulation, followed by 
placement of plastic oropharyngeal airway or McGovern 
open-tip nipple. 
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= ae Epistaxis 
Fig. 14.7: Lateral radiograph of the neck showing adenoid Sleedinet | if ntin childre Jus 
hypertophy occluding the nasopharyngeal airway in a 6-year. eeding from the nose is frequent in children and usually 


old boy (Courtesy: Textbook of ENT, Hazarika) follows injury to the anterior portion of the nasal septum 

in Little's area, the location of Kiesselbach arterial plexus. 
reflux with proton pump inhibitors. Adenoidectomy is Bleeding follows local trauma, especially by nose picking 
recommended in the presence of adenoid hypertrophy during hot summer days, when reduced ambient 
that is associated with persistent or recurrent otitis media humidity causes crusting in the anterior nasal cavity. 
with effusion, failure of medical management for obstruc- Examination reveals prominent vessels that bleed 
tive sleep apnea, chronic adenoiditis, craniofacial growth promptly when touched with a cotton-tipped probe or a 
abnormalities due to prolonged airway obstruction and dried clot over Little s area. Avoidance of nose picking, 
chronic rhinosinusitis. Adenoidectomy is also done for US¢ of lubricating ointment and pinching the nose to stop 
patients with concomitant cleft palate or submucous cleft the bleeding are taught to the child and parents. Refractory 


palate so as to avoid uncovering symptoms of velo- cases require chemical- (topical silver nitrate) or electro- 
pharyngeal insufficiency, such as nasal regurgitation of 
fluids and hypernasal speech that are masked due to Synge 


compensation by hypertrophied adenoids. 


Deviated Nasal Septum 


Deviation of septum (bony, cartilaginous or both) may be 
developmental or following trauma at birth or in later life. 
€ space in nasal cavity is reduced on the convex side. 
atients may experience bilateral nasal obstruction due 
to Compensatory inferior turbinate hypertrophy on the 
Concave side and/or rhinitis. 





Choanal Atresia 


This term refers to congenital failure of the nasal cavities 
© open into the nasopharynx. Unilateral or bilateral aces 
Canal atresia or stenosis is hypothesized to be caused ae sere ae 
Y complete or partial persistence of buccopharyngeal Fig, 14.8: Axial computed tomography of paranasal sinuses 
membrane (separating oral cavity from pharynx) Or showing right (R)-sided bony and membranous choanal atresia 
uccal membrane (separating nose from oral cavity) and eft (L)-sided complete bony atresia 
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cauterization. Coagulopathy should be ruled out in 
children with family history, bleeding from other sites or 
refractory or severe epistaxis. Uncommon causes of 
recurrent epistaxis include juvenile nasopharyngeal 
angiotibroma and hereditary hemorrhagic telangiectasia 
(Qsler-Weber-Rendu syndrome), the latter presenting 
with severe recurrent epistaxis, gastrointestinal bleeding 
and pulmonary hemorrhage. 


suggested Reading 
* Beswick DM, Messner AH, Hwang PH. Pediatric chronic 
thinosinusitis management in rhinologists and pediatric 
otolaryngologists. Ann Otol Rhinol Laryngol 2017; 126:634-639. 
* Nosterman T. The management of vascular malformations of the 
airway: Natural history, investigations, medical, surgical and 


radiological management. Otolaryngol Clin North Am 2018; 
31:213-23 
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DISEASES OF ORAL CAVITY AND PHARYNX 


Inflammatory Disorders 


Recurrent aphthous stomatitis presents as variably-sized 
painful white ulcers with surrounding erythema, located 
on the oral mucosa and/or tongue. The precise etiology 
is unknown. Minor (<1 cm) ulcers resolve spontaneously 
over several days. Major ulcers (>1 cm) are less common, 
may affect the soft palate or tonsils, and heal slowly (4-6 
weeks) sometimes with scarring. Though most cases are 
idiopathic, recurrent ulcers are seen in Behcet disease and 
cyclic neutropenia. Symptomatic management includes 
local application of protective and analgesic pastes or 
anesthetic gels, failing which topical or, rarely, systemic 
steroids may be tried. 


Herpetic stomatitis caused by herpes simplex virus type 
1is highly contagious. Erythematous gingiva and mucosal 
hemorrhage are associated with clusters of painful 
vesicles, evolving to gray pseudomembranous mucosal 
ulcers. Symptomatic treatment includes analgesics and 
oral or intravenous hydration. While oral acyclovir hastens 
recovery, lesions usually heal spontaneously in 10-14 days. 


Oral candidiasis (thrush) caused by Candida appears as 
small white curd-like lesions on tongue and oral mucosa. 
While common in infants <6 months of age, the condition 
is often seen in patients receiving prolonged antibiotics 
or corticosteroids. Other risk factors include poor oral 
hygiene, xerostomia, diabetes, leukemia or immuno- 
deficiency. Topical nystatin or oral fluconazole are effective. 


Congenital Disorders 


Ankyloglossia (tongue tie) refers to limitation of anterior 
tongue mobility due to congenitally short lingual 
frenulum. Mild forms are common, do not affect speech 
and improve as the patients grow. A very short and tight 
frenulum might restrict tongue protrusion beyond the lips, 
may be associated with clefting of the tongue tip, and 
interfere with feeding and speech. 
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‘» and cleft palate occur due to incomplete Fus: 
if Pp allay and nasal processes. Clef, i 
may be unilateral or bilateral, and incomplete (when oat 
the lip is bifid) or complete (associated with cleft in th. 
alveolar ridge). Likewise, cleft palate may be unilater al oy 
bilateral, and incomplete (cleft in palate Posterior j, 
incisive foramen) or complete (cleft involving entire len 
of palate). 40% cases of cleft lip or palate are ASSOCiate4 
with other congenital anomalies; syndromic ASSOCiation, 
include Goldenhar and Treacher Collins syndromes. Clef 
palate leads to feeding difficulty, abnormal Nasa] 
breathing, abnormal speech, hearing impairment ang 
impaired dentofacial growth. Staged surgical reconstry ‘ 
tion of the lip and palatal defects is performed. 


Micrognathia refers to a disproportionately small 
mandible. Congenital micrognathia may be isolated o; 
associated with Pierre Robin sequence (with cleft palate 
and glossoptosis). Unilateral mandibular hypoplasia may 
present with other features of hemifacial macrosomia. 
Micrognathia may cause difficulty in feeding, dental 
overcrowding and in severe cases where the tongue js 
displaced posteriorly, breathing difficulty. Milder cases 
resolve spontaneously. Neonates with breathing difficulty 
require prone nursing and/or oropharyngeal airway. 
Severely symptomatic patients require surgical 
procedures like tongue advancement, mandibular 
distraction osteogenesis or tracheotomy. 


Macroglossia refers to disproportionately large tongue 
compared to other structures of the oral cavity. Cases may 
be idiopathic or syndromic, associated with Down or 
Beckwith-Wiedemann syndromes, neurofibromatosis or 
congenital hypothyroidism. Macroglossia may be 
acquired, due to infections, trauma, tumor or vascular 
malformation. The condition may lead to drooling, speech 
impairment, feeding difficulty, abnormal growth of 
alveolus and dentition, or airway obstruction. Speech 
rehabilitation and/or surgical reduction may be needed, 


Stuttering, Stammering 


Stuttering is dysfluency of speech characterized by 
abnormal repetition of syllables and prolonged 
interruptions. The most common pattern is developmental 
stuttering, appearing usually at 34 years, when there is 
inappropriate stuttering for the level of language 
development. Acquired Stuttering is uncommon and may 
follow emotional trauma or neurological illness. Stuttering 
is usually not associated with structural orofacia 
anomalies like tongue tie or adenotonsillar hypertrophy 
Surgical intervention for these abnormalities is not usefu 
Mild forms of dysfluency improve spontaneously’ 
persistent stammering requires speech and languas° 
therapy starting in preschool years. Delayed intervention 
is associated with persistent stammering into adulthoo 

and significant psychosocial morbidity. 


Otorhinolaryngology 


viral pharyngitis is common and caused by rhinovirus, 
influenza Or parainfluenza virus, adenovirus or coxsackie 
virus. Patients present with fever, sore throat, dysphagia, 
rhinorrhea, nasal obstruction, cough and bodyache. 
Fxamination shows non-exudative erythema of pharynx 
and tonsils and tender cervical lymphadenopathy. 
Supportive treatment with analgesics, saline gargles and 
saline nasal drops is sufficient. Antibiotics are required in 
cases of secondary bacterial infection. 


Infectious mononucleosis, caused by Epstein-Barr virus, 
affects teenagers and is transmitted via body fluids, 
commonly saliva. Patients present with fatigue, high fever, 
malaise, sore throat, dysphagia and odynophagia. 
Examination shows enlarged tonsils, edema of soft palate, 
palatal petechiae, significant cervical lymphadenopathy, 
hepatosplenomegaly, and a fine rash over arms or trunk. 
Differential leukocyte count indicates that over 50% are 
lymphocytes and more than 10% lymphocytes have an 
atypical appearance. Monospot or Paul-Bunnell tests are 
useful for screening; presence of anti-VCA IgM antibody 
confirms the diagnosis. Management is supportive, 
comprising of hydration, bed rest, analgesics and 
antipyretics. Patients with respiratory difficulty or extreme 
dysphagia due to severely enlarged tonsils may require 
corticosteroids. Ampicillin may cause generalized itchy 
maculopapular rash and should be avoided. Severe airway 
obstruction may necessitate tonsillectomy or tracheotomy. 


Diphtheria: Though its incidence has declined 
significantly following immunization, early diagnosis of 
this potentially lethal condition is critical. The patient 
appears ill and toxic. Examination shows exudative 
tonsillopharyngitis with a thick gray membrane over the 
tonsils extending to the palate, pharynx and occasionally 
larynx that bleeds when removal is attempted. Cervical 
lymphadenopathy is common. Gram staining and culture 
confirms infection with the causative Gram-positive 
bacillus Corynebacterium diphtheriae. Clinical suspicion is 
enough to warrant immediate treatment with diphtheria 
antitoxin without awaiting microbiological confirmation. 
Therapy is with high dose penicillin or erythromycin. 
Airway obstruction is managed with tracheotomy. 


Acute bacterial pharyngotonsillitis is usually caused by 
gtoup A B-hemolytic streptococci. Less common 
pathogens include non-group A streptococci, S. aureus, 

- influenzae, M. catarrhalis, diphtheria, gonococcl, 
Chlamydia and Mycoplasma spp. Pharyngitis presents with 
fever, throat pain, odynophagia and occasionally, 

eadache, abdominal pain, nausea and vomiting. Enlarged 
erythematous bilateral tonsils with yellow follicles are 
typical (Fig. 14.9). Severe cases show purulent exudation 
With or without membrane formation on tonsils, and 
“€rvical lymphadenopathy. A rapid strep test helps 
distinguish viral from streptococcal pharyngotonsillitis; 
Negative results should be confirmed by throat culture. If 





Fig. 14.9: Acute staphylococcal pseudomembranous tonsillitis 
with unilateral hypertrophy of the right tonsil. This condition has 
to be differentiated from other causes of white patch on the 
tonsil (Courtesy: Textbook of ENT, Hazarika) 


strongly suspected, therapy against Streptococcus should 
begin without awaiting microbiological confirmation. 
Initial therapy is with penicillin or a first generation 
cephalosporin for 10 days. Coamoxiclav, clindamycin or 
erythromycin and metronidazole are considered in 
refractory cases. Complications include peritonsillar, 
parapharyngeal or retropharyngeal abscesses; non- 
suppurative complications are scarlet fever, acute 
rheumatic fever and poststreptococcal glomerulonephritis. 


Tonsillectomy 


Indications for tonsilloadenoid resection include 
adenotonsillar hypertrophy causing obstructive sleep 
apnea, speech defects, craniofacial growth abnormality, 
dysphagia, failure to thrive or cor pulmonale. Other 
indications for tonsillectomy are recurrent acute tonsillitis, 
recurrent tonsillitis associated with valvar heart disease 
or recurrent febrile seizures, recurrent peritonsillar 
abscess, infectious mononucleosis with severely 
obstructing tonsils refractory to medical management, and 
suspected tonsillar neoplasia. 


Obstructive Sleep Apnea 


Obstructive sleep apnea is characterized by partial or 
complete upper airway obstruction during sleep. The chief 
etiology is adenotonsillar hypertrophy. Disease associa- 
tions include obesity, allergic rhinitis, laryngomalacia, 
mucopolysaccharidoses, Down syndrome, craniofacial 
syndromes, cerebral palsy, hypothyroidism and nasal 
masses. Sequelae of obstructive sleep apnea are 
hypoxemia, hypercapnia and acidosis that contribute to 
behavioral and neurocognitive impairment with poor 
learning, attention deficit and hyperactivity, cardio- 











vascular sequelae (systemic and pulmonary hypertension 
and cor pulmonale), and metabolic complications such 
as reduced insulin sensitivity, failure to thrive and 
dyslipidemia, 


Parents complain of the child snoring, choking, 
holding breath, sleeping restlessly, frequent arousals, 
excessive daytime sleepiness, morning headaches and/ 
or enuresis, Other daytime symptoms include 
hyperactivity and inattention, moodiness and poor 
scholastic performance, Examination reveals obesity, 
sleepiness, adenotonsillar hypertrophy, high arch palate, 
large tongue, long face and/or retrognathia. The 
diagnosis is ascertained by polysomnography (sleep 
study) that analyzes electroencephalography, electro- 
oculography, electromyography, oral and/or nasal 
airflow, electrocardiography, pulse oximetry, respiratory 
efforts, end tidal or transcutaneous CO,, sound 
recordings (for snoring) and continuous video 
monitoring during night’s sleep in the sleep laboratory. 
The Apnea-Hypopnea Index, that estimates the number 
of apnea and hypopnea events per hour of sleep, 
indicates the severity of sleep apnea; value >10 suggests 
severe obstructive apnea. Sleep study also helps 
differentiate between this condition and central apnea, 


periodic breathing and central hypoventilation 
syndromes. 


Adenotonsillectomy is the treatment of choice for severe 
obstructive sleep apnea, Tracheotomy may be considered 
in the most severe cases. Children younger than 3 years 
and those with severe apnea, obesity, cardiac complica- 
tions or neuromuscular disorders require careful 
monitoring postoperatively. 


DISEASES OF THE LARYNX AND TRACHEA 
Stridor 


The term stridor refers to audible respiratory noise 
produced by turbulent airflow through an obstructed 
upper airway. It should be differentiated from stertor that 
refers to snoring-like noise produced from obstructed 
nasopharynx or oropharynx. 


X-ray of chest or lateral neck may suggest retro- 
pharyngeal abscess, epiglottitis, croup or tracheal stenosis. 
Computed tomography may be required to rule out 
extrinsic vascular compression, but is rarely required in 
an acute scenario. Flexible endoscopy helps assess nasal 
cavity, nasopharynx, oropharynx, supraglottis and glottis 
during dynamic respiration without need for general 
anesthesia, but is avoided, if acute epiglottitis is suspected. 
Rigid laryngotracheobronchoscopy, performed under 
general anesthesia, is the gold standard when evaluating 
a child with stridor. Apart from enabling diagnosis, it may 
be therapeutic, allowing removal of foreign body, release 
of a web or excision of papilloma. Common etiologies of 
airway obstruction and stridor are discussed below. 
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Infections 


Acute laryngotracheobronchitis (croup) is a viral y 


respiratory tract infection that oe mis § Months 
to 3 years of age. Patients ase Me Phasic Stridoy 
barking cough and low-grade cat alter an episode g 
common cold. Symptoms may evolve over several day. 
Chest X-ray reveals characteristic narrowing Of the 
subglottic region, known as the ‘steeple’ sign (Fig, 14.10) 
Most cases of croup are mild and resolve in 1-2 days with 
conservative management, including reassurance, cog] 
mist and oral hydration. Nebulized epinephrine (1:1009, 
in doses of 0.1-0.5 mL/kg, toamaximum of 5 ML) provides 
symptomatic relief. A single dose of dexamethasone 
(0.3-0.6 mg/kg, intramuscular) reduces severity, if given 
within the first 24 hours. Inhaled budesonide (1 mg tice 
a day for two days) also shows satisfactory results, 
Antibiotics against Staphylococcus and H, influenzae are 
indicated, if the child fails to improve and/or purulent 
secretions are present. 


Acute epiglottitis (supraglottitis), due to infection with 
H. influenzae type B, is less common but a more severe 
illness than croup. The incidence has declined following 
improving immunization against Haemophilus. Patients, 
usually 3-6 years of age, present with acute sore throat, 
high fever, muffled voice, inspiratory stridor, marked 
dysphagia and drooling. Unlike croup, cough is usually 
absent. The patient looks toxic and prefers to sit ina 
leaning forward, ‘tripod’ position that helps them breathe 
better. Lateral neck X-ray reveals a characteristic 
thickening of the epiglottis (‘thumbprint’ sign), 
Maneuvering of the oropharynx or larynx is not advised 
as it might precipitate fatal laryngospasm. Rapid airway 
management is crucial and includes intubation by skilled 
personnel or rigid bronchoscopy followed by 
tracheotomy. In atypical presentations, a skilled physician 
might try flexible endoscopy, which shows simiticant 
edema and erythema of the supraglottic structures 


compromising the airway. IV, cefotaxime or ceitriaxone 
are administered for 7 days. 





Fig. 14.10: Laryngotracheobronchitis (croup). ‘steeple sign 


gacterial tracheitis typically caused by S. aureus, affects 
younger children and follows a viral upper respiratory tract 
infection. The child appears toxic and has brassy cough with 
biphasic or expiratory stridor. X-ray neck shows an irregular 
tracheal wall. Br onchoscopy is diagnostic and allows 
culture and removal of purulent tracheal secretions. 


Retropharyngeal abscess is a suppurative complication 
of bacterial pharyngitis or dental infection, with abscess 
formation in lymph nodes between the pharynx and 
prevertebral fascia. Patients appear toxic with high fever, 
stridor, drooling and reduced neck mobility. Spread of 
infection into the mediastinum can be fatal. The diagnosis 
is confirmed by lateral neck radiograph and contrast CT. 
Management comprises parenteral antibiotics and surgical 
drainage of abscess by transoral or transcervical approach. 
Tracheotomy may be necessary to secure the airway. 


Congenital Causes 


Laryngomalacia is the most frequent congenital laryngeal 
anomaly and the chief cause of chronic stridor in infancy. 
The condition is characterized by inspiratory stridor that 
increases when the child is supine or crying, and decreases 
in a prone position. Flexible endoscopy reveals omega- 
shaped epiglottis, short aryepiglottic folds and partial 
collapse of a flaccid supraglottic airway with inspiration. 
Laryngomalacia is generally benign and self-limited, with 
most cases resolving by 18 months of age. Concomitant 
gastroesophageal reflux should be managed medically. 
Surgical intervention, in form of supraglottoplasty or 
temporary tracheostomy, is advised, if respiratory distress 
is significant. 

Vocal cord paralysis is the second most common 
congenital laryngeal anomaly. Bilateral vocal cord 
paralysis presents with high-pitched inspiratory stridor 
and cyanosis. It is usually caused by palsy of the recurrent 
laryngeal nerve due to excessive stretching of the neck 
during vaginal delivery. The condition may be idiopathic 
Or associated with Arnold-Chiari malformation, 
hydrocephalus or hypoxia. Unilateral vocal cord paralysis, 
in contrast, presents with mild stridor or weak cry. 
Aspiration may occur, if cord immobility is due to vagus 
Nerve paralysis, as the superior laryngeal nerve (that 
Carries laryngeal mucosal sensation) is also affected. 
latrogenic injury to the left recurrent laryngeal nerve 


during ligation of patent ductus arteriosus may be a cause. 
Diagnosis is made on fiberoptic laryngoscopy, which 
reveals bilateral or unilateral vocal cord immobility. 
Unilateral cord palsy without aspiration does not need 
active treatment in most cases as hoarseness IMProves 
with time. Tracheotomy might be required to secure the 


‘itway in bilateral cord paralysis. 


latrogenic Causes 


Acquired subglottic stenosis is the most Se aaa pis 
°f acquired stridor, and usually follows ‘onertsrm 


endotracheal intubation. A snugly fitting endotracheal 
tube may cause mucosal trauma and inflammation in the 
subglottis, the narrowest part of the larynx leading to 
scarring. Patients present with progressive biphasic stridor 
a few days after extubation. Minor stenosis requires careful 
observation; severe stenosis requires release of stenosis 
with CO, laser and dilatation, widening with cartilage 
grafts or excision of stenotic segment, with tracheotomy. 
Special T-shaped silicone tracheostomy tubes are used for 
temporary stenting until complete healing. If prolonged 
inubation is expected, early tracheotomy prevents the 
complication of post-intubation subglottic stenosis. The 
use of cuffed tracheostomy tubes should be avoided in 
children; if a cuffed tube is essential, intermittent deflation 
is advised. 

Another complication of prolonged intubation is 
laryngeal granuloma, typically located in the posterior part 
of the vocal cord. Small granulomas cause hoarseness 
while large lesions present with breathing difficulty. They 


are diagnosed by endoscopy and amenable to endoscopic 
removal. 


Foreign Body Aspiration 


Foreign body aspiration should always be considered in 
children presenting with acute onset stridor and airway 
obstruction (Fig. 14.11). If a foreign body is not expelled 
by coughing, it migrates into the lower airway lodging 
most commonly in the subglottis, the narrowest lumen in 
the airway leading to breathing difficulty. Objects such 
as balloons pose the greatest risk of choking to death, 
followed by round objects such as balls or marbles. Rigid 
bronchoscopy and removal of foreign body by an 
experienced surgeon is urgently required. Small foreign 





Fig. 14.11: Foreign body, broken part of tracheostomy tube. in 
the lower trachea and left main bronchus 
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bodies may lodge in secondary bronchioles and present 
later with pneumonia. Management comprises of 
bronchoscopy for foreign body removal, lavage and 
physiotherapy to clear up secretions and antibiotics. 
Occasionally, thoracotomy may be required for foreign 
bodies that cannot be retrieved endoscopically. 


Tracheostomy 


The requirement of prolonged ventilatory support, 
neurologic dysfunction causing aspiration, and need for 
pulmonary toileting are indications for tracheostomy. 
Caretakers should be explained about the implications of 
tracheostomy, including the inability of patients to 
vocalize and the care required. Tracheostomy is performed 
under general anesthesia with mechanical ventilation 
provided through an endotracheal tube or laryngeal mask. 
The trachea is opened at the level of the third or fourth 
ring by a vertical incision that is kept patent using two 
non-absorbable sutures placed on either side of the 
incision. Usually, an uncuffed tracheostomy tube is placed 
in children unless there is concern of aspiration, in which 
case a cuffed tube may be used. Care after tracheotomy 
includes repeated suctioning to maintain patency, change 
of tube every 5-7 days, chest physiotherapy and peri- 
stomal skin care, When tracheostomy is performed in 
infancy and kept for long, speech and language 
development may be delayed or impaired. 


Hoarseness 


Vocal nodules are the chief cause of hoarseness in children. 
Caused by vocal abuse, these are seen most often in 
children who scream habitually. The severity of 
hoarseness fluctuates, worsening with vocal abuse and 
improving with rest. Endoscopy reveals small, bilateral, 
opposing nodules at the junction of anterior and middle- 
thirds of the vocal cord. Speech therapy is advised; surgery 
is rarely indicated. 


Reflux is implicated in occurrence of laryngitis, subglottic 
stenosis, chronic sinusitis and otitis media with effusion. 
Diagnosis is established with 24-hour pH monitoring. 
Patients respond to lifestyle changes and use of proton 
pump inhibitors; fundoplication is required in severe cases. 


Hypothyroid myxedema may occasionally cause vocal fold 
edema, presenting as hoarseness or stridor. 


Laryngotracheal cleft is a rare congenital defect in the 
posterior part of cricoid cartilage of the larynx. The 
condition may be associated with Opitz-Frias or Pallister- 
Hall syndromes. Symptomatic clefts require multilayer 
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DISEASES OF THE SALIVARY GLANDS 


Infections 

Bacterial parotid sialoadenitis is frequent in youn 

children and presents with painful unilateral parotig 
swelling. Purulent material can be expressed intraorally 
from the parotid duct upon parotid massage. Management 
involves oral antibiotics, hydration, sialogogues, parotid 
gland massage and warm compresses. 


Mumps: Patients usually present with bilateral painful 
parotid enlargement and mild fever, and rarely, with acute 
unilateral hearing loss or vestibular weakness. Therapy 
comprises adequate hydration and analgesics. 


Tuberculosis may affect the parotid or other salivary 
glands with or without lung involvement. Sarcoidosis mav 
present with unilateral or bilateral parotid swelling, along 
systemic symptoms and peripheral lymphadenopathy. 
HIV infection commonly involves the parotid glands, 


presenting as bilateral intraglandular cysts that recur after 
needle aspiration. 


Drooling 


Drooling (sialorrhea) is common in infancy but persis 
beyond 2-3 years in children with neuromusculal 
disorders and in mouth breathers. Common causes o 
drooling are dental malocclusion, adenoid hypertrophy, 
cerebral palsy and lip incompetency. Chronic drooling 
may lead to skin excoriation, dyselectrolytemia, social 
isolation, learning difficulties and, in severe ¢aSe5 
aspiration pneumonia. Initial treatment is conservative 
and includes correcting the posture, orodental rehabilit® 
tion, Oromotor training and anticholinergic agents like 
glycopyrrolate. Injection of Botox into the salivary gland 
provides relief for 3-6 months. Refractory patients 
>5 years old, are considered for surgery, including 
bilateral submandibular gland excision, ductal ligation of 
rerouting, or resection of parasympathetic fibers. 





Chapter 


15 


Disorders of Respiratory System 


DEVELOPMENTAL PHYSIOLOGY 


At birth, the newborn has to contend with sudden 
transition from fetal life to extrauterine existence. During 
fetal life, the placenta helps in the gas exchange. Therefore, 
fetal oxygen tension remains constant, independent of the 
maternal levels of oxvgen. Prior to 28-32 weeks, the lungs 
have an inherent tendency to collapse and are unable to 
retain any air. The surfactant, a protein in the alveolar lining 
layer decreases the alveolar surface tension and imparts 
finite elasticity to the interface. As a result, less pressure is 
needed to distend the lungs. When the lung is inflated from 
a small or negligible volume such as in atelectasis or from 
a situation when the alveoli are filled with liquid as happens 
during the first breath at birth, lesser force is required to 
open up the alveoli, if there is low surface tension at the 
air—liquid interface and if the radius of the terminal units 
of the lung is adequate. Although surfactant can be 
detected in the lung exudate from human fetuses as early 
as 24 weeks, the quantity increases greatly towards the 
end of term gestation. Its deficiency leads to respiratory 
distress syndrome. 


Gas transport in fetal life: Carbon dioxide tension falls 
from 35 mm Hg at 10th week of gestation to 28 mm Hg at 
full term. The difference in oxygen dissociation curves and 
increase in hemoglobin concentration enable the fetus to 
carry out effective oxygenation of the tissues. The affinity 
of hemoglobin for oxygen is increased in the presence of 
2,3 diphosphoglycerate (2,3 DPG). However, fetal hemo- 
globin is relatively insensitive to the effect of 2,3 DPG. 
The uptake of carbon dioxide also shifts the oxygen dissocia- 
Hon curve to the right; thus adequate oxygen delivery is 
ensured by the high tissue levels of carbon dioxide. 


Onset of respiration: Hypoxia, hypercapnia and increased 
Sensitivity of chemoreceptors are the main factors 
responsible for initiation of respiration at birth. 


Neonatal respiratory function: Before birth, the lungs are 
filled with fluid that needs to be replaced by air. Some 
fluid is extruded from the mouth and some is absorbed 
by the lymphatics. Intrapleural negative pressure required 
for the first breath is 40 to 100 cm H,O. This pressure is 
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higher initially, because of low compliance of the newborn 
lung (1.5 mbL/em FLO at birth). The compliance Increases 
in the first few hours to 6 mi/em PLO and resistance to 
air flow decreases. The tidal volume of a 3 ky Infant Is 
approximately 16 mb at 28 breaths per minute, Resting 
lung volume gradually increases in the first few hours to 
reach a maximum of 80 mL within 24 hours, 


Gas exchange in newborn: The normal newborn requires 
about 7 mL of oxygen/minule/ky, which is almost twice 
the requirement of an adult based on relative weight. 
Oxygen uptake is a complex process involving transport 
across the alveolar capillary membrane (diffusion). The 
dead space in newborn is about 2 mL/kg with resting tidal 
volume being 20 mL; 35% af the breath is wasted as 
compared to 30% in the adults, Persisting fetal channels 
and the ventilation perfusion problems lead to inercase 
in the right-to-left shunt. 


Gas transport: Relative hypoxia ina newborn is corrected 
in 5 minutes, hypercapnia by 20 minutes and acidosis in 
2+ hours. The initial acidosis is partly metabolic, due to 
high blood levels of lactate. The higher hemoglobin 
concentration and shift to the left of the oxygen 
dissociation curve allows the newborn to carry higher 
concentration of oxygen than the adult. 


Mechanical Function throughout Childhood 


The total lung capacity in a newborn is 150 mL compared 
to ~5000 mL in adults. With growth of lungs, there is 
multiplication of alveoli and increase in the size of alveoli 
and airways. Pores of Kohn or interalveolar communica- 
tions also develop with increasing age. There is a large 
increase in compliance and fall in resistance. The reciprocal 
of resistance, i.c, conductance, rises in proportion to the 
increase in lung volumes. Increase in minute ventilation 
reflects the increase in the metabolic rate. Dead space, tidal 
volume and change in frequency reflect changes in the 
mechanics of the lungs. 

Gas transport: The rise of pll and pCO, together means 
that the buffer base of the blood also increases. Bicarbonate 
tises from 19 mEq/L at 2-year to ~24 mEq/L at 16-year of 
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age. Arterial paO, is ~75 mm Hg in the newborn period 
and around 5-year reaches adult levels of 95 mm Hg. 
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COMMON RESPIRATORY SYMPTOMS 
Cough 


After maximal inspiration, air is suddenly released 
through the partially closed glottis, because of forceful 
contraction of the expiratory muscles, This produces a 
bout of cough. The cough reflex is controlled by a center 
in the medulla. Irritation of the pharynx, larynx, trachea, 
bronchi and pleura is transmitted by afferent impulses 
through the vagus or glossopharyngeal nerves. Efferent 
pathways relay to the larynx and respiratory muscles. 

Cough is an important defense mechanism that helps 
remove infected secretions from the trachea and bronchi. 
Cough should not be suppressed in young children as 
retention of secretions may cause atelectasis and 
pulmonary complications. On the other hand, persistent 
cough interferes with sleep and feeding. It fatigues the 
child and may result in vomiting. 


Causes of Acute Cough 


¢ Upper respiratory tract infection. Common cold, 


postnasal discharge due to sinusitis, hypertrophied 
tonsils and adenoids, pharyngitis, laryngitis and 
tracheobronchitis 


e Nasobronchial allergy and asthma 


Bronchiolitis, pneumonia, and pulmonary abscess; 
empyema 


° Measles 
¢ Whooping cough 
¢ Foreign body in air passages 


Causes of Chronic and Recurrent Cough 


¢ Inflammatory disorders of airway: Asthma and Loeffler 
syndrome 


Infection: Viral, bacterial, chlamydia, mycoplasma, 
tuberculosis, parasitic 


Inhalation of environmental irritants such as tobacco 
smoke, dust 
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© Suppurative lung disease: Bronchiectasis, cystic fibros;. 

¢ Foreign body retained in bronchi 

¢ Congenital malformations, sequestrated lobe 

homalacia | 

° pecs deficiency, primary ciliary dyskinesia 

© Anatomic lesions: Tumors, tracheal stenosis, H-type 
tracheoesophageal fistula 

¢ Psychogenic, habit cough ‘ 

© Post-nasal discharge, sinusitis 

* Gastroesophageal reflux disease 

* Interstitial lung disease 


Expectoration 


Children have difficulty in expectorating, and hence 
swallow respiratory secretions. Older children with 
chronic respiratory problems may bring out expectoration, 
Common causes of significant expectoration include 
bronchiectasis, lung abscess, bronchitis, asthma, and 
tuberculosis. The amount and nature of expectoration may 
give clue about the etiology. Investigations such as cell 
count, Gram stain and culture or stain for AFB and culture 
help in diagnosis and guiding treatment. 


Hemopftysis 


Hemoptysis is defined as blood-stained expectoration. 
Causes of hemoptysis may be necrotizing pneumonia, 
foreign body aspiration, bleeding diathesis, cavitatory 
tuberculosis, idiopathic pulmonary hemosiderosis, mitral 


stenosis, dilated cardiomyopathy, Goodpasture syndrome 
and small vessel vasculitis. 


Respiratory Sounds 


Sounds originating from the respiratory system may be 
heard with or without a stethoscope (Table 15.1). The 
intensity and pitch of these sounds vary based on their site 
of origin within the respiratory tract, the dictum being that 
the pitch increases and the intensity decreases as one g0€9 
lower into the respiratory tract. Snoring is a loud but low- 
pitched sound because it results from the oropharynx, while 
wheeze is high pitched and less intense since it originates 
from the lower tract. Generally, extrathoracic airway 
obstruction produces inspiratory sounds, intrathoracic 
major airway produces inspiratory as well as expiratory 


sounds and distal airway obstruction produces 
predominantly expiratory sounds. 


te iss heb ~~" Table 15.1: Respiratory sounds 


Sound — Causes 

Snoring Oropharyngeal obstruction 
Grunting Partial closure of glottis 
Rattling Secretions in trachea/bronchi 
Stridor Obstruction of larynx or trachea 


Wheeze Lower airway obstruction 


Character 

Inspiratory, low pitched, irregular 
Expiratory 

Inspiratory, Coarse 


Inspiratory sound; may also have expiratory component 
Continuous high-pitched musical sound: expiratory 
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Rattling 


Rattling is due to excessive secretions in the pharynx or 
tracheobronchial tree, as in asthma, bronchitis, tracheo- 
bronchial stenosis and aspiration of gastrointestinal contents 
into the tracheobronchial tree may also result in rattling. 


Wheezing 


Wheezing refers to high-pitched whistling sounds audible 
without auscultation. Wheezing causes considerable 
anxiety to the parents. Partial obstruction of the bronchi 
and bronchioles leading to narrowing produces wheezing. 
However, sufficient air must flow through the narrowed 
airway to produce the wheezing sound. Wheezing may 
be due to causes within the lumen or in walls of the bronchi. 
e Wheeze associated lower respiratory tract infection; viral 
infection with wheeze: Wheezing is often due to 
heightened sensitivity of the respiratory tract, following 
infections that cause bronchospasm. Attacks of 
wheezing are preceded by a cold or acute respiratory 
disease. These are most frequent between 3 and 8 years 
of age and become less frequent thereafter. These 
episodes may be relieved by use of bronchodilators. 
¢ Bronchiolitis 
Bronchial asthma 


Tropical eosinophilia is more frequent in adults than in 
children. It is an unusual from of infection with 
filariasis, e.g. Dirofilaria imitis, W. bancrofti and B. malayi. 
Clinical features simulate chronic recurrent asthma. 
X-ray films show fine infiltrates with snowflake like 
appearance, which should be distinguished from 
miliary tuberculosis. Leukocyte count shows 
eosinophilia. The patients are treated with diethyl 
carbamazine (10 mg/kg) in 3 divided doses orally for 

2 to 3 weeks. Two or three courses may be given. 

* Loeffler syndrome occurs due to migration of Ascaris 
larvae through the lungs, resulting in transient episodes 
of wheezing, respiratory distress and eosinophilia. 

* Hypersensitivity pneumonitis. 

Inhaled foreign bodies cause sudden onset unilateral 

localized wheeze. 

Enlarged mediastinal nodes (tuberculosis or neoplasm), 

anomalous left pulmonary artery compressing the right 

main bronchus, cystic fibrosis, pulmonary hemo- 
siderosis and mediastinal cysts constitute rare causes 
of wheezing. 


wR 


‘Clinical features Supraglottic obstruction 
Stridor Inspiratory 

Severity Usually less serious 
Cry Muffled 

Dyspnea Less severe 

Cough Less marked 


Table 15.2: Distinguishing between stridor due to supraglottic and tracheal obstruction 


Stridor 


Stridor indicates upper respiratory obstruction and is 
accompanied by hoarseness, brassy cough, dyspnea, 
retractions of the chest during inspiration and restlessness. 
Accessory muscles of respiration are usually being used. 
Stridor is common in infants and attributed to the (i) small 
size of the larynx, (ii) loose submucous connective tissue 
around the glottis, and (iii) rigid cricoid cartilage encircling 
the subglottic zone. 

Acute stridor: Acute upper airway obstruction in the 
region of glottis may be produced by inflammation and 
edema, and may be life-threatening. The obstruction may 
either be supraglottic (epiglottitis) or subglottic (infectious 
croup) (Table 15.2). 


Chronic stridor: Congenital laryngeal stridor is caused by 
flaccidity (laryngomalacia) or easy collapsibility of the 
aryepiglottic folds or epiglottis. This condition manifests 
by the end of the first week or during the second week 
after birth. The stridor is characteristically intermittent, 
and is aggravated by crying or feeding. It is modified in 
sleep or by change of posture. While the loud inspiratory 
sound frightens the parents, the infant is relatively 
comfortable. Respiratory distress and chest retractions are 
absent or minimal, and feeding behavior and activity are 
generally normal. Breathing difficulty may be significant, 
if micrognathia and cleft palate are associated. Congenital 
laryngeal stridor disappears spontaneously by 
6-12 months of age. Infants may develop aspiration of 
feeds and frequent lung infections. 

Congenital laryngeal tracheal stenosis or web is characterized 
by weak cry, hoarse labored breathing and reduced air entry 
in infants. In subglottic tracheal stenosis, the cry is un- 
affected and the stridor is both inspiratory and expiratory. 

Laryngeal cysts or neoplasm including angioma, 
papilloma, lymphangioma and retention cysts may cause 
stridor. Stridor is common in infants with hydrocephalus 
and Down syndrome. 

Bilateral vocal cord paralysis may result from brainstem 
injury. Unilateral paralysis is due to the involvement of 
the recurrent laryngeal nerve that is more common on the 
left side, due to the longer course of the nerve that hooks 
around the aorta from the front to back. 


Extrinsic obstruction: Vascular rings show intermittent 
stridor that becomes worse when the neck is flexed. Infants 
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Tracheal obstruction 
Usually expiratory 
More serious 

Normal 

More marked 

Deep barking, brassy 
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thus prefer to keep the head in a position of hyper- 
extension. Tumors of the neck such as mediastinal goiter, 
lymphangioma and thyroglossal duct cyst rarely cause 
respiratory obstruction and stridor. 


Treatment: The diagnosis of congenital laryngeal stridor 
is made on direct laryngoscopy. Fluoroscopy after barium 
swallow is required to rule out extrinsic obstruction. 
Tumors and cysts require surgical excision. Corticosteroids 
may hasten recovery in patients with laryngeal edema, 
Most infants with congenital laryngeal stridor do not 
require specific treatment. Gavage feeding is done, if 
respiratory distress is marked. 


Dyspnea 
Tachypnea means abnormally rapid respiration. Dyspnea 
refers to labored or difficult breathing, usually accom- 


panied by pain and air hunger. The causes are listed 
below. 


Respiratory System 


Newborn: Hyaline membrane disease, hypoplastic lung, 
diaphragmatic hernia and eventration, meconium 
aspiration, pulmonary edema, congenital heart disease, 
septicemia or neurologic depression. 


‘Infants and children: Pneumonia, bronchiolitis, bronchial 
asthma, aspiration, pneumothorax, pleural effusion, 
collapse, obstructive emphysema or pulmonary edema. 


Cardiovascular System 


Myocarditis, pulmonary edema, pericarditis, congestive 
heart failure. 


Miscellaneous 


Anemia, Pickwickian syndrome, chest deformities, painful 
breathing due to fractured rib or pleuritis, acidosis, 
diabetes and uremia, smoke inhalation, myasthenia gravis. 


Epistaxis 


Epistaxis or bleeding from the nose is rare in children 
below the age of 3 years. It may occur due to local or 
systemic causes. Local causes include: (i) trauma to nose 
caused by nose picking, (ii) capillary malformations in 
the Little area, (iii) foreign body, (iv) bleeding polyps, 
(v) allergic rhinitis and nasal diphtheria. Systemic causes 
include: (i) systemic hypertension, (ii) blood dyscrasia 
(coagulation, bleeding disorders), and (iii) pertussis. 


Treatment: Pressure on alae nasi for 10 minutes controls 
bleeding in most cases. In resistant cases, the nasal mucosa 
is plugged with gauze piece socked in 1:10,000 solution 
of adrenaline hydrochloride as a temporary measure. 
Profuse bleeding is more likely to arise posteriorly, from 


the sphenopalatine vessels. Firm anterior and posterior 
packing is done. 
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INVESTIGATIONS FOR RESPIRATORY ILLNESSES 


Bronchoscopy 

Flexible fiberoptic bronchoscopy, done under loca 
anesthesia, is used for diagnosis of structural abnormal; 
of airways, detection of foreign bodies, obtaining 
bronchoalveolar lavage samples for cell morphology and 
culture, and performing biopsies. Rigid bronchoscop 
requires general anesthesia and is commonly used for 
removal of foreign bodies or obtaining biopsies. 


Pulmonary Function Tests (PFT) 


PFT are important tools for monitoring patients with 
respiratory illness. Since the procedure requires 
cooperation of the patient, these tests are usually 
performed above the age of 5-7 years. Commonly 
measured parameters are forced expiratory volume in first 
second (FEV1), forced vital capacity (FVC), mid-expiratory 
flow rate (FEF25-75) and ratio of FEV1/FVC. Normal 
FEV1/FVC ratio is between 0.8 and 1.0; in obstructive 
diseases (e.g. asthma), the ratio is reduced. In restrictive 
lung diseases (interstitial lung disease), the ratio of FEV1/ 
FVC is normal but FVC is reduced below 80% of predicted. 


Blood Gas Analysis 


Estimation of blood pH and partial pressures of oxygenand 
carbon dioxide gives an estimate of pulmonary functions. 
Arterial blood gas analysis is used for monitoring therapy 
in respiratory failure. Partial pressures of oxygen less than 
60 mm Hg and of carbon dioxide more than 50 mm Hg 
suggest respiratory failure. 


Imaging 


A standard radiograph and newer tools like computerized 
tomography (CT) are non-invasive diagnostic methods. 
X-ray films help in diagnosis of soft tissue and bony 
abnormalities, diagnosis of acute and chronic pulmonary 
infections. CT scans are used for visualization of lymph 
nodes, tumors, bronchiectasis and pleural pathologies: 


Sweat Chloride 


Estimation of sweat chloride is done using pilocarpiné 
iontophoresis. In normal children, sweat chloride values 
are <40 mEq/L; level more than 60 mEq/Lis seen in cystic 


fibrosis. Values between 40 and 60 mEq/L are borderline 
and need to be repeated. 
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UPPER RESPIRATORY TRACT INFECTIONS —__ 
Nasopharyngitis (Common Cold) 


Common cold is the most frequent illness in childhood, 
caused by adenoviruses, influenza, rhinovirus, para- 
influenza or respiratory syncytial viruses. These are spread 
by droplet infection. Predisposing factors include chilling, 


sudden exposure to cold air, and overcrowding. Rhinitis 
could also be due to allergy. 


Clinical Features 


These include fever, thin nasal discharge and irritability. 
Cervical lymph nodes may enlarge. Nasopharyngeal 
congestion causes nasal obstruction and respiratory 
distress. Eustachian tube opening may be blocked leading 
to serous otitis media and congestion of tympanic 
membrane. In allergic rhinitis, there is a clear mucoid 
discharge with sneezing. There is no contact with an 
infected patient and history of allergy is usually present. 
Wheezing may occur in a significant proportion of cases. 

Narrowing of the airway and pharyngeal irritation 
causes dry hacking cough. Excessive lacrimation is due 
to the blocked lacrimal ducts in the nose. Nasal discharge 
may become purulent, if secondarily infected. The illness 


usually lasts for 2-3 days but cold may persist up to two 
weeks. 


Complications 


Otitis media, laryngitis, sinusitis, bronchiolitis, 
bronchopneumonia and exacerbation of asthma. 


Differential Diagnosis 


Nasal foreign body may present with unilateral 
Serosanguineous or purulent discharge from nose. 


Snuffles is clear mucoid discharge from the nose-in the 
first few weeks of life. Snuffles of congenital syphilis is 
rare and causes bilateral serosanguineous discharge 
commonly excoriating the upper lip and leaving fine scars. 
Nasal strictures may ulcerate leaving a flat nasal bridge. 


Treatment 


Relieve nasal congestion: Nose drops of saline may give 
Symptomatic relief. Nasal decongestants (ephedrine, 
xylomatozoline) may cause rebound congestion and 
should be avoided. Antihistaminics dry up thin secretions 
and relieve sneezing but should be avoided in the first 
6 months of life. Newer non-sedating agents (loratidine, 
cetirizine) are useful in allergic rhinitis. 


Fever is controlled by antipyretics such as paracetamol. 


Cough syrups suppress cough and retention of mucoid 
secretions that predispose to spasmodic cough, wheezing, 
atelectasis and suppuration. These agents should be 
avoided in infants and young children. 


Antibiotics are of little value in viral infections. These are 
used, if the secretions become purulent, the fever continues 
to rise and if the child develops bronchopneumonia. 


Nursing care includes protecting from sudden exposure 
lo chills, Feeding should be continued to maintain hydration. 


Acute Tonsillopharyngltis (Sore Throat) 


Acute inflammation of the pharynx and tonsils is usually 
caused by viral infections such as adenovirus, influenza, 
parainfluenza, enterovirus and Ebstein-Barr virus. It may 
also be caused by measles, rubella, Streptococcus pyogenes 
especially group A (}-hemolytic streptococci, Mycoplasma 
pneumoniae and Candida albicans. 


Ciinicol Features 


Fever, malaise, headache, nausea and sore throat are 
characteristic. It is difficult to distinguish clinical 
syndromes due to viral or streptococcal infections. 
Hoarseness, cough and rhinitis are common in viral 
infection. In these, the onset is gradual and there is less 
toxemia. In streptococcal infections, cervical lymph nodes 
are enlarged and illness is more acute with high fever, 
exudates over tonsillar surface and absence of nasal 
discharge or conjunctivitis. Young children may not 
complain of sore throat, but refuse to feed normally. 


Complications 


The illness may be complicated in the acute stage by otitis 
media, sinusitis, and peritonsillar and retropharyngeal 
abscesses. The infection may spread down the 
tracheobronchial tree and cause tracheobronchitis and 
pneumonia. Streptococcal sore throat may be followed a 
few days later by immune-mediated conditions, presenting 
with acute rheumatic fever and acute glomerulonephritis. 


Diagnosis 


The possibility of pharyngitis due to group A beta- 
hemolytic streptococci should be considered in patient 
presenting with fever, exudates in throat, tender enlarged 
cervical nodes and absent nasal or conjunctival congestion. 
Throat culture for group A B-hemolytic streptococci helps 
in definitive diagnosis. Neutrophil count is often elevated. 
Rapid diagnostic tests for (i-hemolytic streptococci are not 
frequently available. 


Differential Diagnosis 


Herpangina is an acute febrile illness caused by group A 
Coxsackievirus. Patients have dysphagia, sore throat and 
papulovesicular lesions surrounded by erythema over the 
tongue, pharynx, anterior tonsillar pillars and soft palate. 
Pharynx appears congested. 
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Diphtherla Ia characterized by moderate grade fever, 
severe toxemia, sore throat and membrane formation over 
the fauces or palate, The Hagnosis is confirmed by urgent 
amear examination from throat swab, 


Agranulocytoala may present with similar symptoms; 
blood count show” neutropenia, 


Patlents with plaryugoconfunetival fever present with 
fever, conjunctivitis, pharyngitis and cervical 
lymphadenttin due to Infection with adenovirus type III, 


Infections mononueleosia \s characterized by lympha- 
denopathy, morbilliform rash, hepatosplenomegaly and 
sometimes aseptle meningitis. 

Treatment: Paracetamol {6 administered for fever, Soft 
food Is given because swallowing is painful, Warm saline 
gargles are preseribed for older children, Younger children 
are encouraged to sip warm tea, 

Antibiotics are not used for viral infections. Infections 
with J-hemolytic streptococei are treated with penicillin 
V orally, injections of procaine penicillin or oral 
erythromycin for 10) days, Parents must be counseled 
regarding the need to complete 10 days therapy with 
antibiotics. If compliance is a problem, a single dose of 
intramuscular benzathine penicillin is advised. 
Cotrimoxazole and fluoroquinolones, which are otherwise 
used for a variety of indications, should not be used in 
these patients. 


Recurrent Attacks of Sore Throat 


Parents often seek advice for the treatment of recurrent 
sore throat in their children. A detailed history and 
physical examination is done. Paranasal sinuses and ears 
should be examined for infection that if present, should 
be appropriately treated. Smoky and dusty atmosphere 
should be avoided, Damp environment and overcrowding 
predispose children to recurrent upper respiratory tract 
infections. 

Every episode of bacterial pharyngitis should be treated 
with adequate doses of antibiotics for at least 10 days. A 
single intramuscular dose of benzathine penicillin is also 
adequate. Patients with {5-lactamase producing bacteria 
in the pharynx should receive coamoxiclav. Clindamycin 
is an effective agent to eradicate the carrier state. Jn 
patients with recurrent streptococcal sore throat, penicillin 
prophylaxis for 3-6 months is recommended. 

Tonsillectomy does not prevent recurrence of strepto- 
coccal infections, The procedure may be recommended in 
children with multiple episodes of tonsillitis or in case of 
tonsillar or peritonsillar abscess. Jt may reduce the incidence 
of group A beta-hemolytic streptococcal infection. 
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LOWER RESPIRATORY TRACT INFECTIONS 


Acute lower respiratory tract infections are the leadine 
cause of death in children below 5 years of age. Disease, 
under this heading include the croup syndromes 


bronchitis, bronchiolitis and pneumonia. 


Croup 
The term croup is used for conditions with a peculiar 


brassy cough with or without inspiratory Stridor, 
hoarseness or respiratory distress. Conditions asSOciated 
with this syndrome include acute epiglottitis, laryngitis, 
laryngotracheobronchitis and spasmodic laryngitis. 


Eplglottitis 

Supraglottitis including epiglottitis and inflammatory 
edema of the hypopharynx, is caused chiefly by 
Haemophilus influenzae type b. The illness starts with a minor 
upper respiratory tract illness, which progresses rapidly 
within a few hours. The child has high fever and difficulty 
in swallowing. The child is not able to phonate and often 
sits up leaning forwards with his neck extended and saliva 
dribbling from his chin which appears to be thrust 
forwards. Accessory muscles of respiration are active and 
there is marked suprasternal and subcostal retractions. As 
the child becomes fatigued, the stridor diminishes. The 
diagnosis of epiglottitis is made by a cautious direct laryngo- 
scopy; the epiglottis is angry red and swollen. Injudicious 
attempt to examine the throat may, at times cause death 
by sudden reflex spasm of the larynx. In case these 
procedures are considered essential, the equipment and 
personnel for respiratory resuscitation should be readily 
available. 


Laryngitis and Laryngotracheobronchitis (Infection ~-oun] 


These conditions are almost always caused by viral infec- 
tions, chiefly parainfluenza type 1. Other viruses include 
respiratory syncytial, parainfluenza types 2 and 3, influenz4, 
adeno and rhinovirus. The onset of illness is gradual with 
cold for a few days before the child develops brassy cough 
and an inspiratory stridor. As obstruction increases, the 
stridor is marked; suprasternal and sternal recession 
become manifest. The child becomes restless and anxious 
with tachypnea due to increasing hypoxemia. Eventually 
cyanosis appears. As obstruction worsens, breath sounds 
are inaudible and stridor may apparently decrease. 


Spasmodic Croup 

It occurs in children between the age of 1 and 3 yea 
There is at times no preceding coryza. The child wakes 
up suddenly in the early hours of the morning ¥!! 
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Mild 

Happy, feeds well, interested In 
surroundings 
Stridor on coughing, 
No distress 

>92% in room air 


General appearance 


Stridor 
Respiratory distress 
Oxygen saturation 


brassy cough and noisy breathing. The symptoms 
improve within a few hours, but the illness recurs on 
subsequent days. The course is benign and patients 


recover completely. Humidification of the room might 
benefit. 


Differential Diagnosis 


Croup syndromes should be distinguished from each 
other, and from diphtheritic croup and occasionally with 
measles. Angioneurotic edema, retropharyngeal abscess 


or aspiration of foreign body may also cause respiratory 
obstruction. 


Management 


Patients with epiglottitis need hospitalization. Humidified 
oxygen is administered by hood; face masks are not well 
tolerated. As oxygen therapy masks cyanosis, watch is 
kept for impending respiratory failure. Sedatives should 
not be used. Unnecessary manipulation (that may induce 
laryngeal spasm) is avoided. Fluids are administered for 
adequate hydration by IV route. Third generation cephalo- 
sporins (cefotaxime, ceftriaxone 100 mg/kg/day) is 
recommended for patients with epiglottitis. Endotracheal 
intubation or tracheostomy may be required, if response 
to antibiotics is not adequate and obstruction is worsening. 


Patients with laryngotracheobronchitis should be 
assessed for severity of illness based on general 
appearance, stridor (audible with/without stethoscope), 
oxygen saturation and respiratory distress (Table 15.3). 


Mild cases can be managed on ambulatory basis with 
symptomatic treatment for fever and encouraging the 
child to take liquids orally. Parents are explained about 
the progression of diseases and to bring the child back to 
hospital in case of worsening of symptoms. Moderately 
severe patient require hospitalization and treatment with 
epinephrine (1:1000 dilution 0.1-0.5 mL/kg; maximum 
5mL) administered through nebulizer for immediate relief 
of symptoms. All patients with severe croup should 
receive a single dose of dexamethasone (0.3-0.6 mg/kg 

within the first 24 hours. Inhalation of budesonide, 


at dose of 1 mg twice a day for 2 days, has also shown 
Satisfactory results. 


Severe croup requires urgent hospitalization with 
xygen inhalation, therapy with epinephrine and steroids 
(as above), and occasionally short-term ventilation. 


Se 


“Table 15.3: Assessment of severity of acute laryngotracheobronchitis 


Moderate Severe 
Irritable; can be comforted Restless, agitated or altered 
sensorium 


none at rest Stridor at rest: worsens if agitated Stridor at rest; worsens on agitation 
Tachypnea; chest retractions 
>92% in room air 


Marked tachypnea; chest retractions 
<92% in room air; may be cyanosed 
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PNEUMONIA 
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Pneumonia may be classified anatomically as lobar or 
lobular pneumonia, bronchopneumonia and interstitial 
pneumonia. Pathologically, there is a consolidation of 
alveoli or infiltration of the interstitial tissue with 
inflammatory cells or both. 


Etiology 


A viral etiology, chiefly RSV, influenza, parainfluenza or 
adenovirus is present in ~40% patients. In over two-thirds 
of patients, a bacterial etiology is identified- Common 
bacterial agents in the first 2 months of life include gram 
negative (Klebsiella, E. coli) and gram-positive organisms 
(pneumococci, staphylococci). Between 3 months to 3 years, 
the chief bacterial organisms are pneumococa, H. influenzae 
and staphylococci. After 3 years, common bacterial 
pathogens include pneumococci and staphylococci. 
Chlamydia and Mycoplasma species may cause community- 
acquired pneumonia in adolescents and children. Gram- 
negative organisms cause pneumonia in early infancy, 
severe malnutrition and immunocompromised children. 
Pneumocystis jirovecti and histoplasma may also cause 
pneumonia in the immunocompromised. The etiology 
remains unknown in one-third of the cases. 


Clinical Features 


Risk factors for pneumonia include low birth weight, 
malnutrition, vitamin A deficiency, lack of breastfeeding, 
passive smoking, large family size, family history of 
bronchitis, advanced birth order, crowding, young age 
and air pollution. Indoor air pollution is a major risk factor 
for acute lower respiratory tract infection in children in 
developing countries. Onset of pneumonia may be 
insidious starting with upper respiratory tract infection 
or acute with high fever, tachypnea, dyspnea and grunting 
respiration. There is flaring of alae nasi and retractions of 


lower chest and intercostal spaces. Signs of consolidation 
are observed in lobar pneumonia. 
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Pneumococcal Pneumonia 


Respiratory infections due to S. pnetmoniae are transmitted 
by droplets and are common in winter months. Over- 
crowding and reduced host resistance predisposes the 
children to infection with pneumococci. Bacteria multiply 
in the alveoli, resulting in an inflammatory exudate. 
Scattered areas of consolidation occur that coalesce around 
bronchi and later become lobular or lobar in distribution, 

The incubation period is 1 to 3 days. The onset is abrupt 
with headache, chills, cough and high fever. Cough is 
initially dry but may be associated with thick rusty sputum. 
Child may develop chest pain that is occasionally referred 
to the shoulder or abdomen. Respiration is rapid. In severe 
cases, there may be grunting, chest indrawing, difficulty in 
feeding and cyanosis. Percussion note is impaired, air entry 
is diminished, and crepitations and bronchial breathing is 
heard over areas of consolidation. Bronchophony and 
whispering pectoriloquy may be observed. Meningismus 
may be present in apical pneumonia. 

The diagnosis is made on history, examination, X-ray 
findings of lobar consolidation (Fig. 15.1) and leukocytosis. 
Bacteriological confirmation is difficult but sputum may 
be examined by Gram staining and culture. Blood culture 
may be positive in 5-10% cases. Demonstration of 
polysaccharide antigen in urine and blood is not specific 
for pneumonia, since it may be positive in patients with 
colonization in throat. 

Penicillin G 50000 IU/kg/day is given IV or IM in 
divided doses for 7 days. Therapy with IV cefotaxime, 
ceftriaxone or coamoxiclav is equally effective. 


Staphylococcal Pneumonia 


Staphylococcal pneumonia occurs in infancy and 
childhood. Pneumonia may be primary infection of the 
parenchyma or secondary to staphylococcal septicemia. 
It may be a complication of measles, influenza and cystic 
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Fig. 15.1: X-ray chest showing lobar consolidation of right upper 
lobe 
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Fig. 15.2: X-ray chest showing staphylococcal pneumonia, Note 
consolidation in both lung fields with pneumatocoeles (arrow) 


fibrosis or follow staphylococcal pyoderma. Debilitating 
conditions including malnutrition, diabetes mellitus and 
macrophage dysfunction also predispose to infection with 
staphylococci. 

In infants, the pneumonic process is diffuse initially, 
but soon the lesions suppurate resulting in broncho- 
alveolar destruction. Multiple microabscesses are formed, 
which erode the bronchial wall and discharge their 
contents in the bronchi. Air enters the abscess cavity 
during inspiration; progressive inflation results in 
formation of pneumatoceles that are pathognomonic of 
staphylococcal pneumonia (Fig. 15.2). Staphylococcal lung 
abscesses may erode into the pericardium causing 
purulent pericarditis. Empyema below 2 years of age is nearly 
always staphylococcal in etiology. 

Pulmonary infection may be associated with 
disseminated disease, with abscesses in joints, bone, 
muscles, pericardium, liver, mastoid or brain. The 
diagnosis of staphylococcal pneumonia is suspected in 
infants with pneumonia with features of systemic 
staphylococcal infection. Complications of py0- 
pneumothorax and pericarditis are highly suggestive of 
the diagnosis. 

The child is hospitalized. Fever is controlled with 
antipyretics and hydration is maintained by IV fluids. 
Oxygen is administered to relieve the dyspnea and 
cyanosis. Antibiotic therapy should be prompt and carried 
out with penicillin G, coamoxiclav, cloxacillin oF 
ceftriaxone. If the patient does not respond, vancomycity 


teicoplanin or linezolid may be used. Prolonged therapy 
(2-6 weeks) is desirable, 


Complications: Pneumatoceles do not require specific 
measures. Empyema and pyopneumothorax are treated by 
intercostal drainage under water seal or low pressur 
aspiration. Metastatic abscesses require surgical drainag® 
Significant pleur al thickening that might prevent expansion 
of the underlying lung may require decortication, by open 
thoracotomy or thoracoscopic surgery. 
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yemophilus Pneumonia 


H. influenzae infections occur between the age of 3 months 
and 3 years, nearly always associated with bacteremia. 
Infection begins in the nasopharynx and spreads locally 
or through blood. Patients present with moderate fever, 
dyspnea, grunting and retraction of lower intercostal 
spaces. The presentation may mimic acute bronchiolitis; 
however, at times the course is subacute and prolonged. 
Complications include bacteremia, pericarditis, empyema, 
meningitis and polyarthritis. 

Hemophilus pneumonia is best treated with parenteral 
ampicillin (100 mg/kg/day) and coamoxiclav. Cefotaxime 
(100 mg/kg/day) and ceftriaxone (50-75 mg/kg/day) are 
satisfactory agents for therapy. 


Streptococcal Pneumonia 


Streptococcal infection by group A beta-hemolytic strepto- 
cocci may follow measles, varicella, influenza or pertussis. 
Though uncommon in India, group B streptococcal 
pneumonia is an important cause of respiratory distress 
in newborns. Streptococci cause interstitial pneumonia, 
which may at times be hemorrhagic. 

The onset is abrupt with fever, chills, cough, dyspnea, 
rapid respiration and blood-streaked sputum. Signs of 
bronchopneumonia are generally less pronounced, as the 
pathology is usually interstitial. Thin serosanguineous or 
purulent empyema is a complication. 

Radiograph shows interstitial pneumonia with 
segmental involvement, diffuse peribronchial densities or 
an effusion, which needs to be distinguished from primary 
atypical pneumonia. Blood counts show neutrophilic 
leukocytosis, Penicillin G is recommended at doses of 
50,000 to 100,000 IU/kg body weight, daily in divided 
doses for 7-10 days. Alternative antibiotics include second 
or third generation cephalosporins (cefaclor, cefuroxime, 
ceftriaxone, cefotaxime). 


Primary Atypical Pneumonia 

The etiological agent of primary atypical pneumonia is 
Mycoplasma pneumoniae, a small free living organism. 
Other pathogens include Chlamydia and Legionella spp. The 
disease is transmitted by droplet infection, occurring in 
epidemics chiefly in winter among children in 
overcrowded living. Disease due to Mycoplasma spp. is 
uncommon below 4 years of age, although subclinical and 
mild infections are reported. 

The incubation period is 12 to 14 days; onset of the 
illness may be insidious or abrupt. Initial symptoms are 
malaise, headache, fever, sore throat, myalgia and cough. 
Cough is dry at first but later associated with mucoid 
€xpectoration, which may be blood streaked. Dyspnea is 
unusual. There are very few physical signs, except mild 
pharyngeal congestion, cervical lymphadenopathy and a 
few crepitations. Cold agglutinins are elevated in 30-60% 
Patients; hemolytic anemia is uncommon. 


X-ray findings are more extensive than suggested by 
physical findings. Infiltrates involve one lobe, usually the 
lower. Poorly defined hazy or fluffy exudates radiate from 
the hilar regions, occasionally with enlarged hilar lymph 
nodes and pleural effusion. It is difficult to distinguish 
Mycoplasma from viral or rickettsial pneumonia. Diagnosis 
is made by detection of IgM antibody by ELISA during 
the acute stage; IgG antibodies are present after 1 week. 
M. pneumoniae may be recovered from the pharynx and 
sputum; the diagnosis is confirmed on polymerase chain 
reaction. 

Patients are treated with macrolide antibiotics 
(erythromycin, azithromycin, clarithromycin) or 
tetracycline for 7-10 days. 


Pneumonia due to Gram-negative Organisms 


E. coli, Klebsiella and Pseudomonas affect small children 
(<2 months old), children with malnutrition and poor 
immunity. Pseudomonas may colonize airways of patients 
with cystic fibrosis and causes recurrent pulmonary 
exacerbations. The onset of illness is gradual and assumes 
serious proportions. Signs of consolidation are minimal. 
Constitutional symptoms are more prominent than 
respiratory distress. Radiograph shows multiple areas of 
consolidation; those with E. coli or Klebsiella pneumoniae 
may have pneumatoceles. Administration of IV cefotaxime 
or ceftriaxone (75-100 mg/kg/day) with or without an 
aminoglycoside is recommended for 10 to 14 days. In case 
of suspected Pseudomonas infection, ceftazadime is the 
drug of choice. 


Viral Pneumonia 


Respiratory syncytial virus is the chief cause under 
6 months of age. At other ages, parainfluenza, influenza 
and adenoviruses are common, presenting with extensive 
interstitial pneumonia. Clinical signs of consolidation are 
absent. Radiological signs consist of perihilar and 
peribronchial infiltrates. 


Aliphatic Hydrocarbon Associated Pneumonia 


Kerosene exerts its toxic effects on the lungs and central 
nervous system. Milk and alcohol promote absorption 
through the gastrointestinal tract. Since kerosene has low 
viscosity and low surface tension, it diffuses quickly from 
the pharynx into the lungs. Features of hydrocarbon 
pneumonia include cough, dyspnea, high fever, vomiting, 
drowsiness and coma. Physical signs are minimal. X-ray 
film of the chest shows ill-defined homogeneous or patchy 
opacities, and may resemble miliary mottling. 

Vomiting is not induced. Gastric lavage is avoided to 
prevent inadvertent aspiration. The patient is kept on 
oxygen. Routine antibiotics are not indicated. 
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Loeffler Synorome 


During their life cycle, larvae of many nematodes 
(intestinal parasites) enter the portal circulation, and pass 
through the hepatic vein and inferior vena cava into the 
heart and lungs. In the lungs, the larvae penetrate the 
capillaries, enter the alveoli, and block bronchi with mucus 
and eosinophilic material. Clinical features include cough, 
low fever and scattered crepitations. There is eosinophilia; 
radiograph shows pulmonary infiltrates of varying sizes 
that superficially resemble miliary tuberculosis. Treatment 
is symptomatic. 
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ACUTE RESPIRATORY TRACT INFECTION (ARI) 
CONTROL PROGRAM 


Acute lower respiratory tract infection (LRTI) is the chief 
cause of mortality in children below 5 years of age. Various 
studies from developing countries show that the 
etiological agent in LRTI is bacterial in 50-60% children. 
Common bacteria causing LRTI in preschool children 
(H. influenzae, S. pneumoniae, staphylococci) are sensitive 
to antibacterial agents like cotrimoxazole and amoxicillin. 
Judicious use of antibiotics in children suffering from 
ALRTI may prevent death due to pneumonia. In order to 
control LRTI deaths at primary health care level, the WHO 
has recommended criteria for diagnosis of pneumonia 
applicable for countries where the infant mortality rate is 
>40/1000 live births. 





Table 15.4: Children (2 months to 5 years) with cough or difficult breathing: Facilitate treatment decisions 


Ca tegory Essential features 


Cough or cold 


Pneumonia with or without 


lower chest indrawing 1-5 years >40/minute 


No fast breathing; no indicators of severe pneumonia 


Fast breathing: 2-12 months 250/minute; 
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‘teria for diagnosis of pneumonia include rapiq 
ein with ae without difficulty. Rapid respiratio,, 
is defined as rate more than 60, 50 or 40/minute in children 
below 2 months, 2-12 months, and 1-S years of age 
respectively. Difficulty in respiration is defined as lowe, 
chest indrawing. 

The WHO recommends that in primary care setting. 
children with cough (between 2 months and . years of 
age) should be examined for rapid respiration and 
difficulty in breathing, cyanosis or difficulty in feeding 
(Table 15.4). If the respiratory rate is normal, there is no 
chest indrawing and is feeding well, the child is assesseq 
to be suffering from upper respiratory tract infection and 
managed symptomatically. If the child has rapid 
respiration and chest indrawing, but no hypoxia (normal 
oxygen saturation), feeding well and does not have danger 
signs, he may be treated on ambulatory basis with oral 
amoxicillin at a dose of 40 mg/kg/dose twice daily for 
5 days. 

If there is severe chest indrawing, evidence of hypoxia 
or danger signs (lethargy, cyanosis, poor feeding, 
seizures), the patient is considered to have severe 
pneumonia. These patients require admission, supportive 
care and treatment with IV penicillin or ampicillin and 
gentamicin for at least 5 days. IV ceftriaxone may be used 
as second-line treatment. In children below 2 months old, 
the presence of any of the following indicates severe 
pneumonia: Fever 238°C, seizures, abnormally sleepy or 
difficult to wake, stridor, wheezing, not feeding, 
tachypnea, chest indrawing, altered sensorium, central 
cyanosis, grunting, apneic spells or distended abdomen. 
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BRONCHIOLITIS 
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This is one of the most common acute lower respiratory 
infections in infants, usually occurring in winter or spring: 
Affected infants are between the ages of 1 and 6 months, 


Treatment category 


Home care; home remedy for cough; 
Paracetamol for fever 


Home care; oral amoxicillin 


Lower chest indrawing, normal saturation 


Severe pneumonia 


Lower chest indrawing; unable to drink or 
breastfeed, convulsions, lethargy, unconsciousness, 


Inpatient care IM, IV benzylpenicillin oF 
ampicillin and gentamicin 


severe respiratory distress, central cyanosis 


Disorders of Respiratory System 


but the disease can affect children up to 2 years. 
Respiratory syncytial virus (RSV) is implicated in most 
cases, Other causative organisms are parainfluenza, adeno 
and influenza viruses and rarely M. pneumoniae. 

Protection against RSV is mediated by antibodies of 
IgG3 subclass. These antibodies have short half life and 
do not cross the placenta in substantial amount so as to 
offer protection to the infant. Since high quantities of 
secretory IgA antibodies to RSV are present in the 
colostrum, breastfeeding reduces the risk of an infant 
being hospitalized with bronchiolitis. 


Pathogenesis 


Inflammation of the bronchiolar mucosa leads to edema 
and bronchiolar spasm, thickening, formation of mucus 
plugs and cellular debris. As airway resistance is inversely 
related to the fourth power of the radius, even slight 
narrowing causes marked increase in resistance and 
reduced airflow. Resistance to airflow is increased both 
during inspiration and expiration. During expiration, the 
bronchioles are partially collapsed and, therefore, egress 
of air from the lungs is severely restricted during this 
phase. This leads to trapping of the air inside the alveoli 
causing emphysema. When obstruction is complete, the 
trapped air is absorbed resulting in atelectasis. Diminished 
ventilation and diffusion in severe bronchiolitis result in 
hypoxemia and respiratory acidosis. 


Clinical Features and Diagnosis 


The disease begins as an upper respiratory infection. After 
a few days, the child has high fever with rapid breathing 
and respiratory distress. Those with severe disease show 
retraction of lower intercostal spaces and suprasternal 
notch. In severe infection, infants have respiratory distress 
and are cyanosed. Expiration is prolonged; fine crepita- 
tions and rhonchi are auscultated. Breath sounds are faint 
or inaudible in severe cases. As air is trapped in the lungs, 
the liver and spleen are pushed down; anteroposterior 
diameter of the chest is increased and hyperresonance is 
noted on percussion. 

X-ray chest shows hyperinflation and infiltrates 
(Fig. 15.3). The diaphragm is pushed down and lung fields 
appear abnormally translucent. The leukocyte count is 
normal or slightly elevated. A rapid test on naso- 
Pharyngeal aspirate can identify the presence of RSV. 


Course and Prognosis 

Bronchiolitis is generally a self-limited illness, with 
Symptoms subsiding in 3-7 days. Death may occur, due 
to respiratory failure, in one percent of severcly ill patients. 
ne relationship of acute bronchiolitis to bronchial asthma 
In later life is seen in about one-fourth of cases. 


Differential Diagnosis 


Bronchial asthma: Bronchial asthma is unusual below the 
48¢ of 1 year. There is often a family history of asthma, 
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Fig. 15.3: X-ray chest in a |-year-old with acute bronchiolms. 
Note hyperinflation on both sides and a few infiltrates 


Several attacks occur in the same patient. Response to 
bronchodilators is more consistent in children with 
asthma, compared to bronchiolitis. 


Heart failure: Congestive heart failure is suggested in 
presence of cardiomegaly, tachycardia, enlarged liver, 
raised JVP, edema and basal crepitations. 


Foreign bodies: These are diagnosed by history of 
aspiration of foreign body, localized wheeze and signs of 
collapse or localized obstructive emphysema. 


Bacterial pneumonia: In bacterial pneumonia, the signs 
of obstruction are Iess pronounced, fever is high and 
adventitious sounds in lungs are prominent. 


Treatment 


Treatment of bronchiolitis is symptomatic. The child 
should be nursed in a humid atmosphere preferably in 
reclining position at 30° to 40° with head and neck 
elevated. Infants with mild disease can be cared for at 
home in a humidified atmosphere. If respiratory distress 
increases or feeding problems appear, the patient should 
be hospitalized. Moist oxygen inhalation is the mainstay 
of treatment, administered continuously even in absence 
of cyanosis. Fluids and electrolyte balance should be 
maintained, Very sick infants may need a concentration 
of 60% oxygen given through a hood, to maintain oxygen 
saturation more than 92%, 

Antibiotics have no role. Ribavirin, an antiviral agent, 
hag no role in the treatment of infants who were previously 
healthy. However, the medication shortens the course of 
iIIness in infants with underlying congenital heart disease, 
chronic lung disease and immunodeficiency. Ribavirin is 
delivered by a nebulizer 16 hours a day for 3-5 days in 


such cases. 
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Bronchodilators, inhaled or systemle sterolds and 
epinephrine have not been found useful in infants with 
acute bronchiolitis. Ifa patient shows improvement with 
bronchodilator or epinephrine, further doses may be given 
every +6 hours. Inhaled hypertonic saline has been shown 
to be effective in a subgroup of patients, Its roullne use ts 
not recommended, Continuous positive airway pressure 
(CPAP) or assisted ventilation is required to manage 
respiratory failure. Extracorporeal membrane oxygenation 
is effective in severe cases. 
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BRONCHIAL ASTHMA 


Bronchial asthma is a disease characterized by increased 
responsiveness of the airways to various stimuli. 
Widespread narrowing of the airways causes paroxysmal 
dyspnea, wheezing or cough. The diffuse obstruction to 
the airflow is reversible in a large majority of cases, either 
spontaneously or in response to treatment. 


Pathophysiology 


Diffuse airway obstruction in asthma is caused by 
(i) edema and inflammation of mucous membrane lining 
the airways, (ii) excessive secretion of mucus, inflamma- 
tory cells and cellular debris, and (iii) spasm of the smooth 
muscle of bronchi. 

Asthma has been classified as atopic (earlier called 
extrinsic; IgE mediated, triggered by allergens), non- 
atopic (earlier called intrinsic; non-IgE mediated, triggered 
by infection), mixed, exercise induced or aspirin induced. 
Inhalation of an allergen leads to a biphasic response with 
early and late reactions ultimately causing broncho- 
constriction. 


Triggers of Asthma 


Infections: Viral infections in young children are 
important triggers of airway narrowing. Viral infections 
might interfere with the integrity of mucosal surface by 
opening up tight intraepithelial cell junctions, inducing 
epithelial shedding. They also result in mucosal edema 
and mucus secretion. 


Exercise: Exercise-induced asthma occurs in genetically 
susceptible individuals with hyperreactive airways 
because of evaporative water losses from the respiratory 
tract. Water loss induces mucosal hyperosmolarity, which 
stimulates mediator release from mast cells. 


Weather: Sudden change of weather may result in: 
(i) evaporative water losses from lower airways; and 
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(11) release of airborne allergens In atmosphere th,, 
exacerbate asthma, 


Emotiona: Stress, through the vague nerve, may initia, 
bronchtal smooth muscle constriction. 


Food: Allergy to food proteins or additives has a, 
Inslgnificant role In pathogencsls of asthma. 


Endocrine: Children may get Increase in symptoms during 
puberty. 


Clinical Features 


The clinical features of asthma vary from recurrent cough 
to severe wheezing; symptoms occur with change in 
season and are aggravated by exercise and more in nights, 
Acute asthma may usually begin with a cold or bouts of 
spasmodic coughing more so at night. In early phase of 
the attack, cough is non-productive. The patient is 
dyspneic, with prolonged expiration and wheezing. With 
increasing severity, accessory muscles of respiration are 
used. The child sweats profusely and is apprehensive and 
restless. 


In severe episodes, the child shows air hunger and 
fatigue. The presence of cyanosis, pulsus paradoxus and 
cardiac arrhythmias indicates severe illness. The chest is 
hyperresonant because of air trapping. Occlusion of 
bronchi by mucus plugs may result in collapse of small 
segments of the lung. As obstruction becomes severe, the 
airflow decreases markedly and breath sounds are feeble. 
Wheezing which was earlier audible may disappear. Thus 
absence of wheezing in presence of cyanosis and respira- 
tory distress does not suggest clinical improvement. 
During clinical recovery, airflow increases and wheezing 
may reappear, 

Persistence of hyperinflation of the chest even after 
subsidence of an acute episode signifies that the app irent 
relief from bronchospasm will be short lived. In chronic 
intermittent cases, the chest becomes barrel shaped. 
Clubbing of fingers, however, is unusual. 


Diagnosis 


The diagnosis of asthma is clinical in most cases. Recurrent 
attacks of wheezing or spasmodic cough are highly 
suggestive of bronchial asthma. Cough, which is asso- 
ciated with asthma generally, worsens after exercise. 
Sputum is clear and mucoid, but might be yellow due 0 
large number of eosinophils, 


Pulmonary function tests (PFT) are important fot 
diagnosis of doubtful cases and monitoring response !0 
therapy. Important parameters on spirometry include 
PEFR, FEV1, FVC and FEV25-75, all being decreased 
asthma. FEV1 is commonly used for documenting the 
severity of asthma. FEV25-75 is effort independent an® 
more sensitive indicator of airway obstruction. PEFR 1S 
measured with flow meter, while spirometry is requir 
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Disorders of Respiratory System 


for others. Abnormalities in PEFR suggestive of asthma 
include: Diurnal variation of more than 20%, $80% of 
predicted, and improvement of >20% after bronchodilator 
therapy. 


Absolute eosinophil counts might help distinguish allergic 
from infectious nature of chronic respiratory disease. 
When eosinophilia is present, the symptoms generally 
respond to antispasmodic therapy. 


Chest X-ray film shows bilateral and symmetric air 
trapping in case of asthma. Patches of atelectasis due to 
mucus plugs are not unusual. Main pulmonary artery may 
be prominent in severe cases due to pulmonary 
hypertension. Bronchial cuffing may occur due to the 
presence of edema fluid in perivascular and peribronchial 
interstitial space. Extensive areas of collapse or 
consolidation should suggest an alternative diagnosis. 
Occasionally, the chest radiograph may be normal. 


Allergy tests (e.g. skin test, RAST radioallergosorbent 
allergen specific IgE) have limited usefulness. Blood IgE 
may be raised in children with atopic asthma, but cannot 
be used as diagnostic test. The role of skin tests to identify 
sensitivity to different antigens, and desensitization is 
limited. 


Differential Diagnosis 


Bronchiolitis occurs within the first 2 years, usually within 
the first 6 months of life, usually in winter or spring. 
Generally, there is a single attack. Repeated attacks 
indicate viral infection associated wheeze or multi-trigger 
wheeze or asthma. Hyperinflation of chest with scattered 
areas of infiltration may be seen in chest X-ray, Asthma 
may start at any age; more than 3 episodes are usual and 
wheezing is prominent. Infants with bronchiolitis and 
atopic dermatitis, high IgE levels or family history of 
allergy need follow up for later development of asthma. 


Congenital malformations with obstruction (vascular 
rings due to aberrant right subclavian artery or double 
aortic arch, bronchogenic cysts, tracheomalacia) should 
be excluded in differential diagnosis. 


Aspiration of foreign body may result in localized area of 
wheeze, hyperresonance and reduced air entry. A history 
of foreign body aspiration may be forgotten. Most children 
have frequent infections in the lung. 


Hypersensitivity pneumonitis may follow inhalation of 
Organic dust (molds, wood, cotton or fur dust, bird 
droppings, grain) or exposure to specific agents (epoxy 
resins, PAS, sulfonamide, nitrofurantoin). Patients have 
fever, chills, dyspnea, malaise, aches and pain, rales 
(crackles) and weight loss. X-ray chest shows interstitial 
Pneumonia with prominent bronchial markings. Levels 
of IgG antibodies to specific antigen are increased. Skin 
test shows Arthus phenomenon with local hemorrhage, 
edema and pain within 8 hours. The diagnosis is 
established on lung biopsy. 


Cystic fibrosis presents with recurrent wheezing; patients 
show clubbing and malabsorption. X-ray chest shows 
hyperinflation, peribronchial cuffing and pneumonia. The 
diagnosis is made on sweat testing. 


Management of Asthma 


Bronchial asthma cannot be cured but can be controlled. 
Goals of therapy are: (/) maintain near normal pulmonary 
function; (ii) maintain near normal physical activity; 
(iii) prevent nighttime cough or wheezing with minimal 
chronic symptoms; (iv) prevent recurrences; (v) avoid 
adverse effects of therapy. Effective long-term manage- 
ment of asthma involves three major areas: 

i. Identification and elimination of exacerbating factors 
ii. Pharmacological therapy 
iii. Education of patient and parents about nature of 

disease and steps to avoid acute exacerbation 


Identify and Eliminate Exacerbating Factors 


Factors associated with development and precipitation of 
asthma are passive smoking, associated allergic disorders, 
inadequate ventilation at home with dampness, cold air, 
cold food, smoke, dust and pets in the family. Acute viral 
respiratory infections are one of the chief causes of 
exacerbation. 

Following measures may help in reducing risk of 

recurrences: 

i. The bedroom should be clean and free from dust. Wet 
mopping of the floor is encouraged. 

ii. Since heavy tapestry attracts dust, light plain cloth 
sheets should be used as curtains in the child’s 
bedroom. 

iii. Periodic cleaning of carpets, stuffed furniture, loose 
clothing and hangings, calendars and books. 

iv. The child’s bed should be made of light material and 
aired regularly. 

v. Caressing of animal pets is discouraged, as the child 
may be sensitive to their fur. 

vi. It is usually not necessary to restrict the diet, since 
food allergy is not the cause in most cases. 

vii. Adolescent patients should refrain from smoking. 
viii. Exposure to strong odors such as wet paint, 
disinfectants and smoke should be minimized. 

ix. The child should avoid attics or basements, especially 
if unoccupied and closed. 


i nding 


Pharmacotherapy 


Pharmacological therapy of bronchial asthma involves 
agents that relax smooth muscle and dilate airways, and 
those that decrease inflammation. Medications for long- 
term treatment of asthma include bronchodilators, 
steroids, mast cell stabilizers, leukotriene modifiers and 
theophylline (Table 15.5), 


Bronchodilators: Commonly used short-acting broncho- 
dilators are adrenaline, terbutaline and salbutamol, all 
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Side effects 


Tachycardia, tremors, 
headache, hypokalemia 


Medication, route 


Salbutamol 100 ug/puff MDI 
Respirator solution 5 mg/mL 


Respules 2.5 mg/3 mL hyperglycemia 

Dry powder capsules 200 pg 

Terbutaline 250 ug/puff MDI —do- 

Salmeterol 25 ug/puff MDI —do— 

Dry powder capsules 50 pg 

(Rotacap) 

Formotero! 12 yg/puff MDI —do- 

Dry powder capsules 12 pg 

(Rotacap) 

Theophylline 100, 150, 200, Toxicity at >20 mg/kg/day; 


300 mg tablets (Oral) nausea, headache, 
tachycardia, drowsiness, 


seizures 
Medicinal taste 
Reflex coughing 


Bitter taste, cough 
Sedation, weight gain 


Sodium cromoglycate 5 yq/ puff 
MD) 


Nedocromil sodium inhalation 
Ketotifen 1 mg tab, 1 mg/5 mL 


Oral 


Beclomethasone 50, 100, 200, 
250 pg/pulf 

Budesonide 50, 100, 200 yg/ 
puff MDI 

Respules 0.5, 1 mg/mL 
Rotacaps 100, 200, 400 pg 


Fluticasone 25,50,125 pg/ 
puff MDI 

Dry powder capsules 50, 100, 
250 ug 

Respules 0.5 and 1 mg/mL 
Ciclesonide 80, 160 pg/puff 


Montelukast 4, 5, 10 mg tabs 


Cough, dysphonia, oral 


at <400-800 g/day 


Generally well tolerated 
Churg-Strauss syndrome 
reported 


having a quick onset of action. Adrenaline stimulates o 
and both f} receptors, with ensuing cardiac side effects. 
Terbutaline and salbutamol are specific B, agonist and 
hence, have less cardiac effects. While adrenaline is given 
subcutaneously, the others can be given by oral, inhalation 
or parenteral route, Inhalation route is preferred because 
of rapid onsct of action and a few side effects. 

Long-acting §, agonists are salmeterol and formoterol. 
The onset of action is delayed by 30-60 minutes but lasts 
12-24 hours, Their safety and efficacy has been shown in 
children above 4 years of age. 


Corticosteroids: Corticosteroids, being potent anti- 
inflammatory agents, are the cornerstone of long-term 
treatment of asthma. Systemic glucocorticoids, when used 
early for therapy of exacerbation, reduce emergency visits 
and hospitalization. Therapy with inhaled corticosteroids 


thrush; negligible side effects 


Dose 


1-2 puff 4—6 hours 

0.15-0.2 mg/kg/dose 
nebulization 

1 dry powder cap 4-6 hours 


1—2 puff 4—6 hours 

1-2 puffs 12-24 hours — 

1 dry powder cap inhalation 
12-24 hours 

1-2 puffs 12-24 hrly 

1-2 dry powder cap 

12-24 hours 


5-15 mg/kg/day 
2 divided dose 


1-2 puffs 3 times/day 
1-2 puffs 3 times/day 


1 mg twice a day 


Low dose 100—200 pg/day 
in 2 divided doses 

Medium dose 400 ug/day 
in 2 divided doses 

High dose >800 yg/day 

in 2 divided doses 


2-5 years: 4 mg/day 
5-12 years: 5 mg/day 
>12 years: 10 mg/day 
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| - Table 15.5: Medication for long-term treatment of asthma 


Comments 
Drug of choice for acute 
exacerbation 


Prior to exercise to prevent 
exercise-induced bronchospasm 


Long-term prevention of 
symptoms; useful for nocturnal 
symptoms and exercise-induceq 
episodes 

Not for acute symptoms 

Use with anti-inflammatory 
therapy; not as substitute 


Drug interactions (anti-tubercular, 
anticonvulsants, ciprofloxacin) 
May use in step II when inhalation 
route not possible 


Continuous prophylaxis for contro! 
of symptoms 


May take 4-6 weeks for clinically 
evident effect 


Safe oral agent 


Budesonide and fluticasone are 
completely inactivated during first 
pass metabolism and have minimal 
systemic side effects 
Prolonged high dose therapy may 
cause systemic side effects 


Use minimum required dose 
preferably on alternate days 
Ciclesonide is not recommended 
for use <12-year-old 


Exercise-induced asthma 
Alternative to long-acting 
B-agonist 


reduces the risk for systemic adverse effects. Commonly 
used inhaled steroids include beclomethasone, budesonide 
and fluticasone; budesonide (BDS) and fluticasone are 
considered superior to beclomethasone (BDP). The chief 
concern with long-term use of inhaled steroids is theif 
adverse effect on growth with 20% reduction in growth 
velocity reported in the first year. The growth velocity 
later recovers and ultimately children attain predicte 
adult height. 


Mast cell stabilizers: Cromolyn sodium reduces bronchial 
reactivity and symptoms induced by irritants, antige™ 
and exercise. Indications for use of cromolyn include ™ 

to moderate persistent asthma and exercise-inducé 

asthma. The medication should be given for 6-8 wee 
before declaring it ineffective. Nedocromil is another agent 
used for control of mild to moderate asthma. Ketotifen ® 


Disorders of Respiratory System 


Table 15.6: Assessment of symptom control 


Feature Controlled: All of the following 


Daytime symptoms 
Limitation of activity 
Nocturnal symptoms, 
awakening 

Need for reliever or 
rescue drugs 


None (twice a week or less) 
None 
None 


None (less than twice a week) 


administered orally; significant clinical improvement is 
seen after 14 weeks of therapy. 


Leukotriene modifiers: Leukotriene inhibitors are useful 
for treatment of mild to moderate persistent asthma and 
exercise-induced asthma. These agents act either by 
decreasing the synthesis of leukotrienes (zileuton) or by 
antagonizing the receptors (montelukast and zafirlukast). 
Montelukast and zafirlukast are approved for use in 
children with asthma; montelukast can be used in children 
>1 year of age while zafirlukast >12 years. 


Theophylline: Theophylline has concentration-dependent 
effects. While the bronchodilator effect is by inhibition of 
phosphodiesterase, the agent also has anti-inflammatory 
and immunomodulatory effects at therapeutic serum 
concentration. Recent guidelines recommend theophylline 
as an alternative second-line therapy (combined with 
glucocorticoids) in moderate persistent asthma in children 
>5 years, as second-line therapy for mild persistent asthma 
in older children and adults, and adjunctive therapy (for 
nocturnal symptoms) in moderate or severe persistent 
asthma. 


Immunotherapy: This consists of administering gradually 
increasing quantities of an allergen extract to a sensitive 
subject, so as to ameliorate symptoms associated with 
subsequent exposure to the causative allergen. This form 
of therapy is considered occasionally in highly selected 
children who are sensitive to specific allergens, €.g. grass 
pollen, mites. Immunotherapy is carried out only under 
specialist supervision. 


Pharmacological management includes the following key 
steps: (i) assessment of symptom control; (ii) assessment 
of risk of exacerbation; (iii) selection of medication; 
(iv) selection of appropriate inhalation device; and 


(v) monitoring. 


Assessment of symptom control: Control of disease is 
graded based on frequency and severity of symptoms, and 
functional impairment. This is assessed by asking for 
frequency of symptoms including daytime symptoms, 
imitation of activity, nocturnal symptoms and need for 
rescue medications, in past 4 weeks (Table 15.6), and 
Classifying as controlled, partially controlled and 
uncontrolled. 


Partlally controlled; Any Uncontrolled 


measure present In any week 
More than twice per week 
Any 

Any 


Three or more (eatures of 
partially controlled asthma 
prosant In any weak 


More than twice per wack 


Table 15.7: Assessment of risk of exacerbation In near future 


Uncontrolled asthma symptoms 


One or more sevoro oxacerbatlon requiring hospitalization In 
previous year 

Ever intubated or PICU admissions 

Start of the usual ‘flare-up’ season 

Exposure: Tobacco smoke; Indoor or outdoor alr pollution; 
indoor allergens 

Major psychological or socioeconomic problems for child or 
family 

Poor adherence with controller medication, or Incorrect Inhalar 
technique 

Co-morbidities: Obesity, rhino-sinusitis, confirmed food allergy 


Assessment of risk of exacerbations: Based on history, 
children are assessed for risk of exacerbations (Table 15,7), 
Appropriate treatment to children who are at risk of 
exacerbation may help in prevention of exacerbation. 


Selection of medication: After assessment of control of 
asthma and risk for exacerbation, antiasthma drugs are 
selected. Treatment of asthma according to the assessment 
is shown in Table 15.8. 

Infrequent episodes with no risk for exacerbation are 
treated with salbutamol or terbutaline as and when 
required. The oral route is used, if inhalation is not possible 
for any reason. Children with infrequent episodes but 
having risk factor(s) for exacerbation, or children with day 
time symptoms >2 per week or nighttime symptoms once 
a month should be treated with low dose inhaled steroids 
with salbutamol inhalation, as and when required. An 
alternate strategy is montelukast or sustained release 
theophylline. 

Children with troublesome symptoms on most days or 
waking once a week or more, need low dose inhalation 
steroids in 2 divided doses and long-acting f}-agonist 
(formoterol, salmeterol) above 12 years of age, and medium 
dose steroids below 12 years. Children with severe 
uncontrolled symptoms need high dose inhalation steroids 
in divided doses and long-acting (agonists. Montelukast 
can be used as add on treatment for better control of 
symptoms. Persistent symptoms might require the use of 
low dose prednisolone, preferably on alternate days. 


Selection of appropriate inhalation device: Drugs for 
maintenance treatment can be administered by inhalation 
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Table 15.8: Initial treatment of asthma ; 
First choice Other choice 
No controller medications = 


Short-acting B-agonists as and when 
required 


Symptom control 


Infrequent symptoms: not uncontrolled or 
partly controlled and no risk factors 


Asthma (even infrequent symptoms) 

+ any risk factor for exacerbations 
Symptoms more than twice a month 
Waking due to asthma more than once a 
month 


Low dose inhaled steroids 


Short-acting B-agonists as and when 
required 


Montelukast 


Troublesome symptoms on most days 


>12 years: Low dose inhaled steroids + 
Waking once a week or more 


long-acting B-agonists 

6-11 years: Medium dose inhaled steroids 
Medium to high dose inhaled steroids + 
long-acting B-agonists 


Low/medium dose inhaled steroids + 
leukotriene receptor antagonists Or 
Sustained release theophylline 


Short course oral steroids; low dose ora| 
steroids on alternate days; montelukast 


Severely uncontrolled symptoms 


or oral route. The former are more effective, with rapid 
onset of action and less side effects. Commonly available 
inhalation devices include: (i) metered dose inhaler (MDI), 
(ti) MDI with spacer, (iii) MDI with spacer and face mask, 
(1v) dry powder inhaler, (v) nebulizer. 


Metered dose inhaler (Fig. 15.4): An MDI is a device, which 
delivers a fixed amount of medication in aerosol form each 
time it is activated. It is used for exacerbation and 
maintenance therapy. It is effective but requires considerable 
coordination, which might not be possible in young 
children. After actuation, the drug comes out at a pressure 
and a significant amount of the drug gets deposited in the 
oropharynx. MDIs continue to work past the labeled 
number of doses because of excess propellant. 


MDI with spacer (Fig. 15. 5): Use of spacer inhalation device 
with an MDI should be encouraged as it results in a larger 
proportion of the medication being delivered in the lung, 
with less impaction in the oropharynx. They also overcome 
the problems of poor technique and coordination of 
actuation and inspiration, which occur with MDI alone. 
Furthermore, use of spacer allows MDI to be used for the 
young patient. MDI used with spacer has been found to 
be comparable to nebulizer in delivering salbutamol in 
acute exacerbation of asthma in children. Spacers have 
the limitation of being bulky, relatively costly and cannot 
be used in young infants and toddlers. A homemade 
spacer (prepared from mineral water bottle) can effectively 
deliver salbutamol in acute exacerbation. 
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1. Remove ca 

- direction 

2. Breathe out gently ae ¥ 

3. Put mouthpiece in mouth. At start of 
inspiration that should be slow and deep, 
press canister down and continue to inhale 
deeply 

4. Hold breath for 10 seconds or as long as 
possible then breathe out slowly 

5, Wait for a few seconds before repeating 

steps 2-4. 


Fig. 15.4: Metered dose inhaler 


p and shake inhaler in vertical 
. pice,” Cho setae 















. Remove cap, shake inhaler and insert into spacer device 

. Place mouth piece of spacer in mouth 

. Start breathing in and out gently and observe movements of valve 

. Once breathing pattern is established press canister and continue 
to breath S—10 times (tidal breathing) 


. Remove the device from mouth and wait for 30 seconds before 
repeating steps 1-4. 


WN — 


on 


Fig. 15.5; Metered dose inhaler with spacer 


MDI with spacer and face mask (Fig. 15.6): Attaching a face 
mask to the spacer facilitates their use in young infants. 


Dry powder inhaler (DPI) (Fig. 15.7): These are breath- 
activated devices (Rotahaler; Diskhaler, Spinhalet, 
Turbohaler, Acuhaler) that can be used in children abové 
4—5 years old. They are portable and do not require 
coordination of actuation with breathing. They at 
environment friendly, since they do not contain CFC. 
However, the effect of these inhalers depends ona certain 
inspiratory flow rate, with risk of reduced effect during 
acute exacerbations or in children with low pulmonary 
function. 


Nebulizers (Fig. 15.8): Nebulizers with air compressor 
are bulky and inconvenient to use. With advent of efficien 
spacer systems, the need for nebulizers has greaty 
diminished. However, there is role for nebulized B-ago™® 


Disorders of Respiratory System 





. Shake MDI; insert it in the MDI end of spacer device 
3. Cover baby's mouth and nose with baby mask 

4. Press carister end encourage the child to take tidal breathing with | 
| mouth open (f possible) 5-10 times 

5. pe eet mask end wait for 30-60 seconds before repeating | 





Fig. 15.6: Metered dose inhaler with spacer and face 
MCsK 















otahaler vertically and insert capsule (clear end first) into 
2 hole, make sure that top of the capsule is level with top of 
- ‘ j 

2. Hokd Rotahaler horizontally, twist barrel in clockwise and anti- 
_ dockwise direction, this will split the capsule into two 

3. Breathe out gently; put mouth end of Rotahaler in mouth and take 
| deep inpiration 

_ 4. Remove Rotahaler from mouth; hold breath for 10 seconds 






Fig. 15.7: Rotahaler 


in acute severe asthma, especially in young irritable and 
hypoxic children who do not tolerate MDI with spacer 
and face mask. At a flow rate of 6-12 L/min, 30-50% of 
aerosol is in the respirable range of 1-5 mm. Slow, deep 
inhalations and breath holding improves delivery. 

It is necessary to select an appropriate device by which 
the maintenance medication is administered. Inhalation 
Method should be chosen on individual basis, but a 
uideline is as follows: 





> — Ss P ite ~~ — , " in tad 
1. Connect output of compressor to nebulizer chamber by the tubing 
provided with nebulizer 





2. Put measured amount of drug in nebulizer chamber; add normal 
saline to make the total volume 2.5—3 mL 

3. Switch on the compressor and look for aerosol coming out from the 
4. 

2: 








nebulizer chamber 
Attach face mask to nebulizer chamber; ensure appropriate fit to 
cover nose and mouth of the child 

Encourage child to take tidal breathing with open mouth 


Fig. 15.8: Nebulizer 


¢ Children <4-year-old: MDI with spacer with face mask 
e Children >4-year-old: MDI with spacer preferred 


« Children >12-year-old: MDI used directly. Use of spacer 
improves drug deposition. 


Monitoring and Modification of Treatment 


After initiating treatment, patients should be seen every 4— 
12 weeks. At each visit, history regarding frequency of 
symptoms, sleep disturbance, physical activity, school 
absenteeism, visit to a doctor and need for bronchodilators, 
and PEFR is recorded. The inhalation technique and 
compliance is checked. The patient or parents should be 
encouraged to maintain a symptom diary. Patient is assessed 
as controlled, partially controlled or uncontrolled (Table 15.6), 

If disease is partially controlled or uncontrolled, the 
causes, apart from disease severity, could be poor 
compliance, wrong technique of inhalation, continued use 
of empty canister, inappropriate doses, associated 
infections (otitis media, sinusitis, pneumonitis) or 
continued exposure to allergens. Children with asthma 
have a higher risk of sinusitis. Bronchial hyper- 
responsiveness and symptoms of asthma improve with 
therapy for associated upper respiratory diseases, 
including allergic rhinitis and sinusitis. 

If no cause is found, step up, i.e. increase in dose and 
frequency of medication is required. Step down, if control 
is sustained for 3-6 months and follow a stepwise 
reduction in treatment (Table 15.9). 


Exercise-induced Bronchoconsiriction 


Children who show bronchoconstriction after exercise 
may avoid participation in outdoor games. They may be 
treated with appropriate stepwise management, and 
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c ~~ Table 15.9: Stepwise treatment of asthma. 


Symptoms 

Continuous 

Limited physical activity 
Daily use B, agonist 

Daily attack affects activity 


Step 4: Severe persistent 


Step 3: Moderate persistent 


Step 2: Mild persistent 


Step 1: Intermittent Infrequent 


Asymptomatic and normal PEFR 


between attack 


require additional agents like short- and long-acting 
B-agonists or leukotriene modifiers. Short-acting 
B-agonists should be taken before going for exercise. Long- 
acting B-agonists administered in the morning show action 
throughout the day. Leukotriene modifiers are satisfactory 
alternative to long-acting B-agonists. 


Seasonal Asthma 


A proportion of children get symptoms of asthma for a brief 
period in particular season. They remain asymptomatic for 
the rest of the year. These children can receive maintenance 
treatment 2 weeks in advance. Medications are selected 
according to severity of asthma. After the season is over, 
patients are reexamined after discontinuing the medications. 


Newer Therapies 


A number of novel therapies have been examined for 
clinical use. Monoclonal antibodies against IgE 
(omalizumab), IL4, IL5 and IL13 may have promise as 
therapy for patients with refractory illness. 


Education of Parents 


Education of patients and their parents is an important 
aspect of management. A description of the etiopatho- 
genesis of asthma in plain language should be made. The 
spectrum of severity of the illness, likely course and 
satisfactory outcome is explained. Parents need to be 
involved in the steps required to minimize exposure to 
potential environmental triggers. Avoidance of all kinds 
of smoke at home, including tobacco smoke, wood 
burning and kerosene stove is emphasized. Parents should 
be advised regarding minimizing the use of carpets, 
curtains and other dust attracting articles. 

Parents should be asked to maintain a record of daily 
symptoms such as cough, coryza, wheeze and breathless- 
ness. A record of sleep disturbances, absence from school 
due to illness and medication required to keep the child 
symptom-free is advised. These records help in stepping 
up or down the pharmacotherapy. 

The parents, and where possible the patient, should 
understand how the medications work, proper adminis- 


Low grade symptoms twice a month 
Nighttime awakening once per month 


Treatment ) 
High dose inhaled steroids + 
Long-acting B, agonist 

Low dose inhaled steroids + 
Long-acting B; agonist OR 
Medium dose inhaled steroids 
Low dose inhaled steroids 
Short-acting B, agonist, whenever 
symptoms 

Short-acting B, agonist, whenever 
symptoms 


Add MONtEhhass 
Refer to SPECialin 


tration, use of spacer and potential harmful effects of 
drugs. Parents concerned about the use of steroids needs 
to be reassured that in conventional inhalation dosage 
the risk of serious illness outweighs the side effects of 
medication. Peak flow monitoring done properly by 
informed parents can help by: 
i. Detecting early deterioration in lung function 
ii. Managing patients who have difficulty in sensing the 
change in severity of airway obstruction 
iii, Managing patients whose asthma severity changes 
very rapidly 


Home Treatment of Acute Exacerbation 


The parent/patient is instructed regarding recognition 
and management of acute exacerbation of asthma at home. 
A written action plan is given. Acute exacerbation is 
identified by increase in cough, wheeze and breathless- 
ness. PEFR, if measured, may be 15% lower from the 
baseline. For acute exacerbation, parents should administer 
short-acting B-agonists by MDI + Spacer + facemask one 
puff at a time repeated every 30-60 seconds up toa 
maximum of 10 puffs with monitoring of symptoms. If 
symptoms are relieved and PEFR is increased at end of 
inhalation, the child can continue the B-agonists 
(salbutamol or terbutaline) every 4-6 hours and plana 
visit to the physician. If there is no improvement oO! partial 
improvement or symptoms of life threatening attack at 
any time, the child should be transferred to a hospital. 

Patients with life-threatening asthma or those failing 
to show satisfactory response to inhalation therapy 4 
home should receive a single dose of oral prednisolone 
(1-2 mg/kg) before going to the hospital. 


Managing Acute Exacerbation 


An increase in symptoms (cough, wheeze, and /ot 
breathlessness) is termed as exacerbation of asthma. Th® 
severity of exacerbation is variable and can be classifié 
as mild, moderate, severe based on physical examinatio” 
measurement of PEFR/FEV1 and oxygen saturation" 
(Table 15.10). 


* 
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Table 18,10: Grading of severily of soute asthma 


Clinical parameter Mild 

Color Normal 

Sensonum Normal 

Respiratory rate Increased 

Dyspnea Abaent 

Speech Can apeak sentenoos 


Use of accessory muscles 
Pulsus paradoxus 

Rhonchi 

Peak expiratory tlow rate 
Oxygen saturation 


Nil or minimal 
<10 mm 


>80% 
>95% 


Lite-threatening Asthma 


Presence of any of the following indicates life-threatening 
asthma: Cyanosis, silent chest, poor respiratory efforts, 
exhaustion or fatigue, altered sensorium, PEPFR<30% of 

redicted, and oxygen saturation <90%, Such patients 
should immediately receive oxygen by mask or hood. An 
injection of terbutaline or adrenaline is given sub- 
cutaneously, inhalation of salbutamol or terbutaline and 
ipratropium is started, an injection of hydrocortisone 
(5 mg/kg) given and arrangements made to transfer the 
patient to an intensive care unit (ICU) preferably with an 
accompanying physician. 

If the patient shows improvement, the salbutamol / 
terbutaline inhalation is continued every 20-30 minutes, 
hydrocortisone (3-5 mg/kg) is continued every 6-8 hourly 
till patient starts accepting orally. If patient does not 
improve or deteriorates a slow IV infusion of magnesium 
sulfate (50 mg/kg) or a loading dose of theophylline is 
given. If there is no improvement with this management, 
the patient is prepared for mechanical ventilation, Patients 
should also be screened for causes of poor response such 
as acidosis, pneumothorax, electrolyte imbalance and 
infection, and treated accordingly. 


Mild Acute Asthma 


Patients with mild exacerbation have cough, rapid 
respiration and some wheezing, but no chest indrawing 
and are able to speak and drink well. PEFR >80% of 
Predicted and oxygen saturation >95% in room air. 
The patient should receive 8, agonists by nebulizer or 
I + spacer with or without face mask. If MDI is used, 
one puff of the agonist is given every minute for up to 10 
puffs. If case of significant improvement, the patient is 
sent home on inhalation or oral B, agonists every 6-8 hours 
and called back after 1-2 weeks for reassessment and long- 
ferm treatment. In case of unsatisfactory response, the 
Patient should be treated as moderate exacerbation. 


Acute, Moderate and Severe Asthma 


These patients have rapid respiration, chest indrawing, 
Wheezing, pulsus paradoxus, difficulty in speech and 


Explratory and/or Inspiratory 


Moderate Bovere 

Normal Pale 

Anxlous Agitated 

Inoraased Increased 

Moderate Bavare 

Can speak In phrases Difficulty in spesch 
Chest Indrawing Indraviing; nasal flare 
10=20 mm 20 rm 

Explratory and/or Inspiratory Expiratory or absent 
80-80% <60% 

00-96% <90% 


feeding; PER and oxygen saturation is decreased and 
sensorium Is normal, 


Patients should receive inhalation fi, agonist as 
described for treatment of mild asthma. Oxygen inhalation 
is started and oral prednisolone 1-2 mg/kg administered. 
The patient is assessed for improvement at the end of 
J hour, In case of improvement, the child is continued on 
inhaled (}, agonists every 30 minutes, and the interval 
gradually increased to 4-6 hourly. Oxygen inhalation is 
stopped, if patient is able to maintain oxygen saturation 
>95%, Prednisolone is continued once daily for 5-7 days, 
and then stopped without tapering. The patient is dis- 
charged from hospital when the need for bronchodilators 
is every 4-6 hours, able to feed and speak well, maintains 
oxygen saturation >95% in room air and PEFR >75% of 
predicted. These patients should be educated about the 
disease, need for regular follow-up and avoidance of 
triggers. They should be assessed for long-term treatment. 


In case of no improvement at the end of 1 hour, 
inhalation of salbutamol is continued and inhaled 
ipratropium 250 mg given every 20 minutes. An injection 
of hydrocortisone 10 mg/kg is given and reassessed at 
end of 2 hours. If satisfactory response is obtained, the 
patient is treated like early responders. If case of non- 
response, IV theophylline bolus is followed by continuous 
infusion. Such patients respond well to magnesium 
infusion at a dose of 50 mg/kg (with dextrose over 30 
minutes). If no improvement occurs, these patients should 
be prepared for possible mechanical ventilation. 


Indications for transfer to an intensive care unit include 
worsening hypoxia or hypercapnia, exhaustion, feeble 
respiration, confusion, drowsiness, coma or respiratory 
arrest, 


Discharge from the hospital: Patients should be on 
discharge medication for 24 hours prior to discharge. The 
correct inhaler technique is checked and recorded. If 
recorded PEFR >75% of predicted of the best and PEFR 
diurnal variation is less than 20%, treatment should 
include soluble steroids tablets and inhaled steroids in 
addition to the bronchodilator. The patient should given 
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a self-management plan or instructions should be given 
to the parents. 


Recurrent Wheezing In Children below 5-Year-Old 


Wheezing is a common clinical symptom and ~50% 
children have had one episode of wheezing by 6 years. Some 
patients show episodic wheezing during repeated viral 
infections. These episodes decrease by 5 years of age, with 
decline in incidence of viral infections. On the other hand, 
a few children may have wheezing following viral infection 
as well as other triggers. Some patients continue to wheeze 
even after 5 years of age and are treated as asthma. 

Young children respond well to bronchodilators. Each 
episode should thus be treated with inhaled salbutamol 
and in severe cases a short course of systemic steroids. 
Children getting frequent episodes of wheezing should 
receive low dose inhaled corticosteroids for 8-12 weeks. 
If the response is satisfactory, inhaled steroids are stopped 
and child is followed for recurrence of symptoms. In case 
of recurrence, such children are treated as older children 
with asthma. 


Suggested Reading 


e Anderson WC 3rd, Gleason MC, Miyazawa N, Szefler SJ. 
Approaching current and new drug therapies for pediatric asthma. 
Pediatr Clin North Am 2017; 64:1197-1207. 
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Pike KC, Levy ML, Moreiras J, Fleming L. Managing problematic 
severe asthma: beyond the guidelines. Arch Dis Child 2017; doi: 
10.1136/archdischild-2016; 311-368. 


FOREIGN BODY ASPIRATION 





Young children between 1 and 4 years of age are prone to 
aspirate small objects in their air passages. Unless 
recognized and treated, this results in significant 
respiratory morbidity, such as recurrent wheezing, cough 
and pneumonia. Immediate response to foreign body 
aspiration is a choke, gag, cough or localized wheeze. After 
the initial episode, symptoms may improve for some time 
and the whole episode forgotten. 

Subsequently, the course of illness depends on the 
nature of foreign body, its size, extent and site of 
obstruction. Foreign bodies of organic or vegetable source 
swell up and cause more symptoms. A partial obstruction 
may cause ball valve type effect leading to localized 
hyperinflation. The overlying chest wall may show 
hyperresonance, diminished vocal resonance and poor air 
entry. In small children, it may be difficult to elicit 
hyperresonance. Thus a localized area of poor air entry in 
a child with chronic respiratory illness should arouse 
suspicion of a foreign body. Complete obstruction and 
surrounding inflammation cause distal atelectasis and 
suppuration of the surrounding parenchyma of the lungs. 
The elastic recoil of the bronchi is lost and the bronchi 
show segmental dilatation with eventual development of 


is, In children, incidence of right and Jez 
pia iocation of foreign body is nearly equal. 
Bronchoscopy should be undertaken, if the clinical ang 
radiological] picture suggests the diagnosis even Ww hen F 
history of foreign body aspiration Is not forthcomin 
Foreign bodies are removed through a rigid bronchoscops 
Appropriate antibiotics are given for secondary infection, 


Suggested Reading 
. 7 ign bodies in the airwa 
» Foltran F, BallaliS, Passali FM, at al. Foreign! : tS 
Meta-analysis of published papers. Int J Pediatr Otorhinolarmen) 
2012; 76 Suppl 1512-9 


APPROACH TO CHRONIC COUGH 


Chronic cough can be distressing and often a cause for 
consultation. The diagnosis is possible by analysis of the 
following: Age of the child; nature of cough and sputum; 
relationship to time or posture, any wheezing or stridor; 
effect of season; response to previous therapy; nutrition; 
signs in the chest; clubbing. 

Staccato paroxysms of cough suggest whooping cough 
or Chlamydia infection. Barking or brassy cough with 
change in the voice indicates laryngotracheal disease. In 
case of postnasal drip, cough is an attempt to clear the 
throat and is described as hawking. Cough of psychogenic 
nature is ‘honking’ (Table 15.11). 

Purulent sputum indicates the presence of suppurative 
lung disease. Although sputum is mucoid in asthma, 
yellowish sputum may be present due to eosinophils. 
Hemoptysis indicates the possibility of bronchiectasis, 
tuberculosis, mitral stenosis, cystic fibrosis or foreign body 
in the bronchus. Wheezing is indicative of asthma. 

Chronic cough that is more common in certain seasons 
during the year should arouse suspicion of asthma. Chronic 
cough occurring only in winters indicates a viral etiology. 
Malnutrition associated with chronic cough may be found 
in patients with tuberculosis, bronchiectasis, pertussis, 
cystic fibrosis, severe chronic asthma or immune deficiency. 

Chest X-ray film, examination of the sputum, blood 
counts and tuberculin test are necessary for diagnosis. 
Bronchoscopy may be necessary in some cases. CT scan is 
non-invasive important investigation. 


- Table 15.11: Diagnosis of chronic cough in relation to a9® 
Age Cases 


Onset in Laryngeal webs, vascular rings or 

first month H-type tracheoesophageal fistula, 
congenital infections 

Gastroesophageal reflux 

Bronchitis, asthma, cystic fibrosis, whoop!ng 
cough 

Recurrent bronchitis, asthma, foreign body 
suppurative lung disease, eosinophilia 
Asthma, whooping cough, viral bronch 
tuberculosis, foreign body aspiration 


Early infancy 
Late infancy 


Preschool age 


At all ages itis, 
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management 


Bronchial asthma should be excluded before evaluating 
other causes of cough. Cough suppressants are avoided, 
except if the cough is dry and exhausting or, if it disturbs 
sleep and prevents adequate nutrition, e.g. in whooping 
cough. Dextromethorphan is an effective cough suppressant 
and non-habit forming. 

Bronchodilators are useful in the treatment of children 
with cough due to occult asthma because of retained 
tracheobronchial secretions. Mucociliary transport of 
secretions is helped by the beta-adrenergic agonists and 
the xanthine group of drugs, in asthmatic as well as non- 
asthmatic children. Physiotherapy, e.g. chest clapping, 
vibrations and postural drainage are useful in facilitating 
removal of bronchial secretions. 


Suggested Reading 
* Chang AB. Pediatric cough: children are not miniature adults. Lung 
2010; 188 Suppl 1:S33—40. 


* De Blasio F, Virchow JC, Polverino M, et al. Cough management: a 
practical approach. Cough 2011; 7: 7. 


+ Laya BF, Restrepo R, Lee EY. Practical imaging evaluation of foreign 
bodies in children: An update. Radiol Clin North Am 2017; 55: 
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SUPPURATIVE LUNG DISEASE 


Lung Abscess 


Lung abscess in children is most frequently a complication 
of bacterial pneumonia especially those due to S. aureus 
and K. pneumoniae. It may also develop in sequestration 
of lung tissue or in association with foreign bodies, 
bronchial cysts or stenosis. Staphylococcal lung absceses 
are often multiple, while others may be solitary. The 
abscess may rupture into the pleural space leading to 
pyopneumothorax. The main pathological changes are 
Necrosis and liquefaction with inflammation in the 
surrounding lung tissue. 

The patient has fever, anorexia, lethargy, pallor and 
cough with foul smelling expectoration. Physical signs 
may be minimal. Amphoric breath sounds, coarse crepita- 
tons and whispering pectoriloquy are characteristic, but 
often not elicited. The diagnosis is made on plain 
tadiograph, ultrasound or CT chest. Appropriate anti- 
biotics to which the organisms isolated from the sputum 
or bronchoscopic aspirate are sensitive, are administered 
for 4 to 6 weeks. Physiotherapy is carried out for effective 
drainage. Surgical resection of the involved area of lung 
IS indicated, if medical therapy is not effective. 


Bronchiectasis 


This is a chronic suppurative disease characterized by 
destruction of bronchial and peribronchial tissues, 

latation of the bronchi and accumulation of infected 
aterial in the dependent bronchi. 
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Most cases follow recurrent episodes of bronchitis, 
bronchiolitis, post-measles or post-pertussis lung 
infections, cystic fibrosis and pneumonia in infancy and 
early childhood. Infections damage the bronchial wall 
resulting in segmental areas of collapse that exert negative 
pressure on the damaged bronchi, making them dilate in 
a cylindrical, fusiform or saccular manner. Aspiration of 
foreign body, food or mucus plug in the bronchus may 
occlude the bronchial lumen and similarly result in 
segmental collapse, with dilatation of bronchi due to 
negative pressure by collapsed segments. Extrinsic 
compression by the tuberculous lymph nodes often causes 
collapse of right middle lobe. 


Rare causes include congenital disorders (broncho- 
malacia, communicating bronchial cyst, sequestered lung), 
primary ciliary dyskinesia (Kartagener syndrome), cystic 
fibrosis, immunodeficiency syndromes and Young 
syndrome (sinusitis, bronchiectasis, azoospermia). 


The onset is insidious; general health is poor with 
recurrent respiratory infections that tend to persist and 
show a waxing and waning course. The patient complains 
of loss of appetite, irritability and poor weight gain; 
clubbing of fingers is usual. The chief symptom is cough 
with copious mucopurulent expectoration, which is more 
marked in the morning and in some postures. Younger 
children may not expectorate, and often swallow the 
sputum, which is occasionally blood streaked. 

Radiograph may show honeycombing, indicating 
multiple small abscess cavities. Bronchography, the gold 
standard for diagnosis of bronchiectasis, has been replaced 
with high resolution CT scan. Bronchoscopy is done, if 
there is a possibility of surgical intervention. Sputum 
should be sent for culture, tuberculin reaction to screen 
for tuberculosis and pilocarpine iontophoresis for 
estimating sweat chloride. 


Management: During exacerbations, bacterial infections 
should be controlled and airway kept clear of secretions. 
This is facilitated by effective cough and postural drainage 
at regular intervals. Assistance by a pulmonary physio- 
therapist is useful. Surgical resection of the involved area 
is undertaken only in children with marked symptoms and 
if the disease is localized. Extrinsic compression of bronchi 
by mediastinal masses requires surgical intervention. 
Children with generalized disease may improve 
significantly clinically with medical treatment alone. 


Suggested Reading 
* Gupta AK, Lodha R, Kabra SK. Non cystic fibrosis bronchiectasis. 
Indian J Pediatr 2015; 82:938—-+4. 


* Redding GJ, Carter ER. Chronic suppurative lung disease in 
children: definition and spectrum of disease. Front Pediatr 2017;5:30. 


EMPYEMA THORACIS — 


Empyema thoracis is defined as collection of pus in the 
pleural cavity, commonly due to a complication of 
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pneumonia or rupture of subdiaphragmatic or liver 
abscess in the pleura. The condition is commonly one of 
the sequelae of staphylococcal pneumonia. It can also 
occur secondary to pneumonia due to pneumococci, gram- 
negative bacilli and Mycoplasma. 

Clinical features include fever with systemic toxicity 
and breathing difficulty. There is reduced movement of 
chest with respiration, dull percussion note, decreased air 
entry and reduced vocal resonance. Occasionally, the 
empyema might extend outside the pleural cavity into the 
soft tissue and chest wall, manifesting as a pulsatile 
swelling, called empyema necessitans. 

X-ray film of the chest shows shift in the mediastinum 
with obliteration of costophrenic angle and varying degree 
of opacification. Pleural tap shows purulent material with 
leukocytes, high protein and low sugar. Gram stain and 
culture may show causative agent. Empyema should be 
differentiated from other causes of pleural effusion, 
including tubercular and neoplastic. 

Treatment consists of administration of antibiotics that 
are active against Staphylococcus, chiefly cloxacillin, 
vancomycin, teicoplanin and linezolid. The empyema is 
managed by continuous intercostal drainage through 
underwater seal, After antibiotics and drainage, if the lung 
is not expanding or there are loculations in the pleura, CT 
scan of chest is done for thickened pleura or loculated 
empyema. Such patients require decortication by 
thoracotomy or thoracoscopy. 


Suggested Reading 


* Redden MD, Chin TY, van Driel ML. Surgical versus non-surgical 
management for pleural empyema. Cochrane Database Syst Rev 
2017; 3:CD010651. 


CYSTIC FIBROSIS 


Cystic fibrosis (CF) is the most common life-limiting 
recessive genetic disorder in Caucasians with an incidence 
of approximately 1 in 2500 children born in the United 
Kingdom. It is less common in African Americans (1 in 
15000), Asian Americans (1 in 31000), native Americans 
(1 in 80000) and Indian migrated to UK (1 in 10000 and 12000). 


Molecular Genetics 


The defect is a mutation in the gene for the CF transmem- 
brane conductance regulator (CFTR), a membrane protein 
and chloride channel. Failure of chloride conductance by 
epithelial cells leads to dehydration of secretions that are 
too viscid and difficult to clear. The defective gene is 
located on the long arm of chromosome 7. Till now more 
than 1600 mutations in the gene are recognized; 
commonest being delta F508 (AF508). 


Clinical Manifestations 


Clinical features include meconium ileus in neonates, 
recurrent bronchiolitis in infancy and early childhood, 


Table 15.12: Complications of cystic fibrosis | 


0 to 2 years % 
Meconium ileus 10-15 
Obstructive jaundice 

Hypoproteinemia, anemia 

Bleeding diathesis 

Heat prostration, hyponatremia 

Failure to thrive 

Steatorrhea 85 
Rectal prolapse 20 
Bronchitis, bronchiolitis 

Staphylococcal pneumonia 

2-12 years % 
Malabsorption 85 
Recurrent pneumonia 60 
Nasal polyposis 6-36 
Intussusception 1-5 
>13 years o4 
Chronic pulmonary disease 70 
Clubbing 

Abnormal glucose tolerance; diabetes 20-30; 7 
Chronic intestinal obstruction 10-20 
Focal biliary cirrhosis 

Portal hypertension 25 
Gallstones 4-14 
Azoospermia 98 


recurrent lower respiratory tract infections, chronic lung 
disease, bronchiectasis, steatorrhea, and later pancreatitis 
and azoospermia. Pancreatic insufficiency is present in 
>85% patients (Table 15.12), 


Diagnosis 


The diagnosis of CF should be suspected by the presence 
of typical phenotype or family history and confirmed by 
the demonstration of high sweat chloride (>60 mEq/L) 
on at least two occasions and/or by identifying mutations 
in both copies of CFTR. Nasal potential difference 


measurements can be used as an adjunct to sweat test but 
is not widely available. 


Management 


The treatment of cystic fibrosis in children includes 
respiratory management, nutritional care, anticipation and 


early diagnosis of liver disease, diabetes and other org’ 
dysfunction. 


Respiratory management: The principal components of 
care used to achieve this include airway clearance 
techniques, antibiotics and anti-inflammatory agents: 
Nutritional management: The aim of nutrition is to achiev 
normal growth and development, by: 
i. Increasing caloric intake by encouraging paren's io 
feed the child more frequently, If appetite is poor duc 
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to persistent infection, feeding may be given by 
nasogastric route or by gastrostomy. 

ij, Supplement fat-soluble vitamins (vitamins A, D, E) in 
twice the recommended doses. These are given along 
with food and enzymes. 

jij. Enteric coated tablets or spherules of pancreatic 
enzymes are given with each feed. Enzymes are started 
at 1-2000 IU of lipase/kg given in divided doses and 


increased by noting weight gain, nature of stool and 
abdominal symptoms. 


Suggested Reading 
¢ Castellani C, Duff AJA, Bell SC, et al. ECFS best practice guidelines: 
the 2018 revision. J Cyst Fibrosis 2018; 17:153-178. 


¢ Mandal A, Kabra SK, Lodha R. Cystic fibrosis in India: Present, 
past and future. J Pulm Med Respir Res 2015; 1:002. 


ACUTE RESPIRATORY DISTRESS SYNDROME (ARDS) 


ARDS is defined as pulmonary edema not originating 
from the heart. Common causes of ARDS include severe 
pneumonia followed by sepsis. Other predisposing factors 
include shock, tissue injury, aspiration, toxins, micro- 
thrombi, intravascular coagulation, uremia and increased 
intracranial pressure. 

Increased permeability of alveolar capillary membrane 
leads to aggregation of leukocytes in the pulmonary 
circulation, followed by release of mediators such as free 
oxygen radicals and platelet activating factors that injure 
the vascular epithelium. In the acute stage, there is edema 
and hyaline membrane formation, followed by fibrosis. 
Microthrombi formation in vessels contributes to increased 
pulmonary vascular resistance and right to left shunting. 


Clinical features: ARDS can occur at any age. Initially 
symptoms are less and lungs are clear. Later within 





Fig. 15.9: X-ray film of chest showing diffuse opacities bilaterally, 
compatible with acute respiratory distress syndrome 


6-8 hours, the patient becomes breathless followed by 
refractory hypoxia and hypercapnia. Lung fields show 
bilateral reticular opacities (Fig. 15.9). Mortality is very 
high, being 30-50% even in the best centers. 


Treatment: Patients should be managed in an intensive 
care unit with cardiorespiratory monitoring and artificial 
ventilation. Ventilation is achieved by high PEEP or 
inverse ratio ventilation. The cause of ARDS should be 
treated simultaneously. 


Suggested Reading 


* Heidemann SM, Nair A, Bulut Y, Sapru A. Pathophysiology and 
management of acute respiratory distress syndrome in children. 
Pediatr Clin North Am 2017; 64:1017-37. 








Chapter 


16 


Disorders of 
Cardiovascular System 


Diseases of the cardiovascular system are an important 
cause of childhood morbidity and mortality. The majority 
of heart diseases presenting in early childhood are 
congenital, resulting from structural defects during 
development. Rheumatic heart disease continues to be 
prevalent in India. Systemic hypertension is increasingly 
recognized in childhood and predisposes to cardiovascular 
morbidity. A variety of other cardiovascular conditions 
may present in childhood. The management of these 
patients requires an integrated approach with inputs from 
various specialties. 


CONGESTIVE CARDIAC FAILURE 


Congestive cardiac failure is the inability of the heart to 
maintain an output, at rest or during stress, necessary for 
the metabolic needs of the body (systolic failure) and the 
inability to receive blood into the ventricular cavities at 
low pressure during diastole (diastolic failure). Thus, due 
to systolic failure, it is unable to propel blood into the aorta 
and in diastolic failure it receives inadequate amount of 
blood. Diastolic heart failure is recognized by clinical 
features of heart failure and evidence of increased filling 
pressures with preserved systolic function and in many 
instances, cardiac output. An increase in left-sided 
pressures results in dyspnea from pulmonary congestion. 
An increase in right-sided pressures results in 
hepatomegaly and edema. Besides hypertrophied 
ventricles, diastolic failure occurs in restrictive heart 
disease and constrictive pericarditis. 


Etiopathogenesis 


The common causes of diastolic failure are indicated in 
Table 16.1. While mitral and tricuspid valve stenoses result 
in elevated atrial pressure, they are not, in the strictest 
sense diastolic heart failure. The causes of congestive 
failure can be classified according to age (Table 16.2). 
Rheumatic fever and rheumatic heart disease is typically 
encountered beyond 5 years age; its prevalence appears 
to be declining in selected urban populations. Heart failure 
from congenital heart disease typically happens within 
the first 1-2 years of life. Patients with left-to-right shunts 
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Table 16.1: Heart failure due to diastolic dysfunction 


Mitral or tricuspid valve stenosis* 

Constrictive pericarditis 

Restrictive cardiomyopathy 

Acute ventricular volume overload (acute aortic or mitral 
valve regurgitation) 

Myocardial ischemia’ 

Marked ventricular hypertrophy (hypertrophic cardio-myopathy, 


storage disorders, severe hypertension, severe aortic or 
pulmonary vaive stenosis) 


Dilated cardiomyopathy" 


*Elevated atrial pressures with normal ventricular diastolic pressures 
"Often have combined systolic and diastolic dysfunction 


Table 16.2: Causes of congestive cardiac failure 
Infants 


Congenital heart disease 

Myocarditis and primary myocardial disease 
Tachyarrhythmias, bradyarrhythmias 

Kawasaki disease with coronary occlusion 

Pulmonary hypertension (persistent pulmonary hypertension 


of the newborn; primary pulmonary hypertension; hypoxia, e.g. 
upper airway obstruction) 


Miscellaneous causes 
Anemia 
Hypoglycemia 
Infections 
Hypocalcemia 


Neonatal asphyxia (myocardial dysfunction, pulmonary 
hypertension) 


Children 


Rheumatic fever, rheumatic heart disease 

Congenital heart disease complicated by anemia, infection oF 
endocarditis yyy 

Systemic hypertension | {li 

Myocarditis, primary myocardial disease 

Pulmonary hypertension (primary, secondary) 
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tend to develop CCF around 6 to 8 weeks of life. Unlike 
left to right shunts, congenital lea kage of the mitral or the 
tricuspid valve can result in heart failure at an early age. 
Congenital tricuspid regurgitation (TR) manifests early 
because the elevated pulmonary artery pressures increases 
its severity. If the TR is not severe, it may improve with 
time as pulmonary vascular resistance declines. 

The age of occurrence of heart failure may point 
towards the underlying cause (Table 16.3). Heart failure 
at an unexpectedly early age should prompt the search 
for an associated condition such as coarctation. 

Arrhythmias are an important cause of congestive 
cardiac failure in infancy. Heart rates above 180 /min tend 
to precipitate heart failure. If the tachycardia persists for 
36 hours, about 20% will develop heart failure and almost 
50% will do so in 48 hours. Any long-standing tachy- 
arrhythmia can be associated with ventricular dysfunction 
that may mimic cardiomyopathy. Typical examples include 
ectopic atrial tachycardia and permanent junctional re- 
entrant tachycardia. Severe bradycardia, typically from 
complete heart block, can also result in heart failure. 

With a normal heart, hemoglobin levels of 5 g/dL can 
| result in heart failure. In a diseased heart, failure may be 

precipitated even with hemoglobin levels of 7-8 g/dL. 


| Clinical Features 


The recognition of cardiac failure in older children is based 
on the same principles as in adults. 


symptoms 

Slow weight gain is related to two factors. The infant takes 
small feeds because of easy fatigability and there is an 
excessive loss of calories from increased work of breathing. 
Uncommonly, there may be an unusual gain in weight 
due to collection of water, manifesting as facial puffiness 
or rarely as edema on the feet. The difficulty in feeding 
May manifest itself as ‘poor feeder’, a complaint that the 
baby does not take more than one to two ounces of milk 
at a time or that he is hungry within a few minutes after 
taking a small feed. Since hunger persists, the infant is 
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irritable and crying all the time, Often a mother may state 
that the baby breathes too fast while feeding or that the 
baby is more comfortable and breathes better when held 
against the shoulder—which is the equivalent of 
orthopnea in older children. Not infrequently, the baby is 
brought with persistent hoarse crying, wheezing, 
excessive perspiration and less commonly, because of 
facial puffiness (Table 16.4), 


Signs 

Left-sided failure is indicated by tachypnea and tachy- 
cardia. Persistent cough, especially on lying down, hoarse 
ery and wheezing are other evidences of left-sided failure; 
basal rales in the chest are usually not audible. Right-sided 
failure is indicated by hepatomegaly and facial puffiness. 
Examination of the neck veins in small babies is not 
helpful. Firstly, it is difficult to evaluate the short neck 
with baby fat and secondly, hemodynamic studies show 
that right atrial mean pressures stays normal in many 
infants with congestive failure. Edema on the feet occurs 
late. Common to both left- and right-sided failure is the 
presence of cardiac enlargement, third sound gallop and 
poor peripheral pulses with or without cyanosis (Table 16,5). 


Treatment 


Management of heart failure is a four-pronged approach 
for correction of inadequate cardiac output: (i) reducing 
cardiac work, (ii) augmen ting myocardial contractility, (iii) 
improving cardiac performance, and (iv) correcting the 
underlying cause. Identifying the cause is important since 
it has direct bearing on survival. 


Reducing Cardiac Work (Fig. 16. 1) 


The work of the heart is reduced by restricting patient 
activities, sedatives, treatment of fever, anemia, obesity, 
and by vasodilators. Mechanical ventilation helps when 
heart failure is severe by eliminating the work of breathing. 

Neonates with heart failure are nursed in an incubator 
and handled minimally. The baby is kept propped up at 
an incline of about 30°. The pooling of edema fluid in the 


~ Table 16.3: Time of onset of congestive failure 


Duct-dependent systemic circulation (hypoplastic left heart syndrome, critical aortic stenosis, severe 


coarctation, arch interruption); total anomalous pulmonary venous return (obstructed), congenital mitral 


Patent ductus arteriosus (PDA) in preterms, ventricular septal defect (VSD) with coarctation, persistent 
truncus arteriosus, transposition with large VSD or PDA, severe coarctation, critical aortic stenosis 


congenital mitral or tricuspid regurgitation, single ventricle physiology with unrestrictive pulmonary 


Transposition with VSD or PDA, endocardial cushion defects, VSD, PDA, severe coarctation: total 


anomalous pulmonary venous return, anomalous left coronary artery from pulmonary artery, single 


Age — Lesion 
Birth-1 week 
and tricuspid valve regurgitation, neonatal Ebstein anomaly 
1M weeks 
blood flow 
'~2 months 
ventricle physiology with unrestrictive Pulmonary flow 
2-6 months 


* 
i 


VSD, PDA, endocardial cushion defect; anomalous left coronary artery from the pulmonary artery, 


coarctation, single ventricle physiology with unrestrictive pulmonary blood flow 
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Table 16.4: Symptoms of cardiac failure 
Poor weight gain 
Difficulty in feeding 


Breathes too fast; breathes bettor whon held against the 
shoulder 


Persistent cough and wheezing 


Irritability, excessive perspiration and restlossness 
Pedal edema 


Table 16.5: Signs of congestive cardiac fallure 


Left-sided Failure of either side —- Right-sided failure 

failure 

Tachypnea Cardiac enlargement Hepatomegaly 

Tachycardia = Gallop rhythm (S3) Facial edema 

Cough Peripheral cyanosis Jugular venous 
engorgement 

Wheezing Small volume pulse 

Rales in chest Lack of weight gain Pedal edema 





T Cardiac output | |+ LVEDP 


Improved tissue O, E Pulmonary congestion| 


4 Fatigue 1 Dyspnea 





Fig. 16.1: By reducing the systemic vascular resistance and 
decreasing the venous tone vasodilators provide better work 
capacity. LVEDP left ventricular end-diastolic pressure 


dependent areas reduces the collection of fluid in lungs, 
thus reducing the work of breathing. At a temperature of 
36-37°C, the overall circulatory and metabolic needs are 
minimal, thus reducing work of heart. Humidified oxygen 
to maintain a concentration of 40 to 50% improves 
impaired oxygenation secondary to pulmonary 
congestion. If the infant or the child is restless or dyspneic, 
sedation may be appropriate. Opiates (e.g. morphine) or 
benzodiazepine (midazolam) are useful for sedation in 
selected circumstances to reduce anxiety and lower the 
catecholamine secretion, thereby reducing physical 
activity, respiratory and heart rates. 

Fever, anemia and infection increase the work of the 
heart. In infants and small children, the presence of 
superadded pulmonary infection is difficult to recognize. 
Antibiotics are, therefore, sometimes administered 
empirically. In older children, antibiotics are used, only if 
evidence of infection is present. 


Anemia imposes stress on the heart because of the 
decreased oxygen carrying capacity of blood. Anes, 
results in tachycardia and in a hyperkinetic Circulatory 
state, Correction of anemia decreases cardiac wory 
Typically, packed cell volumes of 10-20 mL/kg ar, 
required to correct severe anemia; 2 single dose of 
furosemide IV is often given prior to the transfusion. Les. 
common conditions causing stress to the heart are repezte 
pulmonary emboli, thyrotoxicosis and obesity. 

Vasodilators counteract the compensatory mechanisms 
in heart failure and improve cardiac output (Fig. 163) 
Arteriolar and venous vasoconstriction 15 mediated 
through catecholamines. Arteriolar constriction mzintzins 
blood pressure by increasing the systemic vascular 
resistance, which increases the work of heart (Fig. 162), 
Venoconstriction results in decreased venous capacitance 
and increased venous return, increasing the filling 
pressures of the ventricles to increase the cardiac output 
Since compensatory mechanisms are inappropriately 
excessive, vasodilators, by reducing the arteriolar and 
venous vasoconstriction, reduce the work of hearst 
Nitrates are used as preferential venodilators. 

ACE inhibitors (captopril, enalapril) are effective for 
treating heart failure in infants and children. These agents 
suppress renin-angiotensin—aldosterone system thereby 
reducing vasoconstriction and salt and water retention 
By suppressing catecholamines, they prevent arrhythmias 
and other adverse effects on the myocardium. The major 
side effect of ACE inhibitors is cough, which can be 
troublesome. Persistent cough may necessitate the use of 
angiotensin receptor blockers, such as losartan. !ntally, 
it is necessary to monitor the renal function: Urine 2nz!vsis, 
blood levels of creatinine and electrolytes once 2 veeek for 
6 to 8 weeks. These medications may cause first-dose 
hypotension; the first dose should be one-quarte: of the 
calculated dose. 

Although beta-blockers might precipitate CCF. ther 
improve symptoms especially in patients with dilzted 
cardiomyopathy, who continue to have tachyc2rdia. 
Useful agents include metoprolol and carvedilol. Tre latter 


Congestive cardiac failure 
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Fig. 16.2: Low cardiac output (CO) results in vasoconstrictor. 
Increasing systemic vascular resistance (SVR) and venous for? 
leading to Increase In the work of heart 
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is preferred since it has properties of beta-blockers with 
eripheral vasodilation; treatment is started at low dose 
and increased depending on tolerability (0.08 to 0.4 mg/ 
kg/day, maximum 1.0 mg/kg/day). Calcium channel 
adversely affect cardiac contractility blockers and should 
be avoided unless indicated for systemic hypertension. 
In the acute care setting, sodium nitroprusside is used 
as a vasodilator, since it acts on the venous and arterial 
systems. Phosphodiesterase inhibitors, such as milrinone 
and calcium sensitizers (levosimendan), have become 
popular especially in postoperative period. These agents 
have powerful vasodilatory and inotropic effects. Specific 
indications for use of vasodilators include acute mitral or 
aortic regurgitation, ventricular dysfunction resulting 
from myocarditis, anomalous coronary artery from 
pulmonary artery and in the early postoperative setting, 


Augmenting Myocardial Contractility 


Inotropic agents like digoxin improve cardiac output by 
augmenting myocardial contractility. It has a rapid onset 
of action and is eliminated quickly. It is available for oral 
and parenteral administration. Oral digoxin is available 
as 0.25 mg tablets and as digoxin elixir (1 mL = 0.05 mg) 
(Table 16.6). Parenteral digoxin (0.5 mg/2 mL) is available; 
its dose is 70% of the oral dose. Infants tolerate digitalis 
well. In a hospitalized patient, full digitalization should 
be sought to maximize benefit. Children are digitalized 
within a 24-hour period; % of the calculated digitalizing 
dose is given initially, followed by 4 in 6-8 hours and the 
final 4 after another 6-8 hours. The maintenance dose is 
usually one-quarter of the digitalizing dose (Table 16.6). 
Before the third daily dose, an electrocardiogram is done 
to rule out digitalis toxicity. Toxicity can be controlled by 
omitting the next one or two doses. The PR interval is a 
useful indicator; if it exceeds the initial interval by 50%, 
digitalis toxicity is present. The upper limit of normal PR 
interval in infants is 0.14 second. 

Digitalis is used with caution in the following situations: 
(i) premature neonates; (ii) heart failure due to 
myocarditis; and (iii) very cyanotic patients. My ocardial 
damage, gross cardiomegaly, hypoxia, acidosis, and 


~, 


‘Table 16.6: Dosage of digoxin and diuretics a ~- 
| Maintenance 


Digitalizing 
dose, mg/kg dose 
ug/kg/day 
Digoxin 
Premature, neonates 0.04 0.01 
Imonth to one year 0.08 0.02-0.025 
1 to 3 years 0.06 0,015-0.02 
Above 3 years 0.04 0.017 
Diuretics 
Furosemide 1-3 mg/kg per day orally or 
1 mg/kg per dose IV 

Spironolactone 1 mg/kg orally every 12 hours 


hepatic, renal and pulmonary insufficiency increase the 
sensitivity of the myocardium to digitalis. Digoxin is 
beneficial for symptom relief and is advised in patients 
with mild, moderately severe or severe congestive failure, 
with or without sinus rhythm. Digoxin can be combined 
with ACE inhibitors for synergistic effect. 


Intravenous Inotropic Agents 


These agents belong to three groups: (i) catecholamine 
inotropes: dopamine, dobutamine and adrenaline, (il) 
phosphodiesterase inhibitors: amrinone and milrinone 
(combine inotropic effects with peripheral vasodilation, 
inodilators) and (iii) levosimendan, a calcium sensitizer 
that is used in acute care settings as a potent inodilator with 
systemic and coronary vasodilatation. Unlike milrinone, 
it does not increase risk of rhythm disturbances. 

If blood pressure is low, dopamine should be used, as an 
intravenous infusion. At a dose of less than 5 pg/kg/min, 
dopamine causes peripheral vasodilation and increases 
myocardial contractility. Renal blood flow improves, 
resulting in natriuresis; higher doses result in peripheral 
vasoconstriction. The dose of dobutamine is 2.5 to 15 pg / 
kg/min; the dose should be increased gradually until the 
desired response is achieved. In patients with dilated 
cardiomyopathy, dobutamine is used as 24 hours infusion 
once or twice a week and retains its effectiveness for varying 
lengths of time. Milrinone is given in infusion 0.3-0.7 pg/ 
kg/min following a loading dose of 50 pg/kg. The dose 
of levosimendan is 6 to 12 pg/kg loading dose over 
10 minutes followed by 0.05 to 0.2 ug/kg/min as infusion. 


Improving Cardiac Performance by 
Reducing Venous Return (Preload) 


Diuretics reduce the blood volume, decrease venous 
return and ventricular filling. This tends to reduce the 
heart size. The larger the heart, the more the wall tension 
and the poorer is its performance. With reduction in heart 
size and volume, the myocardial function and the cardiac 
output improve. Diuretics reduce the total body sodium 
thereby, reducing blood pressure and peripheral vascular 
resistance. This helps in increasing the cardiac output and 
reducing the work of the heart. 

Diuretics are the first line of management in congestive 
failure. The action of oral furosemide starts within 20 min. 
Furosemide should be used in combination with a 
potassium sparing diuretic (triamterene, spironolactone, 
amiloride). The combination prevents potassium and 
magnesium and reduces the risk of arrhythmias. 
Furosemide activates the renin-angiotensin-aldosterone 
axis, which is responsible for vasoconstriction and sodium 
and water retention. When furosemide is combined with 
ACE inhibitors, the combination suppresses the axis and 
is, therefore, synergistic. 

Sodium restriction is recommended but difficult to 
implement in infants and young children. Low sodium 
diets should be used, only if the heart failure cannot be 
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controlled with digitalis, diuretics and ACE inhibitors. 
However, it is prudent to advise such patients to avoid 
salt-rich foods such as chips and pickles. Since heart failure 
increases calorie requirements, adequate intake is advised. 


Correcting the Underlying Cause 


The focus of management of CHF has shifted towards 
identifying and correcting the underlying cause. It is now 
possible to rapidly identify the cause of CHF in most 
children with suspected heart disease. Many of these are 
managed by curative or palliative operations. A diagnosis 
of idiopathic dilated cardiomyopathy requires exclusion 
of conditions that are known to cause ventricular 
dysfunction. The conditions that might be missed are 
sustained tachyarrhythmias, coarctation of aorta and 
obstructive aortitis, anomalous origin of the left coronary 
artery from pulmonary artery and hypocalcemia. It is 
important to look for subtle evidence of sustained 
tachyarrhythmias. Anomalous origin of the left coronary 
artery is treated surgically. The presence of CCF ina child 
with rheumatic heart disease does not necessarily mean 
presence of active carditis. In any patient of rheumatic 
heart disease, if active carditis has been excluded and an 
adequate trial has been given to medical management, 
operative treatment should be considered. Uncommon 
causes of CCF in infants include upper respiratory obstruc- 
tion, hypoglycemia, neonatal asphyxia and hypocalcemia. 
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CONGENITAL HEART DISEASE _ 


Congenital heart disease (CHD) encompasses a broad 
and diverse range of conditions that manifest fr, 

prenatal period to late adulthood. In common terms, CHp 
refers to structural heart defects that are present at birth, 
Diagnosis requires a systematic 2h hare including 
history, physical examination, chest X-ray, ECG ang 
echocardiography. Palliative or corrective surgery jg 
feasible for most patients with CHD, if undertaken in 


timely fashion. 


Epidemiology and Etiology 


CHD accounts for nearly one-third of all major congenital 
anomalies. The prevalence of CHD in infancy is estimated 
at 6-8 per 1000 live births; 25% are life-threatening and 
require early intervention. A proportion of patients with 
CHD have an identifiable genetic basis (Table 16,7), 
Table 16.8 shows the association of CHD with acquired 
disorders and teratogens. 


Physiology of Congenital Heart Disease 
Pressure, Flow and Resisfances 


The pressures and resistances in the pulmonary and 
systemic circulations are indicated in Table 16.9. The 
pulmonary and systemic flows are equal, if there are no 
abnormal communications between the two sides. 


Syndrome 
CATCH 22 


Williams-Beuren 


Down 
Turner 


Noonan 


VATER association 


Holt-Oram 
CHARGE association 





Alagille 


Table 16.7: Inherited syndromes associated with congenital heart disease 


Genetic mutation; inheritance 


Microdeletion in 22q; 
autosomal dominant 


Microdeletion in e/astin 
(7q11.23); AD 


Trisomy 21; Robertsonian 
translocation or mosaicism 


45XO or 46/45XO mosaic 


PTPN11; AD 


Sporadic 


TBX5; AD 
CHD7, often de novo 


JAG1; most cases are de novo 


Cardiac lesions 


Interrupted aortic arch, TOF, 
VSD, persistent truncus 
arteriosus, double outlet 
right ventricle 


Supravalvar aortic stenosis, 
pulmonary stenosis, 
hypertension 


AV canal defect, perimemb- 
ranous VSD, TOF 


Bicuspid aortic valve, 
coarctation 


Pulmonic stenosis, hypertro- 
phic cardiomyopathy, ASD 


VSD, TOF 
Ostium secundum ASD; VSD 
Branch pulmonary artery 


stenosis, TOF, VSD 


Pulmonary stenosis, TOF 


Other features 


Cleft palate, hypocalcemia, 
thymic hypoplasia, nasal 
regurgitation, gastroesophageal 
reflux, learning disability 


Elfin facies, mental retardation, 
hypersocial personality, short 
Stature, hypercalcemia 
Characteristic facies, clinodactyly, 
mental retardation; hypotonia 
Short stature, gonadal dysgenesis 
lymphedema 

Short stature, dysmorphic facies: 
webbed neck, developmental 
delay, cryptorchidism 
Vertebral, renal and limb defects: 


anal atresia, tracheoesophage4 
fistula 


Radial ray anomalies 
Coloboma, growth failure, 
choanal atresia, genital 
hypoplasia, ear anomalies 
Dysmorphic facies, cholestati¢ 
Jaundice, butterfly vertebrae, 
renal anomalies 


AD: Autosomal dominant; AV: Atrioventricular; ASD: Atrial septal defect; TOF: Tetralogy of Fallot; VSD: Ventricular septal defect 
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Table 16.8: Prenata| exposures that increase risk of 
Congenital heart disease 


Gestational diabetes (transposition, atrioventricular septal 
defects, hypoplastic left heart. cardiomyopathy, PDA) 


Febrile illness in first trimester (increased risk) 


Rubella (PDA, peripheral pulmonary stenosis, VSD) 
Lupus (complete heart block) 


Phenylketonuria (VSD, TOF, PDA, single ventricle) 
Vitamin deficiency (increased risk of heart disease) 


Teratogens (first trimester), €.g. anticonvulsants, NSAIDs, 
cotrimoxazole, thalidomide, retinoic acid 


Exposure to organic solvents, herbicides, pesticides, ionizing 
radiation 


NSAIDs: Nonsteroidal anti-inflammatory drugs; PDA: Patent ductus 
arteriosus; TOF: Tetralogy of Fallot; VSD: Ventricular septal defect 


According to Poiseuille’s equation, modified for 
application to blood flow through vessels, 


Pressure = Flow x Resistance 


The pressure is measured in mm Hg, flow in liters/ 
min and resistance in dynes/sec/cm? or units (80 dynes/ 
sec/cm? = 1 unit). Although this equation is not strictly 
accurate when applied to flow of blood in pulmonary and 
systemic circuits, it helps in understanding the hemo- 
dynamics. 

Systemic pressure = Systemic flow x peripheral vascular 
resistance 

Pulmonary arterial pressure = Pulmonary flow x pulmonary 
vascular resistance 

It is thus obvious that the pressure in a vessel is 
dependent on the flow through the vessel and the resistance, 
offered by the vessel to the flow of blood. It is possible to 
increase the pressure in a vessel either by increasing the 
flow or by increasing the resistance. Increase in flow 
through the pulmonary artery means a left-to-right shunt, 
as occurs in atrial or ventricular septal defect or patent 
ductus arteriosus. Generally, this increase in flow is not 
associated with significant increase in pressure as the 
distensibility characteristics of the pulmonary artery are 
such thatit can accommodate almost three times the normal 
flow without an increase in pressure. Hence, large left-to- 
tight shunts can take place without an increase In pressure. 


Beas Table 16.9: Systol 
, Pressure (mm Hg) 


: Chamber/vessel 
Superior vena cava 0-6 
Right atrium si 
Right ventricle 25/0-6 
Pulmonary artery eon 
Resistance, dynes/sec/cm® 30-240 


Pulmonary vascular 


Increase in pulmonary vascular resistance means 
obstructive disease in the pulmonary circuit. The 
pulmonary vessels develop medial hypertrophy and later 
intimal changes are added, to further obstruct the flow of 
blood through the pulmonary circulation. After a certain 
stage, it is an irreversible process. The increase in 
resistance to flow in the pulmonary circuit is associated 
with reduction in flow. The increase in pressure in the 
pulmonary artery associated with normal resistance is 
called hyperkinetic pulmonary arterial hypertension 
whereas when the pressure is increased due to increase 
in pulmonary vascular resistance, it is called obstructive 
pulmonary arterial hypertension. Clinically, the two 
conditions can be distinguished on clinical examination. 


Fetal Circulation (Fig. 16.3) 


The heart assumes its normal four-chambered shape by 
the end of 6 weeks of intrauterine life. From then on only 
minor changes occur and consist mainly in the growth of 
the heart as a whole with increasing age of the fetus. For 
the exchange of gases, the fetus is dependent on placental 
circulation, whereas the neonate is dependent on the 
lungs. Immediately following birth, the lungs expand with 
air and the gas exchange function is transferred from the 
placenta to the lungs; following various circulatory 
adjustments. 

Blood oxygenated in the placenta is returned by way 
of umbilical veins, which enter the fetus at the umbilicus 
and join the portal vein (Fig. 16.3), The ductus venosus 
provides a low resistance bypass between the portal vein 
and the inferior vena cava. Most of the umbilical venous 
blood shunts through the ductus venosus to the inferior 
vena cava. Only a small proportion mixes with the portal 
venous blood and passes through the liver. Blood from 
inferior vena cava comprising that from hepatic veins, 
umbilical veins and that from lower extremities and 
kidneys enters the right atrium. On reaching the right 
atrium, the bloodstream is divided into two by the inferior 
margin of septum secundum—the crista dividens. About 
one-third of the inferior vena cava blood enters the left 
atrium, through the foramen ovale, the rest two-thirds mix 
with the venous return from the superior vena cava to 
enter the right ventricle. 

The blood reaching the left atrium from the right atrium 
mixes with small amount of blood reaching the left atrium 


ic and diastolic pressures and resistance in the pulmonary and systemic circuits 


Chamber/vessel Pressure (mm Hg) 

Pulmonary vein 6—10 

Left atrium 6-10 

Left ventricle 80—120/5—10 

Aorta 80-—120/60-85 
800-1600 


Systemic vascular 


a 





Superior 
vena Cava 


Brachlocephalic 
artery 


Ductus 
arteriosus 


Foramen 





Ductus 
venosus 


Fig. 16.3: Fetal circulation: Details of the clrculation are provided 
in the text. Saturations of blood (%) in various chambers and 
vessels are Indicated in black font and pressures (mm Hg) are 
Indicated in red font 


through the pulmonary veins and passes to the left 
ventricle. The left ventricle pumps out the blood into the 
ascending aorta for distribution to the coronaries, head 
and upper extremities. The superior vena cava stream, 
comprising blood returning from the head and arms, 
passes almost directly to the right ventricle. Only minor 
quantities (1 to 3%) reach the left atrium. The right 
ventricle pumps out blood into the pulmonary trunk. A 
small amount of this blood enters the pulmonary 
circulation, the rest passes through the ductus arteriosus 
into the descending aorta to mix with the small amount 
of blood reaching the descending aorta from the aortic 
arch (derived from the left ventricle), 

The main differences between the fetal and postnatal 
circulation are: (i) presence of placental circulation, which 
provides gas exchange for the fetus; (ii) absence of gas 
exchange in the collapsed lungs; this results in very little 
flow of blood to the lungs and thus little pulmonary 
venous return to left atrium; (iii) presence of ductus 
venosus, joining the portal vein with the inferior vena 
cava, providing a low resistance bypass for umbilical 
venous blood to reach the inferior vena cava; (iv) widely 
open foramen ovale to enable oxygenated blood (through 
umbilical veins) to reach the left atrium and ventricle for 
distribution to the coronaries and the brain; and lastly 
(v) wide open ductus arteriosus to allow right ventricular 
blood to reach the descending aorta, since lungs are non- 
functioning. 


Essential Pediatrics 


Circulatory Adjusimen's ot Birth—Transitlonal Circuty by 


continue to occur for a va»; 
Circulatory a eee eee af low relstance place 
period atter Jadee ing of the umbilical ental 
circulation following clamping of ie cal cord, af 
birth, results in a sudden increase in systemic vascyla, 
resistance. This tends to increase the aortic blood Press 
and the left ventricular systolic pressure. The lef 
ventricular diastolic pressure also tends to rise and 
increases the left atrial pressure. The loss of placenta 
circulation results in a sudden reduction of flow throy 
the ductus venosus that closes off. The loss of placent,| 
flow results in a decrease in the volume of blood returning 
to the right atrium. The right atrial pressure decreases 
The left atrial pressure becomes higher than the right atrial 
pressure and the septum primum, which acts as a valve 
of the fossa ovalis, approximates with the septum 
secundum to close off the foramen ovale. Functional 
closure of the foramen ovale occurs relatively quickly, 
Over a period of months to years, the septum primum 
and septum secundum become adherent resulting in 
anatomical closure of the foramen ovale. 


Sudden expansion of lungs with the first few breaths 
causes a fall in pulmonary vascular resistance and an 
increased flow into the pulmonary trunk and arteries. The 
pulmonary artery pressure falls due to lowering of 
pulmonary vascular resistance. The pressure relations 
between the aorta and pulmonary trunk are reversed so 
that the flow through the ductus arteriosus is reversed. 
Instead of blood flowing from the pulmonary artery to 
aorta, the direction of flow through the ductus, is from 
the aorta to pulmonary trunk. The increased oxygen 
saturation following birth causes the ductus arteriosus to 
constrict and close. Some functional patency and flow can 
be demonstrated through the ductus arteriosus for a few 


days after birth. The ductus arteriosus closes anatomically 
within 10 to 21 days, 


These changes result in the establishment of the 
postnatal circulation. Over the next several weeks, the 
pulmonary vascular resistance continues to decline with 
a decline in the pulmonary artery and right ventriculat 
pressures. The adult relationship of pressures and 
resistances in the pulmonary and systemic circulations 


established by the end of a roximately two to three 
weeks (Fig. 16.4). Ppproximately two 


Hemodynamic Classification of 
Congenital Heart Disease 


CHD has been broadly classified as cyanotic and acyanob 
heart disease (Table 16.10). While broad classificatio™ 
work for most situations, there are patients who cann? 
be classified into common Physiologic categorie 
Additionally, there are often specific issues, such as V4" 
regurgitation, that determine the clinical manifestatio™ 
The following physiologica] concepts are importa” 
understand common congenital malformations: 
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At birth Adult 
SVC PV SVC PV 
IVC | | PV IVC. 0-6 6-10 PV 
RA RA 
25/0-6 120/0-10 
RV RV 
60/40 60/40 PA Ao 
[ DA | 25/10 120/75 
PA Ao 
PVR = 250 U PVR=1-2U 


Fig. 16.4: Pressure and resistance in the right- and left-sided chambers and vessels at birth compared to adults. Ao aorta; DA 
ductus arteriosus; IVC inferior vena cava; LA left atrium: LV left ventricle; PA pulmonary artery; PV pulmonary vein; PVR peripheral 
vascular resistance; RA right atrium; RV right ventricle; SVC superior vena cava 


i, Pretricuspid versus post-tricuspid shunts 
ii. VSD-PS physiology 
iii, Single ventricle physiology 
iv. Duct-dependent lesions 
v. Unfavorable streaming and parallel circulation 


Pretricuspld versus Post-tricuspid Shunts 


Acyanotic heart disease with left-to-right shunts is 
traditionally classified as pretricuspid and post-tricuspid 
shunts. There are important differences in physiology that 
impact clinical manifestations and natural history. Left- 
to-right shunts at or proximal to the level of the atria are 
known as pretricuspid shunts. They include atrial septal 
defects and partial anomalous pulmonary venous 
connection. The left-to-right shunt and the consequent 
excessive pulmonary blood flow is dictated by relative 
stiffness of the two ventricles. Since the right ventricle is 
relatively stiff (non-compliant) at birth and during early 
infancy, the shunt is small. Over the years, the pulmonary 
Vasculature becomes capacious and right ventricle 
progressively enlarges to accommodate the excessive 
pulmonary blood flow. This explains why atrial septal 
defects (ASD) seldom manifest with symptoms of 
pulmonary over-circulation during infancy and 
childhood. The clinical signs are also easily explained by 
the physiology of pretricuspid shunts. The diastolic flow 
murmur of ASD is across the much larger tricuspid valve 
and is, therefore, relatively subtle or even inaudible. The 
€xcessive blood in the right ventricle is ejected into the 
Pulmonary artery resulting in an ejection systolic murmur. 
The second heart sound splits widely and is fixed because 


of the prolonged right ventricular ejection time and 
prolonged "hang-out" interval resulting from increased 
capacitance of the pulmonary circulation. Pulmonary 
arterial hypertension (PAH) is typically absent or, at most, 
mild. The presence of moderate or severe PAH in ASD is 
worrisome and suggests the onset of irreversible changes 
in the pulmonary vasculature. 


Post-tricuspid shunts are different in that there is direct 
transmission of pressure from the systemic to the 
pulmonary circuit at the ventricular level (VSD) or great 
arteries (PDA and aortopulmonary window). The shunted 
blood passes through the lungs and finally leads to a 
diastolic volume overload of the left ventricle. The 
hemodynamic consequences are dictated by the size of 
the defect. For patients with large post-tricuspid shunts, 
symptoms begin in early infancy, typically after regression 
of elevated pulmonary vascular resistance in the newborn 
period. 


The excessive pulmonary blood flow returns to left 
atrium and flows through the mitral valve resulting in 
apical diastolic flow murmur that is a consistent marker 
of large post-tricuspid shunts. The left atrium and ventricle 
are dilated as a result of this extra volume. Elevated 
pulmonary artery pressure is an inevitable consequence 
of large post-tricuspid shunts, and is labeled hyperkinetic 
PAH. This needs to be distinguished from elevated 
pulmonary vascular resistance that results from long- 
standing exposure to increased pulmonary blood flow. 
Correction of large post-tricuspid shunts results in rapid 
and dramatic reduction in elevated pulmonary artery 
pressures. 
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Table 16.10: Broad physiologic categories of 
congenital heart disease 


Acyanotic heart disease: Left-to-right shunts 
Pretricuspid: Partial anomalous pulmonary venous drainage, 
atrial septal defect 

Ventricular: Ventricular septal defects (VSD) 


Great artery: Aortopulmonary window, patent ductus; ruptured 
sinus of Valsalva 

Both pre- and post-tricuspid: Atrioventricular septal defect, left 
ventricle to right atrial communications 


Acyanotic heart disease: Obstructive lesions 


Inflow: Cor-triatriatum, obstructive lesions of the mitral valve 
Right ventricle: Infundibular stenosis, pulmonary valve stenosis, 
branch pulmonary artery stenosis 

Left ventricle: Subaortic membrane, valvar aortic stenosis, 
supravalvar aortic stenosis, coarctation of aorta 
Miscellaneous: Coronary artery abnormalities, congenital mitral 
and tricuspid valve regurgitation 


Cyanotic heart disease 
Reduced pulmonary blood flow 


Intact interventricular septum: Pulmonary atresia with intact 
ventricular septum, critical pulmonic stenosis with right-to-left 
shunt at atrial level, Ebstein anomaly; isolated right ventricular 
hypoplasia 

Unrestrictive ventricular communication: All conditions listed 
under VSD with pulmonic stenosis 


Increased pulmonary blood flow 

Pretricuspid: Total anomalous pulmonary venous 
communication, common atrium 

Post-tricuspid: All single ventricle physiology lesions without 
pulmonic stenosis, persistent truncus arteriosus, transposition 
of great vessels 


Pulmonary hypertension 
Pulmonary vascular obstructive disease (Eisenmenger 
physiology) 


Miscellaneous 
Pulmonary arteriovenous malformation, anomalous drainage 
of systemic veins to LA 


VSD-PS Physiology (Fallot Physiology) 


This situation is characterized by a large communication 
at the ventricular level together with varying degrees of 
obstruction to pulmonary blood flow. Typically, this is in 
the form of subvalvar (infundibular), valvar, annular 
(small annulus) and occasionally supravalvar stenosis. The 
free communication between the two ventricles results in 
equalization of pressures. Severity of PS dictates the 
volume of blood flowing through pulmonary arteries and, 
therefore, amount of oxygenated blood returning via 
pulmonary veins. Severe PS results in right-to-left shunt 
across the VSD with varying degrees of hypoxia and, 
consequently, cyanosis, Cyanosis is directly proportionate 
to the severity of PS, Because the right ventricle is readily 
decompressed by the large VSD, heart failure is unusual. 
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The best example of VSD-PS physiology is tetralogy of 
Fallot (TOF). In its least severe form, TOF is often no} 
associated with cyanosis (pink TOF). Here PS IS SIENifican, 
enough to result in a large pressure gradient acrdsg the 
right ventricular outflow tract (RVOT), but not Severe 
enough to result ina reduction in pulmonary blood flow 
Pink TOF is typically associated with a loud €)ection 
systolic murmur because of a reasonable volume of bloog 
flowing across the RVOT. As the severity of PS Increases 
pulmonary blood flow declines and the intensity of 
murmur declines progressively. Identical symptoms ang 
physical findings are present in (i) complete transposition 
of great arteries with VSD and pulmonic stenosis 
(ii) double outlet right ventricle with pulmonic Stenosis 
and a large subaortic VSD, (iii) tricuspid atresia with 
diminished pulmonary blood flow, (iv) single ventricle 
with pulmonic stenosis, and (v) corrected transposition 
of great arteries with VSD and pulmonic stenosis. 


Single Ventricle Physiology 


This refers to a group of conditions where there is complete 
mixing of pulmonary and systemic venous returns. In 
addition to single ventricle (double inlet ventricle), a 
variety of conditions come under the category of single 
ventricular physiology. Atresia of one of the AV valves, 
severe hypoplasia of one of the ventricles, severe 
straddling of one of the AV valves over a large VSD are 
all examples of situations where there is mixing of 
pulmonary and systemic venous returns. The clinical 
manifestations are dictated by whether or not there is PS. 
In absence of PS, there is excessive pulmonary flow 
especially in infants because of the relatively lower 
pulmonary vascular resistance. The proportion of 
oxygenated blood from pulmonary veins that mixes with 
the systemic venous return is high. Cyanosis is minimal 
and measured oxygen saturation may be 90% or more. 
However, preserved oxygenation is at the cost of heart 
failure and permanent elevation of pulmonary vascular 
resistance (pulmonary vascular obstructive disease). If the 
child survives infancy, pulmonary vascular resistance 
progressively increases with increasing cyanosis. 

Single ventricle and its variants can be associated with 
varying degrees of PS. The features are similar to VSD-PS 
physiology except for relatively severe hypoxia because 
of free mixing of systemic and pulmonary venous return: 
Palliative operations are the only option for most 
conditions. The definitive procedure is the Fontan 
operation that allows separation of systemic venous return 
from pulmonary venous return thereby, eliminating 
cyanosis. 


Duct-Dependent Lesions 


An infant or a newborn with CHD that is dependent on 
the patency of the ductus arteriosus for survival can . 
termed as having a duct-dependent lesion. These ar 
newborns where the systemic blood supply is critically 
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dependent on an open PDA (duct-dependent systemic 
circulation, DDSC) or pulmonary blood flow 1s duct 
dependent (duct-dependent pulmonary circulation, 
DDPC). Closure of the PDA in DDSC results in systemic 
hypoperfusion (often mistaken as neonatal sepsis), as in 
hypoplastic left heart syndrome, where the entire systemic 
circulation is supported by the right ventricle through the 
ppA, and interrupted aortic arch where the descending 
aortic flow is entirely through the PDA. Severe coarctation 
and critical aortic stenosis are also examples of DDSC. 
Closure of PDA in DDPC results in severe hypoxia and 
cyanosis in neonates; examples include all forms of 
pulmonary atresia (irrespective of underlying heart defect) 
where the PDA is the predominant source of pulmonary 
blood flow. Patients with pulmonary atresia, where 
pulmonary blood supply is from major aortopulmonary 
collaterals, may survive even after the PDA closes. Critical 
PS can present as duct-dependent pulmonary blood flow. 
Newborns with severe Ebstein anomaly can also present 
as DDPC (physiologic pulmonary atresia) even though 
the pulmonary valve is anatomically normal, because of 
inability of the right ventricle to function effectively. 

Neonates with duct-dependent physiology require 
prostaglandin El (PGE1) for survival. Early recognition 
of a duct-dependent situation allows early initiation of 
PGE1 and stabilization until definitive procedure is 
accomplished. 


Unfavorable Streaming and Parallel Circulation 


Unfavorable streaming refers to a situation where oxygen 
rich pulmonary blood flow is directed towards the 
pulmonary valve and poorly oxygenated blood towards 
the aortic valve. The best example of unfavorable 
streaming the parallel circulation in transposition of great 
arteries (TGA) with intact ventricular septum. Here 
survival depends on the presence of a communication 
(ideally at atrial level) that allows mixing of pulmonary 
and systemic venous return. The presence of a VSD may 
improve the situation in TGA but significant cyanosis is 
usually present unless the pulmonary blood flow is 
torrential. 


Clinical Features 


While it is often easy to recognize the presence of CHD in 
older children, manifestations of heart disease can often 
be subtle in newborns and young infants. Conditions that 
do not primarily involve the cardiovascular system can 
result in clinical manifestations that overlap with those 
resulting from CHD in the newborn. Nonetheless, careful 
Clinical evaluation is often rewarding and allows 
identification of CHD in most infants and many newborns, 


Cyanosis 


Parents seldom report cyanosis unless it is relatively severe 
(saturation <80%). It is often easier for them to notice 
€pisodic cyanosis (when the child cries or exerts). 
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Difficult Feeding and Poor Growth 


The parent may report that the child has difficulty feeding. 
This is usually a feature of an infant with congestive heart 
failure and may include slow feeding, small volumes 
consumed during each feed, tiring easily following feeds 
and requirement of periods of rest during feeds. Excessive 
sweating involving forehead or occiput is commonly 
associated. Not infrequently, no history of feeding difficulty 
may be obtained, but examination of growth charts reveals 
that the growth is not appropriate for age. A recent decline 
in growth rate (falling off the growth curve) or weight that 
is inappropriate for age (<5th centile) may result from a 
large left-to-right shunt. Characteristically, growth 
retardation affects weight more than height. 


Difficult Breathing 


Tachypnea (respiratory rate >60/min in infants <2 months; 
>50/min in older infants; >40/min after 1 year) is a 
manifestation of heart failure in newborns. For infants, 
subcostal or intercostal retractions together with flaring 
of nostrils are frequently associated with tachypnea. 


Frequent Respiratory Infections 


The association of respiratory infections that are frequent, 
severe and difficult to treat with large left-to-right shunts 
is frequent but not a specific feature. 


Specific Syndromes 


The presence of chromosomal anomalies or other 
syndromes that are associated with CHD should alert the 
clinician to the presence of specific cardiac defects. 
Trisomy 21 is the commonest anomaly associated with 
heart disease; others include trisomy 13 and 18, Turner 
and Noonan syndromes, and velocardiofacial and 
DiGeorge syndromes (Table 16.7). 


Nadas Criteria 


The assessment for presence of heart disease can be done 
using the Nadas criteria. Presence of one major or two 
minor criteria is essential for indicating the presence of 
heart disease (Table 16.11). 


Major criteria 
Systolic murmur grade ITI or more in intensity: A pansystolic 
murmur is always abnormal no matter what is its intensity. 


Table 16.11: Nadas’ criteria for clinical diagnosis of 
congenital heart disease 


Major Minor 

Systolic murmur grade III Systolic murmur grade | or II 
or more Abnormal second sound 
Diastolic murmur Abnormal electrocardiogram 
Cyanosis Abnormal X-ray 


Congestive cardiac failure © Abnormal blood pressure 
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There are only three lesions that produce a pansystolic 
murmur: VSD, mitral regurgitation and tricuspid 
regurgitation. An ejection systolic murmur may be due to 
an organic cause or it may be functional. An ejection 
systolic murmur associated with a thrill is an organic 
murmur. Grade III ejection systolic murmur of a functional 
type may be heard in anemia or high fever especially in 
small children. 

A number of children around the age of 5 years may have a 
soft, short ejection systolic murmur, If itis accompanied with 
anormal second sound, then it is unlikely to be significant. 
Before labeling a murmur as innocent, it is necessary to 
reassess after an interval. Typically, innocent murmurs 
are often detected during a febrile illness and often 
disappear. It may be necessary to obtain an ECG and an 


echocardiogram to rule out heart disease and allay 
parental anxiety. 


Diastolic murmur: A diastolic murmur almost always 
indicates the presence of organic heart disease. 


Central cyanosis: Central cyanosis suggests that either 
unoxygenated blood is entering the systemic circulation 
through a right-to-left shunt or blood passing through the 
lungs is not getting fully oxygenated. Oxygen saturation 
of the arterial blood is less than normal (normal being 
around 98%). If blood is not getting oxygenated in the 
lungs, it is called pulmonary venous desaturation and 
indicates severe lung disease. Cyanosis due to a right-to- 
left shunt indicates presence of heart disease. Central 
cyanosis is present in fingers, toes and mucous membranes 
(mouth, tongue). It results in polycythemia and clubbing. 

Peripheral cyanosis does not imply the presence of heart 
disease. Peripheral cyanosis results due to increased oxygen 
extraction from the blood by the tissues, and is seen in fingers 
and toes but notin mucous membranes. The arterial oxygen 
saturation is normal. Presence of central cyanosis indicates 
CHD if lung disease has been excluded. However, cyanosis 
that is obvious clinically usually results from significant 
desaturation (typically <85%). Poor lighting, anemia and 
dark skin may mask cyanosis. The routine use of pulse 
oximeters allows detection of mild hypoxia. Saturations 
<95% while breathing room air are abnormal. 


Congestive cardiac failure: Presence of congestive cardiac 
failure indicates heart disease except in neonates and 
infants, where it might occur due to extracardiac causes, 
including anemia hypocalcemia and hypoglycemia. 


Minor criteria 
Systolic murmur less than grade II: However, soft, less than 


grade III, murmurs by themselves do not exclude heart 
disease. 


Abnormal second sound: Abnormalities of the second sound 
always indicate presence of heart disease. It has been 
included as a minor criterion only because auscultation is 
an individual and subjective finding. 


Abnormal electrocardiogram: Electrocardiogram is used 4, 
determine the mean ORS axis, right or left atria 
hypertrophy and right or left ventricular hypertrophy, 
Criteria for ventricular hypertrophy, based only on volta : 
criteria are not diagnostic for the presence of heart disease 
since these may be affected by changes in blood viscosj 7 
electrolyte imbalance, position of electrodes and thicknes, 
of the chest wall. 


Abnormal X-ray: The reason for abnormal X-ray as a mino, 
criterion is twofold. In infants and smaller children, the 
heart size varies with expiration and inspiration. If there 
is cardiomegaly on an inspiratory film, it suggests heart 
disease. The second reason is that enlarged thymus in 
children up to 2-year-old might mimic cardiomegaly, 
Fluoroscopy is helpful in separating the shadow of the 
thymus from the heart. 


Abnormal blood pressure: It is difficult to obtain accurate 
blood pressure in smaller children. It is important to use 
appropriate sized cuffs while measuring blood pressure. 


Diagnostic Implications of the Second Heart Sound 


Of the various heart sounds and murmurs, the most 
important is the assessment of the second heart sound 
(Fig. 16.5). The normal second heart sound can be 
described in three parts: 


i. It has two components: Aortic closure sound (A2) and 
pulmonary closure sound (P72). 


Second Heart Sound 


Splitting Expiration Inspiration 


ie 
| es 


Normal 


Wide and variable 


Wide and fixed 


Paradoxical 





Single second sound 





al] 
P24 


Fig. 16.5: Second sound (52): The relationship of aortic (A2) 
and pulmonic component (P2) in inspiration and expiration 
Single $2 means that it may be either A2 or P2 ora combinati 
of both 
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ji. During quiet breathing, both the components are 
superimposed on each other during expiration, thus 
only a single second sound is heard. During inspira- 
tion, the aortic component comes early whereas the 
pulmonary component is delayed, resulting ina split 
in which the A2 precedes the P2. 

jii. The aortic component is louder than the pulmonary 
component, except in young infants. 
When we say that the second sound is normal, it is in 

context of the above three aspects. Abnormalities of the 

second sound might occur in each of these aspects. 


Abnormalities of aortic component: The A2 may be 
accentuated or diminished in intensity. It can also occur 
early or late in timing. The A2 is accentuated in systemic 
hypertension from any cause and in AR: diminished or 
may be absent when the aortic valve is immobile because 
of fibrosis or calcification; or if absent, in aortic valve 
atresia. The A2 is delayed when the left ventricular ejection 
is prolonged as in aortic valvar or subvalvar stenosis, 
patent ductus arteriosus with a large left to right shunt, 
AR, left bundle branch block and left ventricular failure. 
The A2 occurs early in VSD, mitral regurgitation and 
constrictive pericarditis. 


Abnormalities of pulmonic component: The P2 may be 
accentuated or diminished in intensity or delayed in 
timing. Although it may occur early in tricuspid 
regurgitation, it is not recognized since tricuspid 
regurgitation as an isolated lesion (without pulmonary 
arterial hypertension) is rare. Accentuated P2 is present 
in pulmonary arterial hypertension from any cause. The 
P2 is diminished in intensity in pulmonic stenosis. It is 
absent when the pulmonary valve is absent as in 
pulmonary valvar atresia. The P2 is delayed in pulmonic 
Stenosis, atrial septal defect, right bundle branch block, 
total anomalous pulmonary venous connection and type 
A WPW syndrome. 


Abnormalities in splitting of the second sound (S2): The 
normal 82 is single (or closely split, <0.03 sec) in expiration 
and split in inspiration with the louder A2 preceding P2. 
Wide splitting of the second sound is defined as splitting 
during expiration due to an early A2 or late P2 or the A2- 
P2 interval of 0.03 sec or more during expiration. If the 
interval increases during inspiration, it is called wide 
variable splitting, but if it is the same in expiration and 
inspiration it is defined as widely split and fixed $2. Wide 
and variable splitting of $2 is seen in pulmonic stenosis, 
mitral regurgitation and VSD. In pulmonic stenosis, it is 
due to a delay in P2 whereas in mitral regurgitation and 
VSD, it is due to an early A2. Wide and fixed splitting of 
the $2 occurs in atrial septal defect, right bundle branch 
block and total anomalous pulmonary venous connection 
and is due to a delay in P2. 

The delay in A2 results in closely split, single or 
Paradoxically split S2. In paradoxically split 52, the split 


ly wide In expiration but narrows during lneplration 
(lip. 16.5), A slagle second sound means that tt te either 
AQor Zora combination. The deckston whether itle aorte 
or pulmonic¢ora combination, depends not on the locaton 
of intensily of the slagle second sound, baton the clinical 
profile, In letalogy of Fallot, only a slate 52 bn heard and 
Lis the A2 siace the pulmonte component ty delayed and 
sosoft that ltly inaudible. In VSP) with pulmonary arterials 
hypertension and right-to-left phont (nenmenger 
complex), single 52 represents a combinathon of A2 and 
P2. While based on auscultation alone, bintght be difficult 
to differentiate between tetralogy of Vallot and 
Eisenmenger complex, the history and chest X-ray can 
distinguish these conditions, 


Imaging Studies 


Echocardiography: Echocardiography has revolutionized 
the diagnosis of CHID and its diagnostic yield makes this 
investigation cost-effective (Hig. 16.6). This is particularly 
true for infants and newborns where excellent images are 
readily obtained, Transesophageal echocardiography can 
supplement transthoracic studies in older children, 


Cardiac magnetic resonance imaging: Cardiac MRI is 
important for evaluation of CIID, especially in older 
patients and for postoperative evaluation. MRI also 
defines extracardiac structures such as branch pulmonary 
arteries, pulmonary veins and aortopulmonary collaterals. 
Useful physiologic data (blood flow calculations at a 
number of locations; estimate of ventricular function) is 
obtained. Limitations include lack of expertise for 


interpretation and need for general anesthesia to enable 
breath-holding. 


Computed tomography: CT overcomes some of the 
limitations of MRI because it has a much lower image 


acquisition time. However, exposure to ionizing radiation 
is a concern. 


Diagnostic cardiac catheterization: The role of diagnostic 
cardiac catheterization for patients with CHD has declined 
with the availability of high quality echocardiography, 
MRI and CT. Since cardiac catheterization is an invasive 
procedure, its performance requires planning so that the 
information desired may be obtained with minimum risk 
to the patient. Diagnostic cardiac catheterization should 
be advised, if non-invasive investigations do not provide 
information that is required for surgery. 


Definitive and Palliative Treatment 


To ensure the best possible results of management of CHD, 
itis necessary to havea team of qualified individuals who 
are part of a comprehensive pediatric heart program. 


Surgery 


Surgery is still the best option for definitive treatment or 
palliation of most CHD. Surgeries for CHD are broadly 
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Fig. 16.6: Two-dimensional echocardiography. An Illustrative example of how the ventricular septum can be sectioned at different 
levels to screen for ventricular septal defects. The lines with arrows represent levels at which cross-sectional Images are obtained. 
The still frames of the respective echocardiograms are shown In relation to each of the level at which a section Is obtained. Ao 
aorta; LV left ventricle; PA pulmonary artery; RV right ventricle; RVOT right ventricular outflow tract 


classified as open heart (requiring use of cardiopulmonary 
bypass—CPB) and closed heart (not requiring CPB). Most 
corrective operations and many palliative operations fall 
under the former category. These procedures are generally 
a more significant and expensive undertaking because of 
the use of the CPB circuit. The morbidity of open heart 
operations is proportionate to the duration of exposure to 
CPB and the cross-clamp time (the period of time when 


heart beating is deliberately brought to a standstill through 
the use of cardioplegia). 


Corrective operations: Corrective surgery is possible for 
atrial and ventricular septal defects, with no significant 
long-term concerns. If the repair of TOF does not result in 
pulmonary valve incompetence, long-term concerns are 
minimal. Certain operations require careful follow-up 
because long-term concerns are substantial, especially 
after 10-20 years follow-up. These include the Senning 
operations (atrial switch) for transposition where the right 


ventricle continues to support the systemic circulation, 
TOF repair where the pulmonary valve is rendered 
incompetent through a transannular patch and operations 
that require the placement of a right ventricle to 
pulmonary artery conduit, Corrective su rgeries associated 
with excellent long-term survival include the arterial 


switch operation, repair of total anomalous pulmonary 
venous connection and coarctation, 


Surgery for single ventricle physiology: This category 
includes all anatomic examples of single ventricle. In 
addition, this includes situations when one atrio- 
ventricular valve is atretic or one of the ventricles is 
hypoplastic. The surgical management of single ventricle 
physiology is performed in stages, The first stage involves 
early pulmonary arterial band (usually under the age of 
3 months) for patients who have increased pulmonary 
blood flow and the modified Blalock-Taussig shunt for 
those who have reduced Pulmonary blood flow with 
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cyanosis. The second operation is the bidirectional Glenn 
shunt. The superior vena cava is anastomosed to the right 
ulmonary artery. This operation allows effective 
jation until the age of 4-6 years, sometimes longer. 
The Fontan operation is finally required for elimination 
of cyanosis. All the systemic venous return is routed to 
the pulmonary artery. There are important long-term 
issues in a Substantial proportion of survivors. 


Catheter Interventions 


Catheter interventions are possible in many patients. Many 
defects such as secundum ASD, PDA and selected muscular 
VSD can be closed in the catheterization laboratory. 
Additionally, balloon valvotomy is now the first line of 
treatment for stenosis of the pulmonary and aortic valves 
(Table 16.12). These interventions are far less traumatic than 
surgery, accomplished with ease and allow rapid recovery. 


Complications of Congenital Heart Disease 

Pulmonary arterial hypertension (PAH): Lesions that have 
the greatest likelihood of developing PAH include cyanotic 
heart disease with increased pulmonary blood flow. Here 
irreversible changes in pulmonary vasculature develop 
rapidly, often during infancy. It is important to correct or 
appropniately palliate these lesions early (within the first 


Lesion 
Atrial septal defect 


Procedure 
Device closure 
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few months of life). Large acyanotic post-tricuspid shunts 
are also prone to early development of PAH and should be 
ideally corrected early, preferably within the first year. In 
pretricuspid shunts, PAH develops slowly and 
unpredictably. While most patients with ASD will have 
mild or no PAH throughout their lives, a small proportion 
develops accelerated changes in pulmonary vasculature. 
Features associated with early development of PAH are: 
Large size of the defect; presence of pulmonary venous 
hypertension; airway obstruction; syndromic association, 
(e.g. trisomy 21); prolonged duration of increased 
pulmonary blood flow; and residence at high altitude. 


Infective endocarditis or endarteritis (IE): Endocarditis 
can complicate CHD, especially in patients with significant 
turbulence created by high-pressure gradients, e.g. 
restrictive VSD and PDA, tetralogy of Fallot and left 
ventricular outflow obstruction. Some surgical operations 
(Blalock-Taussig shunt) are also associated with increased 
risk of IE or endarteritis. Lesions with little or no turbulent 
flows, such as ASD, do not show an increased risk. The 
importance of good dental hygiene cannot be over- 
emphasized. 


Impaired growth and nutrition: This is affected in all 
forms of CHD and is striking in large left-to-right shunts. 


Table 16.12: Congenital heart defects amenable to catheter-based interventions 
Comments 


Amenable to device closure, if the defect is in the fossa ovalis and has 


sufficient margins 


Patent ductus arteriosus Coil or device closure 


(PDA) 


Muscular ventricular septal 
defect (VSD) 


Membranous VSD 


Pulmonary valve stenosis 
valvotomy 


Aortic valve stenosis 


Device closure 


Device closure 
Balloon pulmonary 


Balloon aortic valvotomy 


Majority can be closed by catheter interventions, except large 
PDA in infants 


Device closure is an option for older infants (>8 kg) 


Controversial; carries a small risk of heart block 


Treatment of choice for most forms except dysplastic valves in 
Noonan syndrome 


Initial treatment of choice at all ages; however, dilated aortic valves 


eventually need surgery 


Balloon dilation with 
stenting 

Balloon dilation with 
or without stenting 


Branch pulmonary artery 
stenosis 


Coarctation of aorta 


Stenting preferred to surgery 


Neonates: Surgery preferred due to high risk of recurrence 
Older infants: Balloon dilatation satisfactory 


Children >10 years: Dilatation with stenting is curative 


Coil or device closure 
Coil or device closure 


Coronary artery fistula 


Pulmonary arteriovenous 
malformations 


Duct-dependent pulmonary 
Circulation 


Pulmonary atresia with intact 
ventricular septum 


Ruptured sinus of Valsalva 
aneurysm 


Transposition of great arteries 


vo 


Stenting of the PDA 


by balloon dilation 
Device closure 


Balloon atrial septostomy 


Valve perforation followed Preferred procedure in some centers 


Treatment of choice 


Treatment of choice when discrete; surgery preferred for diffuse 
malformations 


Offered, in selected cases, as an alternative to Blalock-Taussig shunt 


D 


Preferred option in selected cases 


For palliation before definitive surgery 








Patients with CHD show high prevalence of malnutrition, 
which improves after correction of the underlying 
condition. 


Myocardial dysfunction: Chronic volume overload 
results in ventricular enlargement and ventricular 
dysfunction thatis reversed after correction. A proportion 
of patients with severe hypoxia may develop severe 
dysfunction invelving both ventricles, Heart failure is 
mostly the result of hemodynamic consequences of 
increased pulmonary blood flow, mitral or tricuspid valve 
regurgitation and severe myocardial hypertrophy, Systolic 
dysfunction is 2 relatively less common cause. 


Neurologic consequences und development delay: Chronic 
hypona, in utero hypoxia and hypoperfusion and open- 
heart surgery contnbute substantially to morbidity. Brain 
abscess is uniquely associated with cyanotic heart disease 
(typically bevond the age of 2 years). 


Erythrocytosis: Older children with cyanotic CHD are 
prone to complications from chronically elevated red cell 
turnover. These include symptoms of hyperviscosity, 
gout, renal failure and gallstones. 


Rhythm disorders and sudden death: Chronic enlarge- 
ment of heart chambers predispose to tachyarrhythmia. 
Chronic right atrial enlargement (ASD, Ebstein syndrome, 
severe tricuspid regurgitation) predisposes to atrial flutter. 
Chronic right ventncular enlargement predisposes to 
ventricular tachycardia and may precipitate sudden 
cardiac arrest. This is a significant long-term concern after 
TOF repair where the pulmonary valve is rendered 
incompetent. Left ventricular hypertrophy and 
dysfunction is also associated with high risk of ventricular 
tachycardia. 


Cyanotic spells: Patients with the VSD-PS physiology are 
prone to cyanotic spells. Cyanotic spells occur due to acute 
decrease in pulmonary blood flow, increased right-to-left 
shunt and systemic desaturation due to (i) infundibular 
spasm secondary to increase in circulating catecholamines, 
during feeding or crying; or (ii) activation of mechano- 
receptors in right ventricle (due to decrease in systemic 
venous return) or in left ventricle (due to reduced 
pulmonary blood flow). These changes result in peripheral 
vasodilatation and fall in systemic vascular resistance, 
producing increased right-to-left shunt and systemic 
desaturation. 

A cyanotic spell is an emergency, which requires 
prompt recognition and intervention to prevent disabling 
cerebrovascular insults or death. The spell needs to be 
taken seriously also because it indicates the need for early 
operation. It is commonly seen below 2 years (peaks 
between 2 and 6 months). The onset is spontaneous and 
unpredictable and occurs more often in early morning, 
although it can occur at anytime in the day. The infant 
cries incessantly, and is irritable and inconsolable. 


S| 408 | Essentlal Pediatrics 


a ae 


Tachypnea Is prominent feature without significans 
subcostal recession. Cyanosis deepens as the spe 
progresses, Later gasping respiration and apnea ensues, 
which leads to limpness and ultimately anoxic seizures, 
Spells can last from minutes to hours. Auscultation reveals 
softening or disappearance of pulmonary Ejection 
murmur. The management is summarized in Table 16.13, 


Natural History 

Some CHD have a tendency towards spontaneous closure 
and this influences the timing of intervention. Defects 
known to close spontaneously are atrial and ventricular 
septal defects, and patent ductus arteriosus. Variables 
influencing the likelihood of spontaneous closure include. 
Age at evaluation (lower likelihood of closure with 
increasing age), size of the defect (smaller defects more 


Table 16.13: Management of hypercyanotic spells 
immediate steps 
Check airway; deliver oxygen by face mask or nasal cannula 
Knee chest position 


Sedate with morphine (0.2 mg/kg SC or ketamine 3-5 ma/kg/ 
dose IM) 


Sodium bicarbonate at 1-2 mL/kg (diluted 1:1 or in 10 mL/kg 
N/5 in 5% dextrose) 


Correct hypovolemia (10 mL/kg of dextrose normal saline) 
Transfuse packed red cell, if anemic (hemoglobin <12 g/dL) 


Metoprolol at 0.1 mg/kg IV slowly over 5 min; repeat every 
S min; for maximum 3 doses; may be followed by infusion at 
1-2 yg/kg/min 


Monitor saturation, heart rates and blood pressure; keep heart 
rate below 100/minute 


Persistent desaturation and no significant improvement 


Consider vasopressor infusion: Methoxamine 0.1-0.2 maq/ 
dose IV or 0.1— 0.4 mg/kg/dose IM, or phenylephrine 5 y:¢ «9 
as IV bolus and 1—4 ug/kg/min as infusion 


If spells persist: Paralyze the patient, electively intubate and 
ventilate; plan for palliative or corrective surgery 

Seizures are managed with diazepam at 0.2 mg/kg !\! of 
midazolam at 0.1-0.2 mag/kg/dose IV 


Following a spell 


Conduct a careful neurological examination; CNS imacing. tf 
focal deficits are present 


Initiate therapy with beta-blocker at the maximally tolerated 
dose (propranolol 0.5-1.5 mg/kg q 6-8 hr); helps improve 
resting saturation and decreases frequency of spells 


Ensure detailed echocardiography for disease morphology 
Plan early corrective or palliative surgery 


Administer iron in therapeutic (if anemic) or prophylactic dose 


|Prevention 

Counsel parents regarding the possibility of recurrence of spells 
and precipitating factors (dehydration, fever, pain) 
Encourage early surgical repair 
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Table 16.14: Spontaneous closure of heart defects 


Likelihood of spontaneous closure 
Age at evaluation More likely in younger patients; most ASD and VSD that finally close or become very small do so by the 
age of 3 years; PDA either close in the first 2-4 weeks or not at all, particularly in preterm infants 
Sire of the defect 


Larger defects are unlikely to close spontaneously, such as ASD >8 mm and large unrestrictive VSD 
Location of the defect 


Fossa ovalis ASD tend to close spontaneously; ostium primum and sinus venosus defects do not close; 
muscular VSD have high likelihood of spontaneous closure; perimembranous VSD can also close 
Spontaneously; outlet (subpulmonic) VSD may close by prolapse of the aortic valve, resulting in aortic 
regurgitation; inlet VSD and malaligned VSD (as in tetralogy of Fallot) do not close spontaneously 
ASD atnal septal defect; PDA patent ductus arteriosus; VSD ventricular septal defect 


likely to close) and location of defects (fossa ovalis ASD 


and perimembranous and muscular VSDs often close) 
(Table 16.14). 


Without correction, many children especially those with 
cyanotic CHD, will not survive beyond early childhood. 
The outcomes are improved by correction through surgery 
and, in some situations, through catheter interventions. 
Despite curative surgery, some patients have important 
long-term sequelae. For example, patients with tetralogy 
of Fallot who have undergone "curative" repair might 
show progressive right ventricular dilation with increased 
risk of late heart failure and sudden cardiac death. There 
are concerns after the arterial switch operation (aortic root 
dilation, silent coronary occlusion), AV canal repair (AV 
valve regurgitation) and coarctation (residual 
hypertension, aortic aneurysm). Operations that involve 
placement of conduits (pulmonary atresia, Rastelli 
operations) require replacement upon growth of the child. 
Conditions associated with satisfactory long-term survival 
include small left-to-right shunts and bicuspid aortic 
valves. Survival is satisfactory for many patients with 
atrial septal defect, coarctation of aorta, pink TOF, 
mild Ebstein anomaly and some forms of corrected 
transposition of great arteries. 


Prevention of CHD 


Most CHD do not have an identifiable etiology and there 
is no effective strategy for their prevention. Education of 
public on the risks associated with consanguinity, drugs 
and teratogens in the first trimester of pregnancy and 
Widespread immunization against rubella have limited 
Tole in preventing CHD. Fetal echocardiography is an 
important modality for early diagnosis of CHD. 
Conditions that involve major chamber discrepancy (such 
as hypoplastic left heart syndrome), single ventricle and 
Common AV canal can be identified by routine four 
chamber view screening as early as 14-16 weeks gestation. 
With some refinement, additional conditions such as 
tetralogy of Fallot, large VSD, transposition of great vessels 
and persistent truncus arteriosus can be detected. Once a 
Serious CHD is identified, it is vital to counsel the families 
about postnatal manifestations, natural history, surgical 
°ptions and their long-term outlook. Before 20 weeks of 
Gestation, medical termination of pregnancy is an option. 


Detection of serious defects through fetal echocardio- 
graphy enables delivery at a center with a pediatric heart 
program. While echocardiography is recommended for 
future pregnancies after diagnosis of serious CHD in a 
child, this has low yield because only 2-8% CHD recur, 
with the highest risk for obstructive lesions of the left heart. 


ACYANOTIC CONGENITAL HEART DEFECTS 
Atrial Septal Defect 


Atrial septal defect (ASD) as an isolated anomaly accounts 


for 5-10% of all CHD. Based on anatomy, ASD is classified 
as follows (Fig. 16.7): 


Fossa ovalis ASD: They are located in the central portion 
of atrial septum, in the position of foramen ovale. These 


defects are amenable to closure in the catheterization 
laboratory. 


Sinus venosus ASD: These are located at junction of 
superior vena cava and right atrium. These defects do not 
have a superior margin because the superior vena cava 
straddles the defect. These defects are associated with 


anomalous drainage of one or more right pulmonary 
veins. 


Ostium primum ASD: These defects are created by failure 
of septum primum, and are in lower part of the atrial 


Ostium primum ASD 





Inferior vena cava COFonary sinus orifice 


Fig. 16.7: Right-sided cardiac chambers showing the three 
commonest types of atrial septal defects (ASD) 


| 400 


a 





septum; inferior margin of ASD is formed by the 
atrioventricular valve. 


Coronary sins ASD: Anunroofed coronary sinus is a rare 
communication between the coronary sinus and the left 
atrium, which produces features similar to other types of 
ASD. 


Physiology and Findings 


The physiology of ASD is that of a pretricuspid shunt. 
The enlarged right ventricle results in a parasternal 
impulse. The ejection systolic murmur Originates from the 
pulmonary valve because of the increased blood flow. An 
increased flow through the tricuspid valve may result in 
a soft delayed diastolic rumble at the lower left sternal 
border. The overload of the right ventricle due to an 
increase in venous return prolongs the time required for 
its emptying resulting in delayed P2. This delay also 
results from the prolonged ‘hang-out’ interval because of 
very low resistance in the pulmonary circulation. 
Additionally, since the two atria are linked via the large 
ASD, inspiration does not produce any net pressure 
change between them, and respiration-related fluctuations 
in systemic venous return to the right side of the heart are 
abolished; thereby the fixed $2 (Fig. 16.8). 

The electrocardiogram of ostium secundum ASD is 
characterized by right axis deviation and right ventricular 
hypertrophy. The characteristic configuration of the lead 
V1 is rsR' seen in almost 90% patients (Fig. 16.9). Presence 
of left axis deviation beyond —-30° suggests ostium primum 
ASD (Fig. 16.10), The chest X-ray (Fig. 16.11) shows mild 
to moderate cardiomegaly, right atrial and right 
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Fig. 16.8: summary of ouscultatory findings In the atrial septal 
defect, Ao aorta; A2 aortic component of the second sound: 
ESM ejection systolic Murmur, LA left atrium; LV left ventricle; PA 
Pulmonary artery: p2 pulmonic Component of the second 


sound; RA tight atrlum:; RV fight ventricle; $1 first sound; $2 second 
sound; X click 
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Fig. 16.9: Electrocardiogram of atrial septal defect of the 
secundum type showing rSR' pattern in lead Vi 
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Fig. 16.10; Electrocardiogram of atric) septal defect of Ine 


primum type associated with endocardial cushion detect. In 
Mean QRS axis is -60° 
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Fig. 16.11: Chest X-ray of an 18-year-old patient with lorge cinco! 
septal Gefect. Note the dilated night atnum. prominent main 
pulmonary artery and increased pulmonary blood flow 


ventricular enlargement, prominent main pulmonary 
artery segment, a relatively small aortic shadow and 
plethoric lung fields. The left atrium does not enlarge in 
size in atrial septal defect, unless associated with other 
anomalies like mitral regurgitation. Echocardiogram 
shows increased size of the right ventricle with paradoxical 
ventricular septal motion. 2D echo in subcostal view often 
best identifies the defect. The echocardiogram allows 
decision regarding suitability of catheter closure, based 
on measurements of the defect and the adequacy of 


margins (Fig. 16.12). 


Assessment of the Severity 


The size of the left-to-right shunt is directly proportional 
to the intensity of the murmurs and heart size. The larger 
the shunt, the more the cardiomegaly and the louder the 
pulmonary and tricuspid murmurs. 


Natural History and Complications 


Heart failure is exceptional in infancy. A small proportion 
of patients might develop pulmonary hypertension by the 
second or third decade. Closure of ASD is recommended 
to prevent complications of atrial arrhythmias and heart 
failure in late adulthood. 


lreotment 


Most fossa ovalis defects with good margins can be closed 
Percutaneously in the catheterization laboratory with 
Occlusive devices. Others require surgical closure. Closure 
1S recommended before school entry to prevent late 
complications. Small defects (<8 mm) can be observed. 
Pontaneous closure is well recognized in small defects 
tare diagnosed in infancy or early childhood. 
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Fig. 16.12: Echoccraiog;cm of ASD. Sumepnoecs snor ors vew 
of the cincl septum shows cefcent postenor-infencr Mm (| CTOw}. 
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Ventricular Septal Defect (VSD) 


This is the most common congenital cardiac lesion 
identified at birth accounting for one-quarter of all CHD. 
VSD is a communication between the two ventricles; 90% 
are located in the membranous part of the ventricular 
septum with variable extension into the muscular septum. 
Others are located in the muscular septum and can be 
multiple (Fig. 16.13). 


Hemodynamics 


VSD results in shunting of oxygenated blood from the left 
to the right ventricle. The left ventricle starts contracting 
before the right ventricle. The flow of blood from the left- 
to-right ventricle starts early in systole. When the defect 
is restrictive, a high pressure gradient is maintained 
between the two ventricles throughout the svstole. The 
murmur starts early, masking the first sound and 
continues throughout the systole with almost the same 
intensity appearing as a pansystolic murmur on 
auscultation and palpable as a thrill. Toward the end of 
systole, the declining left ventricular pressure becomes 
lower than the aortic pressure. This results in closure of 
the aortic valve and occurrence of A2. At this time, 
however, the left ventricular pressure is still higher than 
the right ventricular pressure and the left-to-right shunt 
continues. The pansystolic murmur, therefore, ends 
beyond A2 completely masking it (Fig. 16.14). 

The left-to-right ventricular shunt occurs during systole 
at a time when the right ventricle ts also contracting and 
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Fig. 16.13: Diagrammatic representation of the common 
locations of ventricular septal defects (VSD), Mernbranous septum 
Is the commonest location. Subpulmonic VSDs, located In the 
outlet septum, have a high risk of aortic valve prolapse, Muscular 
VSDs Can occur anywhere In the muscular part of septum 
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Fig. 16.14: Summary of auscultatory findings in ventricular septal 
defect. 2 LIS second left interspace; LLSB lower left sternal border; 


PSM pansystollc murmur; DDM delayed diastolic murmur; ESM 
ejection systollc murmur. 





its volume is decreasing. The left-to-right shunt, therefore, 
streams to the pulmonary artery more or less directly. This 
flow of blood across the normal pulmonary valve results 
in an ejection systolic murmur at the pulmonary valve. 
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On the bedside, however, the ejection systolic murmy, 
cannot be separated from the pansystolic murmur. 

The large volume of blood passing through the lung, 
is recognized in the chest X-ray as pulmonary plethora 
The increased volume of blood finally reaches the lef 
atrium and may result in left atrial enlargement. Passin 
through a normal mitral valve, the large volume of bloog 
resulls in a delayed diastolic murmur at the apex. The 
intensity and duration of the delayed diastolic murmur 
at the apex is directly related to the size of the shunt. The 
large flow across the normal mitral valve also results in 
accentuated first sound, not appreciable on the bedside 
as itis drowned by the pansystolic murmur. Since the left 
ventricle has two outlets, the aortic valve allowing forward 
flow and the VSD resulting in a backward leak, it empties 
relatively early. This results in an early A2. Since the 
ejection into the right ventricle and pulmonary artery is 
increased because of the left-to-right shunt the P2 is 
delayed. Therefore, the second sound is widely split but 
varies with respiration in patients with VSD and a large 


left-to-right shunt. There is also an increase in the intensity 
of the P2. 


Clinical Features 


Patients with VSD can become symptomatic around 6 to 
10 weeks of age with congestive cardiac failure. Premature 
babies with a VSD can become symptomatic even earlier. 
Palpitation, dyspnea on exertion and frequent chest 
infection are the main symptoms in older children. The 
precordium is hyperkinetic with a systolic thrill at the left 
sternal border. The heart size is moderately enlarged with 
a left ventricular type of apex. The first and the second 
sounds are masked by a pansystolic murmur at the left 
sternal border. The second sound can, however, be made 
out at the second left interspace or higher. It is widely 
splitand variable with accentuated P2. A third sound may 
be audible at the apex. A loud pansystolic murmur is 
present at the left sternal border. The maximum intensity 
of the murmur may be in the third, fourth or the fifth left 
interspace. It is well heard at the second left interspace 
but not conducted beyond the apex. A delayed diastolic 
murmur, starting with the third sound is audible at the 
apex (Fig. 16.16). 

The electrocardiogram in VSD is variable. Initially, al! 
patients with VSD have right ventricular hypertrophy: 
Because of the delay in the fall of pulmonary vascular 
resistance due to the presence of VSD, the regression of 
pulmonary arterial hypertension is delayed and right 
ventricular hypertrophy regresses more slowly. In small- 
or medium-sized VSD, the electrocardiogram becomes 
normal. In patients with VSD and a large left-to-right 
shunt, without pulmonary arterial hypertension, the 
electrocardiogram shows left ventricular hypertrophy bY 
the time they are 6-12 months old. There are, howeve! 
no ST and T changes suggestive of left ventricular stra!" 
pattern. Patients of VSD who have either pulmon¢ 
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Fig. 16.15: Chest X-ray in ventricular septal defect. Note the 
cardiac enlargement mainly involving the left ventricle together 
with Increased lung vasculature as suggested by the size and 
Increased number of end-on vessels in the lung fields 


stenosis or pulmonary arterial hypertension may show 
right as well as left ventricular hypertrophy or pure right 
ventricular hypertrophy. The mean QRS axis in the frontal 
plane generally lies between +30° and +90°. 

The cardiac silhouette on chest X-ray is left ventricular 
type with the heart size determined by the size of the left- 
to-right shunt (Fig. 16.15). The pulmonary vasculature is 
increased; aorta appears normal or smaller than normal 
in size. There may be left atrial enlargement in patients 
with large left-to-right shunts. Patients of VSD with a small 
shunt either because the ventricular defect is small or 
because of the associated pulmonic stenosis or pulmonary 
arterial hypertension have a normal-sized heart. Echo- 





cardiogram shows increased left atrial and ventricular size 
as well as exaggerated mitral valve motion. 2D echo can 
identify the number, site and size of defect almost all cases 
(Fig. 16.16), presence or absence of pulmonic stencsis or 
pulmonary hypertension and associated defects. 


Assessment of Severity 


If the VSD is small, the left-to-right shunt murmur 
continues to be pansystolic but since the shunt is srnall, 
the second sound is normally split and the intensity of P2 
is normal. There is also absence of the delayed diastolic 
mitral murmur. If the VSD is very small, it acts as a stenotic 
area resulting in an ejection systolic murmur. This is a 
relatively common cause of systolic murmurs in young 
infants that disappear because of the spontaneous closure. 
If the VSD is large, it results in transmission of left 
ventricular systolic pressure to the right ventricle. The 
right ventricular pressure increases and the difference in 
the systolic pressure between the two ventricles reduces. 
The systolic left-to-right shunt murmur becomes shorter 
and softer, and on the bedside is heard as an ejection 
systolic murmur. 

Patients of VSD may have either hyperkinetic or 
obstructive pulmonary arterial hypertension. The P2 is 
accentuated in both. In the former, there is large left-to- 
right shunt whereas the latter is associated with a small 
left-to-right shunt. In hyperkinetic pulmonary arterial 
hypertension, the cardiac impulse is hyperkinetic with a 
pansystolic murmur and thrill, wide and variably split 52 
with accentuated P2 and a mitral delayed diastolic 
murmur. Obstructive pulmonary arterial hypertension is 
associated with a forcible parasternal impulse, the thrill 
is absent or faint, the systolic murmur is ejection type, the 
$2 is spilt in inspiration (closely split) with accentuated 
P2 and there is no mitral murmur. Thus, on the basis of 
the assessment of physical findings, it is possible to 
separate very small, small, medium-sized and large VSD. 


Fig. 16.16: Echocardiogram (right frame) with anatomic correlates (left) in membranous ventricular septal defects. This view is a 
Parasternal short axis view. Arrow points to the VSD that is partly closed by aneurysm of septal leaflet of the tricuspid valve. Ao aortic 
Foot; LA left atrium: LVOT left ventricular outflow tract; RA right atrium, RV right ventricle; LAA left atrlal appendage; STL septal 


cuspid leaflet; PA pulmonary artery 
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It is also possible to decide whether there is associated 
pulmonic stenosis or pulmonary arterial hypertension of 
the hyperkinetic or obstructive variety. 


Echocardiography allows further refinement of clinical 
evaluation. Left atrial and left ventricular enlargement is 
consistent with a large shunt. The size of the defect can be 
measured; Doppler echo estimates the gradient between 
the left and right ventricles, helping in the assessment of 
right ventricular and pulmonary artery pressure. Flow 
direction across the defect is indicative of the pulmonary 
vascular resistance. A predominantly left to right flow is 
often indicative of operable status. 


Course and Complications 


Patients with VSD have a very variable course. A patient 
with a small VSD usually remian asymptomatic 
throughout life. They may develop congestive cardiac 
failure in infancy, which is potentially life-threatening. It 
is estimated that almost 70% of all ventricular defects 
become smaller in size. A smaller proportion will 
disappear entirely. In almost 90% of patients who have 
spontaneous closure of the defect, it occurs by the age of 
three years, though it may occur as late as 25 years or more. 
Muscular VSD have the highest likelihood of spontaneous 
closure. Perimembranous VSD close with the help of the 
septal leaflet of the tricuspid valve and subpulmonic VSDs 
often become smaller as the aortic valve prolapses through 
it. However, this is not a desirable consequence and is 
often an indication for surgical closure. 

Patients with an uncomplicated VSD may: (i) pulmonic 
stenosis due to hypertrophy of the right ventricular 
infundibulum, (ii) pulmonary arterial hypertension or 
rarely, (iii) aortic regurgitation due to prolapse of the right 
coronary or the non-coronary cusp of the aortic valve. 
Development of pulmonary arterial hypertension is a 
dreaded complication in obstructive type of pulmonary 
arterial hypertension, the patient becomes inoperable. 

VSD is the commonest congenital lesion complicated 
by infective endocarditis. The incidence of infective 
endocarditis has been estimated as 2/100 patients in a 
follow-up of 10 years, that is 1/500 patient years. The 
incidence of infective endocarditis is small enough that it 
is not an indication for operation in small defects. 
However, it is important to emphasize good oral—dental 
hygiene in all patients with VSD. 


Treatment 


Medical management consists of control of congestive 
cardiac failure, treatment of chest infections and 
prevention and treatment of anemia and infective 
endocarditis. The patients should be followed carefully 
to assess the development of pulmonic stenosis, 
pulmonary arterial hypertension or aortic regurgitation. 


Surgical treatment is indicated if: (i) congestive cardiac 
failure occurs in infancy; (ii) the left-to-right shunt is large 
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(pulmonary flow more than twice the systemic flow): ai 
(iii) if there 1s associated pulmonic stenosis, pulmong 
arterial hypertension or aortic regurgitation. Surgical 
treatment is not indicated in patients with a small Vsp 
(exception subpulmonic VSD with aortic valve Prolapse) 
and in those who have severe pulmonary arterja) 
hypertension and significant right-to-left shunt. 


Operative treatment consists of closure of VSD with the 
use of a patch. The operation is performed through the 
right atrium. The operation can be done as early as a few 
months after birth, if congestive failure cannot be 
controlled with medical management. With evidence of 
pulmonary hypertension, the operation should be performed 
as early as possible. Modern centers prefer to close VSD 
surgically in young infants. It is unwise to make the sick 
infants to wait for a certain weight threshold because most 
infants with large VSD do not gain weight satisfactorily, 
Episodes of respiratory infections require hospitalization 
and are particularly difficult to manage. For sick infants 
with pneumonia who require mechanical ventilation, 
surgery is considered after initial control of the infection. 
Major complications of surgery, including complete heart 
block or bifascicular block and residual VSD are rare. 

Catheter closure of VSD is best suited for muscular 
defects in relatively older children (>8-10 kg). Peri- 
membranous defects can also be closed in the 
catheterization laboratory. However, the risk of complete 
heart block with the membranous VSD closure is real and 
can occur late after implantation. 


Patent Ductus Arteriosus 


Patent ductus arteriosus (PDA) is a communication 
between the pulmonary artery and the aorta. The aortic 
attachment of the ductus arteriosus is just distal to the left 
subclavian artery. The ductus arteriosus closes functionally 


and anatomically soon after birth; its persistence is called 
PDA. 


Hemodynamics and Clinical Features 


PDA results in a left-to-right shunt from the aorta to the 
pulmonary artery. The flow occurs both during systole 
and diastole as a pressure gradient is present throughout 
the cardiac cycle between the two great arteries, if the 
pulmonary artery pressure is normal. The flow of blood 
results in a murmur that starts in systole, after the firs! 
sound, and reaches a peak at the second sound. The 
murmur then diminishes in intensity and is audible during 
only a part of the diastole. Thus, it is a continuous murmu!. 
PDA results in a systolic as well as diastolic overloading 
of the pulmonary artery. The increased flow after passing 
through the lungs reaches the left atrium. To accommodaté 
the flow, the left atrium enlarges in size. The increas¢ 
volume of blood reaching the left atrium enters the left 
ventricle in diastole, across a normal mitral valve. The 
passage of this increased flow across the mitral val¥¢ 
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results in an accentuated first sound as well as a mitral 
delayed diastolic murmur. The large volume of blood in 
the left ventricle causes g prolongation of the left 
ventricular systole and an increase in the size of the left 
ventricle to accommodate the extra volume. The 
prolonged left ventricular systole results in delayed 
closure of the aortic valve and a late A2. With large left- 
to-right shunts, the S2 may be paradoxically split. 

The large left ventricular volume ejected into the aorta 
results in dilatation of the ascending aorta. A dilated 
ascending aorta results in an aortic ejection click, and 
precedes the start of the continuous murmur. The large 
volume of blood from the left ventricle passing through a 
normal aortic valve results in an aortic ejection systolic 
murmur, however, on the bedside it is drowned by the 
loud continuous murmur and is usually not made out as 
a separate murmur. 


Patients with PDA may become symptomatic in early 
life and develop congestive cardiac failure around 6-10 
weeks of age. Older children give history of effort 
intolerance, palpitation and frequent chest infections. The 
flow from the aorta to the pulmonary artery is a leak from 
the systemic flow. This results in a wide pulse pressure 
and many of the signs of wide pulse pressure seen in aortic 
regurgitation are present in patients who have a PDA. On 
the bedside, presence of prominent carotid pulsations in 
a patient with features of a left-to-right shunt suggests 
the presence of PDA. The cardiac impulse is hyperkinetic 
with a left ventricular type of apex. A systolic or a 
continuous thrill may be palpable at the second left 
intercostal space. The first sound is accentuated and the 
second narrowly or paradoxically split with large left-to- 
right shunts. With small shunts, the second sound is 
normally split. The P2 is louder than normal. It is difficult 
to evaluate the S2 in patients with PDA, since the 
maximum intensity of the continuous murmur occurs at 
92. The continuous murmur indicates presence of both a 
systolic as well as a diastolic difference in pressure 
between the aorta and pulmonary artery, thus excluding 
Significant pulmonary arterial hypertension. The murmur 
Starts after the first sound and reaches the peak at the 
second sound. The murmur then diminishes in intensity 
and is audible only during a part of the diastole. The peak 
at the second sound differentiates the PDA murmur from 
other causes of a continuous murmur. Additionally, the 
systolic portion of the murmur is very grating and rough. 
It appears to be broken into multiple systolic sounds-the 
multiple clicks. The murmur is best heard at the second 
left interspace and is also well heard below the left clavicle 
Where it maintains its continuous character. There is a 
third sound at the apex, followed by a delayed diastolic 
Murmur in large shunts (Fig. 16.17). 

The electrocardiogram shows normal axis with left 
ventricular dominance or hypertrophy. Deep Q Waves 
In left chest leads with tall T waves are characteristic of 
volume overloading of left ventricle. The roentgenogram 
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Fig. 16.18: Chest X-ray In an adolescent with a large patent 
ductus arterlosus. Note the enlargement of the aorta with a 
prominent aortic knuckle, large maln pulmonary artery-left 
pulmonary artery and Increased vasculature, There Is no X-ray 
evidence of cardiac enlargement 


(Fig. 16.18) exhibits cardiac enlargement with a left 
ventricular silhouette; cardiac size depends on the size 
of the left-to-right shunt. There may be left atrial 
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Fig. 16.19: Echocardiography in patent ductus arterious (PDA). 
The frame on the left Is a cross-sectional two-dimensional view 
of the PDA and the frame on the right Is a color flow image. The 
red flow represents flow reversal In the descending thoracic 
aorta as a result of a left-to-right shunt across the PDA. Ao aorta; 
MPA malin pulmonary artery 


enlargement. The ascending aorta and the aortic knuckle 
are prominent; pulmonary vasculature is plethoric. 2D 
echocardiogram confirms the diagnosis and measures 
size of PDA and identify its hemodynamic consequences. 
It is possible to obtain a semiquantitative assessment of 


shunt size and assess pulmonary artery pressure 
(Fig, 16.19). 


Assessment of Severity 


The evaluation of the size of the left-to-right shunt 
depends on a number of features: (i) the larger the heart 
size the larger the left-to-right shunt; (ii) absence of the 
third sound and delayed apical diastolic murmur 
indicates a small left-to-right shunt. Presence of the third 
sound indicates a moderate left-to-right shunt whereas 
an audible delayed diastolic murmur suggests a large 
left-to-right shunt; (iii) the wider the pulse pressure the 
larger the shunt. 


Course and Complications 


Neonates and infants have pulmonary hypertension at 
birth. The regression of pulmonary hypertension occurs 
slowly in the presence of PDA. The PDA murmur, 
therefore, is an ejection systolic murmur to start with (like 
in VSD) and assumes the continuous character only some 
weeks or months later. Congestive cardiac failure may 
occur within the first six weeks of life; cardiac failure can 
be controlled medically in uncomplicated patients. 
Patients with PDA develop pulmonary arterial 
hypertension earlier than VSD. 

PDA may be associated with hyperkinetic or 
obstructive pulmonary arterial hypertension, as in VSD. 
In both situations, the murmur tends to lose the diastolic 
component and P2 is accentuated. The hyperkinetic 
pulmonary hypertension is associated with cardiomegaly 
and mitral delayed diastolic murmur, whereas the 
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obstructive variety is accompanied with a normal hea 
size and absence of the diastolic murmur. With seve, 
pulmonary arterial hypertension and a right-to-left shuni 
through a PDA, the normal splitting of 52 is maintaineg 
but the murmur disappears and patients show differentia) 
cyanosis. 


Differential Diagnosis 


The combination of a pansystolic murmur of a VSD with 
an early diastolic murmur of AR, which are superimposed 
on each other, may simulate a continuous murmur over 
the precordium. Differential diagnosis of a continuous 
murmur includes: (i) coronary arteriovenous fistula; 
(ii) ruptured sinus of Valsalva fistulae into the right side, 
(iii) aortopulmonary window, (iv) systemic arteriovenous 
fistula over the chest; (v) aortopulmonary collateral 
murmurs; (vi) pulmonary arteriovenous fistula; (vii) 
peripheral pulmonic stenosis; (viii) venous hum including 
that associated with total anomalous pulmonary venous 
connection; and (ix) small ASD associated with mitral 
stenosis (Lutembacher syndrome). 


Treatment 


A large PDA is better tolerated by term newborns when 
compared to premature newborns. Premature newborns 
with hemodynamically significant PDA that results in 
heart failure, respiratory distress or necrotizing 
enterocolitis require prompt management. Indomethacin 
or ibuprofen is likely to be effective before the age of 
2 weeks in preterm newborns and is unlikely to be useful 
in term babies. The dose of indomethacin is 0.2 mg/kg/ 
dose orally every 12-24 hours for three doses (second and 
third doses are 0.1 mg/kg/dose for <48-hr-old and 
0.25 mg/kg/dose for >7-day-old). Newborns not 
responding to these agents require surgical ligation. The 
PDA in term infants may close spontaneously as late as 
one month after birth and it is worth waiting, if the duct 
is large unless the heart failure is refractory. 

Large PDA may result in congestive cardiac failure in 
infancy. Echocardiography allows confirmation of the 
diagnosis and estimation of hemodynamic severity: 
Catheter-based treatment (occlusive devices or coils) is 
now realistic in most patients with PDA (Fig. 16,20). They 
are technically challenging in small infants especially those 
<5 kg and should be performed in centers with experience: 
Indications for surgery for PDA include small infants with 
large ducts, preterm infants, and ducts that are larger that 
size of available devices, 

Patients who have a PDA with pulmonary arterial 
hypertension are considered inoperable, if a right-to- 
left shunt has appeared. Since the right-to-left shunt 
through the PDA flows down the descending aor! 
cyanosis is present in toes but not in fingers. This ® 
called differential cyanosis and is characteristic of PD 
with pulmonary arterial hypertension and right-to-le 
shunt. 
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Aig. 16.20: Angiograms (aortogram) obtained before and after 
coil occlusion of a moderately large patent ductus arteriosus 
(PDA) showing complete occlusion 


CYANOTIC HEART DISEASE 


Tetralogy of Fallot 


Among cyanotic CHD, tetralogy of Fallot (TOF) has a 
relatively favorable natural history that allows survival 
beyond infancy in about 75% of cases. Asa result, itis the 
most common cyanotic CHD encountered beyond the age 
of 1 year, constituting almost 75% of all patients. The 
physiology is that of VSD with pulmonic stenosis, as 
described above. Anatomically, it is characterized by the 
classic tetrad of severe right ventricle outflow obstruction, 
large VSD, aorta that overrides the VSD and right 
ventricular hypertrophy. Multiple anatomical variations 
exist, which influence treatment (Table 16.15). 


Common variation 
Right ventricular outflow 


Branch pulmonary arteries 
(PA) 


Pulmonary valve 
branch PA 


Ventricular septal defect 
(VSD) 


muscular VSD 
Coronary arteries 
from right coronary artery 
Atrial communication 


Aortopulmonary collaterals 
\ 


Degree of stenosis at various levels: 
tract infundibulum, valve, pulmonary 
annulus, main pulmonary artery stenosis 


Stenosis of left pulmonary artery (LPA), 
absence of either branch PA, hypoplastic 


Absent pulmonary valve with aneurysmal 


VSD extended to Inlet or outlet septum; 
restrictive VSD with severe right 
ventricular hypertrophy; additional 


Origin of left anterior descending artery 
Atrial septal defects, patent foramen ovale 


Large major aorlopulmonary collaterals 


Hemoadynamecs 


Physiologically, the pulmonic stenosis causes concentric 
right ventricular hypertrophy without cardiac enlargement 
and an increase in right ventricular pressure (Fig. 16.21). 
When the right ventricular pressure is as high as the left 
ventricular or the aortic pressure, a right-to-left shunt 
appears to decompress the right ventricle, Once the right 
and left ventricular pressures have become identical, 
increasing severity of pulmonic stenosis reduces the flow 
of blood into the pulmonary artery and increases the right- 
to-left shunt. As the systolic pressures between the two 
ventricles are identical, there is little or no left-to-right 
shunt and the VSD is silent. The right-to-left shunt is also 
silent since it occurs at insignificant difference in pressure 
between the right ventricle and the aorta. The flow from 
the right ventricle into the pulmonary artery Occurs across 
the pulmonic stenosis producing an ejection systolic 
murmur. The more severe the pulmonic stenosis, the less 
the flow into the pulmonary artery and the bigyer the 
right-to-left shunt. Thus, the severity of cyanosis is directly 
proportional to the severity of pulmonic stenosis, but the 
intensity of the systolic murmur is inversely related to the 
severity of pulmonic stenosis. 

The VSD of TOF is always large enough to allow free 
exit to the right-to-left shunt. Since the right ventricle is 
effectively decompressed by VSD, congestive failure 
seldom occurs. Exceptions to this rule are (1) anemia; 
(ii) infective endocarditis; (iii) systemic hypertension; 
(iv) right ventricular dysfunction from long-standing 
severe hypoxia, and (v) aortic or tricuspid valve 
regurgitation, 


Table 16.15: Anatomic variations in tetralogy of Fallot 


Implications 


Severe Stenosis manifests early; annular narrowing 
requires Correction with transannular pateh with 
Significant late sequelae; predominant vatvar 
Stenosis may allow palliation with balloon 
valvotomy in selected cases 


Small branch PA may not allow Surgical correction 


at early age; absent branch PA require placement 
of PA conduit 


Severe ainvay compression; manifestations chiefly 
respiratory 


Surgical approach needs to be tailored 


Abnormal vessel comes in way of corrective surgery 


Patent foramen ovale often hetpftul in early post- 
operative period; enables recovery 


Collaterals need to be defined and closed, it their 
supply overlaps with the native pulmonary artery 
supply 
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Fig. 16.21: Diagrammatic portrayal: (a) Ventricular septal defect, (b) ventricular septal defect with moderate pulmonic stenosis, 
and (c) Fallot's tetralogy. (a) In the absence of pulmonic stenosis, the right ventricular (RV) and the pulmonary artery (PA) pressures 
are normal or slightly elevated. Since the left ventricular (LV) pressure |s higher, there Is a systolic flow of blood from the LV into the 
PA through the RV. (b) If a VSD Is associated with moderate pulmonic stenosis, the RV systolic pressure increases and there Is RV 
hypertrophy, The left-to-right shunt decreases and the VSD murmur becomes softer. The pulmonic stenosis Murmur, however, is 
loud. (C). In Fallot’s tetralogy, the RV and LV pressures are Identical, There Is no left-to-right shunt and as such the VSD is silent. The 
flow from RV to PA decreases, decreasing the intensity of pulmonic stenosis murmur. A right-to-left shunt occurs from RV to aorta 


(Ao) at Identical pressures. As such the right-to-left shunt Is sllent 


The right ventricular outflow obstruction results in a 
delay in the P2. Since the pulmonary artery pressure is 
reduced, the P2 is also reduced in intensity. The late and 
soft P2 is generally inaudible in TOF. The 82 is, therefore, 
single and the audible sound is A2. Since the aorta is 
somewhat anteriorly displaced, the audible single A2 is 
quite loud. The ascending aorta in TOF is large and may 
result in an aortic ejection click. On auscultation, the 
diastolic interval is completely clear in TOF as there is no 
third or fourth sound or a diastolic murmur. Concentric 
right ventricular hypertrophy reduces distensibility of the 
right ventricle during diastole. The right atrial contraction 
at the end of diastole causes relatively large ‘a’ waves. 
However, these waves not too tall unless right ventricular 
dysfunction is present. 


Clinical Features 


Patients with TOF may become symptomatic at any time 
after birth. Neonates as well as infants may develop anoxic 
spells (paroxysmal attacks of dyspnea). Cyanosis may be 
present from birth or make its appearance some years after 
birth. The commonest symptoms are dyspnea on exertion 
and exercise intolerance. The patients assume a sitting 
posture (squatting) as soon as they get dyspneic. Although 
squatting is not specific for TOF, it is the commonest 
congenital lesion in which squatting is noted. Anoxic spells 
occur predominantly after waking up or following 
exertion. The child starts crying, becomes dyspneic, bluer 
than before and may lose consciousness. Convulsions may 
occur. The frequency varies from once in a few days to 
numerous attacks every day. 


Physical examination discloses cyanosis, clubbing, 
slightly prominent 'a' waves in the jugular venous pulse, 
normal-sized heart with a mild parasternal impulse, normal 
first sound, single second sound and an ejection systolic 
murmur which ends before the audible single second sound 
(Fig. 16.22). The electrocardiogram in TOF shows right axis 
deviation with right ventricular hypertrophy. T waves are 
usually inverted in right precordial leads; P pulmonale may 
be present, but is uncommon. V1 may show pure R waves 
but transition to R/S complex occurs at V2. Chest X-ray 
shows a normal-sized heart with upturned apex suggestive 
of right ventricular hypertrophy. The absence of main 
pulmonary artery segment gives it the shape described as 


Tetralogy of Fallot 


Sounds | | 
$1: Normal RA LA 
S2: Single—only A2 heard Toa 
P2 soft and delayed: Inaudible oa Nie 
X:; Usually constant; inconstant 
if valvar PS RV A LV 
Murmurs PA | Ao 


Shunt murmur: Absent 
Flow murmurs: Pulmonary: Ejection systolic 


The smaller the flow the 
shorter the murmur 


Sis A2 ESM 
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Fig. 16.22: Summary Of Guscultatory findings In tetralogy of 
Fallot. X systollc click. PS pulmonic stenosis 
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Fig. 16.23: Chest X-ray In tetralogy of Fallot with right aortic 
arch. The key findings are reduced lung vasculature as 
suggested by the dark lung fields, normal heart size, concavity 
In the region of the main pulmonary artery (pulmonary bay). 
This X-ray also shows a right aortic arch. The arrow Indicates the 
indentation of the right arch on the tight side of the trachea 


Coeur en Sabot. The aorta is enlarged and right aortic arch is 
present in 30% cases. The right aortic arch in a postero- 
anterior roentgenogram is recognized by its concave 
impression on the right side of trachea. The pulmonary 
fields are oligemic (Fig. 16.23). 

The murmur shortens and the cyanosis increases with 
increasing severity of the right ventricular outflow tract 
obstruction. Paroxysmal attacks of dyspnea can be present 
with mild as well as severe TOF. However, effort 
intolerance is directly related to the severity. 


Diagnosis 


The diagnosis of TOF is confirmed by echocardiography; 
cardiac catheterization is seldom necessary. Additional 
Specific information required for surgical decision is also 
obtained through echocardiography. Cardiac catheteriza- 
tion or CT/MRI may be required in older children with 
limited echo windows and in selected specific 
circumstances (associated aortopulmonary collaterals, 
uncertainties in coronary artery anatomy). 


Course and Complications 


The pulmonic stenosis becomes progressively severe with 
age, and dyspnea and increasing exercise intolerance limit 
Patient activities. Each attack of anoxic spell is potentially 
fatal, Anemia, by decreasing the oxygen-carrying capacity 
f blood, reduces the exercise tolerance still further. It can 
result in cardiac enlargement and congestive cardiac 
ailure. Patients are prone to infective endocar ditis, 


Neurological complications occur frequently. Anoxic 
infarction in the central nervous system may occur 
during an anoxic spell and result in hemiplegia. Anemia 
increases the propensity towards strokes by reducing red 
blood cell deformability. Paradoxical embolism to central 
nervous system and venous thrombosis due to sluggish 
circulation from polycythemia can also result in 
hemiplegia. Brain abscess is not an infrequent 
complication, and should be suspected, if patients show 
irritability, headache, convulsions, vomiting with or 
without fever and neurological deficit. The fundus needs 
expert evaluation since polycythemia results in 
congested retina and recognition of papilledema is 
difficult. 


Treatment 


The medical management of TOF is limited to prevention 
and management of complications and correction of 
anemia. Oral beta-blockers help prevent cyanotic spells. 
Maximally tolerated doses of propranolol ranging from 
0.5-1.5 mg/kg/dose should be administered. Iron 
supplementation is recommended for all infants and 
young children with TOF. The management of anoxic 
spells is indicated in Table 16.13. 


Definitive surgery for TOF involves closure of VSD and 
relief of the right ventricular outflow tract obstruction. 
The relief of the obstruction might involve placement of a 
transannular patch across the pulmonary valve resulting 
in severe pulmonary regurgitation. There is growing 
emphasis on retaining the pulmonary valve during initial 
repair to prevent pulmonary regurgitation and its major 
late consequences (RV dilation, arrhythmia, heart failure 
and sudden death). However, this is not possible, if the 
pulmonary annulus is small. 


Although definitive operation is feasible in young 
infants, some centers opt for palliative options initially. 
This is typically done through the Blalock-Taussig shunt, 
which consists of subclavian artery-pulmonary artery 
anastomosis using a Goretex graft. Alternatives include 
balloon dilation of the pulmonary valve or stenting of 
the patent arterial duct (if present). A number of long- 
term concerns have emerged in survivors of TOF repair 
2-3 decades after the operation. These include heart 
failure and risk of ventricular tachyarrhythmias as a 
result of right ventricular dilation that results from 
chronic pulmonary regurgitation, as well as the scar on 
the right ventricle, if ventriculotomy has been done 
during operation. 


Tricuspid Atresla 


Congenital absence of the tricuspid valve is called 
tricuspid atresia (Fig. 16.24). The right ventricle is 
hypoplastic. The inflow portion is absent. The hemo- 
dynamics is described above; see single ventricle 


physiology. 
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Fig. 16.24: Tricuspid atresia: (a) Normally related great arteries. Systemic venous blood reaching the RA through the superior (SVC} 
and inferior vena cava (IVC) reaches the LA through an atrial defect (or patent foramen ovale). There is complete mixing of the 
systemic and pulmonary venous blood in the LA. The LV is large. Aorta (Ao) arises from the LV. A muscular ventricular septal defect 
ls the only route through which blood can reach the hypoplastic right ventricle (RV Inf.). The pulmonary frunk (PT) arises from the right 
ventricle. (b) Transposed great arteries with tricuspid atresia. The PT is arising from the LV whereas the Ao is arising from RV. LA left 
artium; RA right artium; RPA and LPA tight and left pulmonary artery; RV Inf, right ventricular infundibulum; RV and LV right and left 
ventricle; SVC and IVC superior and inferior vena cava; RPV and LPV right and left pulmonary veins 


Clinical Features 


Clinical presentation depends on the state of pulmonary 
flow that may be diminished or increased. Patients who 
have diminished pulmonary blood flow constitute 90% 
and symptoms and physical signs are more or less 
identical to TOF. Features suggesting tricuspid atresia are 
(i) left ventricular type of apical impulse; (ii) large a waves 
in jugular venous pulse; (iii) enlarged liver with presystolic 
pulsations (a waves); and (iv) electrocardiogram 
characterized by left axis deviation and left ventricular 
hypertrophy. The mean ORS axis is around -45°. Patients 
with tricuspid atresia and increased pulmonary blood 
flow cannot be diagnosed accurately clinically. 


Course 


Patients with tricuspid atresia follow a course similar to 
TOF. They are cyanosed at birth. Anoxic spells and 
squatting may be present; patients are relatively sicker 
than TOF. 


Treaiment 


Tricuspid atresia is categorized as single ventricle 
physiology and management is on similar lines. 


Ebstein Anomaly 


An unusual and rare cyanotic congenital heart disease 
with diminished pulmonary blood flow results from an 
abnormality of the tricuspid valve. The posterior as well 
as the septal leaflet of the tricuspid valve is displaced 


downwards to a variable extent. The result is an attach- 
ment to the posterior wall of the right ventricle. In 
addition, the leaflets are malformed and fused resulting 
in obstruction to flow of blood into the right ventricle. 
The portion of the right ventricle above the leaflet 
attachment thins out and is called atrialized right ventricle. 
The right ventricular contraction is also abnormal. 


Hemodynamics 


The tricuspid valve anomaly results in obstruction to 
forward flow of blood as well as regurgitation of blood 
from the right ventricle into the right atrium. In addition, 
there is a large part of the right ventricle that is atrialized 
as a result of downward displacement of the tricuspid 
valve attachment. This atrialized right ventricle contracts 
with the rest of the ventricle and does not allow effective 
forward flow into the pulmonary circulation. The right 
atrium progressively dilates, to accommodate the extra 
volume. The foramen ovale may be patent or there is an 
ASD allowing a right-to-left shunt to occur, resulting i7 
cyanosis. The greater the tricuspid valve displacement 
the more the cyanosis. 


Clinical Features and Diagnosis 


Patients present with history of cyanosis, effort intolerane 
and fatigue. They may also give history suggestive ° 
paroxysmal attacks of tachycardia. Cyanosis varies from 
slight to severe; clubbing is often present. The jugular 
venous pulse may show a dominant V wave but there is 
usually no venous engorgement because of a capaciov? 
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right atrium. The precordium is quiet with a left ventricular 
apical impulse. A systolic thrill may be palpable at the 
left sternal border. The first sound is split, however, the 
tricuspid component often cannot be made out, resulting 
in a single, normally audible first sound. The abnormal 
tricuspid valve may produce a mid-systolic click. The 
second sound is widely split, but variable with a soft 
pulmonic component. A right ventricular third sound 
and/or a right atrial fourth sound may be audible. Thus, 
triple or quadruple sounds are usually heard. The systolic 
murmur may be a mid-systolic ejection murmur ora loud 
pansystolic murmur. There is also a short tricuspid 
delayed diastolic murmur. The combination of sounds 
clicks and murmurs result in a characteristic auscultatory 
cadence. 

The electrocardiogram shows prominent P waves and 
right bundle branch block. The R wave in V1 does not 
exceed 7 mm; lead V6 shows relatively tall R and broad $ 
wave. Wolff-Parkinson-White type of conduction 
abnormality may be seen (Fig. 16.25). X-ray shows cardiac 
enlargement due to right atrial and right ventricular 
enlargement; main pulmonary artery segment is 
prominent and the aortic knuckle is small (Fig. 16.26); 
pulmonary vasculature is diminished. 2-D echo is 
diagnostic as it outlines the displaced tricuspid valve 
(Fig. 16.27). 


lreatment 


Surgical treatment consists in obliterating the atrialized 
portion of the right ventricle and repairing the tricuspid 
valve. The ‘cone repair of tricuspid’ valve, which involves 
mobilization of the displaced tricuspid annulus and 
repositioning the valve at the level of the normal annulus, 
is increasingly used. 


Transposition of Great Vessels 


Transposition of great vessels (TGA) is defined as aorta 
arising from the right ventricle and pulmonary artery from 
the left ventricle. In TGA, the aorta generally lies anterior 
and to the right of the pulmonary artery. For this reason, 
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A. 16.25: Electrocardiogram typical of Epstein anomaly. Right 
Ndle branch block with 'R' of less than 7 mm Is present 
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Fig. 16.26: Chest X-ray in Epstein anomaly. There is considerable 
enlargement of the right atrium, The lung vascularity is reduced 





Fig. 16.27: Apical four-chamber view from a patient with Ebstein 
anomaly, Note the downward displacement of the septal leaflet 
of the tricuspid valve. aRV atrialized right ventricle; LA left atrium: 
LV left ventricle; RA right atrium; RV right ventricle 


this is also referred to as D-TGA. Since the systemic and 
pulmonary circulations are separate, survival depends on 
the presence of atrial, ventricular or aortopulmonary 
communications. TGA is classified into (i) with intact 
ventricular septum, and (ii) with VSD. The latter group is 
further subdivided into cases with and without pulmonic 
stenosis. Patients with complete TGA, VSD and pulmonic 
stenosis are included in tetralogy physiology. 

In patients with TGA, the oxygenated pulmonary 
venous blood recirculates in the lungs whereas the 
systemic venous blood recirculates in the systemic 
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Fig. 16.28: The route of biood flow in comolete TGA resutts In 
NvO seporote circulations and suntval depends on mixing. The 
mixing can occur at the athol ventricular or great vessel level. 
Bronchial cotfaterats (8. Call.) also increase pulmonary blood 
fiow: In corected TGA the route of blood flow is normal. 
Hemodynamics depend on associated anomalies 


Corrected 


circulation, The pulmonary artery saturation is thus 
always higher than the aortic saturation. Survival depends 
on the mixing between the two circulations. In patients 
with intact ventricular septum, the best mixing site is the 
atrial communication, yenerally through the patent 
foramen ovale (Fig. 16.28), Neonates become symptomatic 
due to severe hypoxemia and systemic acidosis soon after 
birth. 

The presence of a VSD of adequate size results in good 
mixing. As the fetal pulmonary vasculature regresses, the 
pulmonary blood flow increases and results in congestive 
failure around 4-10 weeks of age. The failing lett ventricle 
and the large pulmonary blood flow increase the left atrial 
pressure leading to pulmonary venous hypertension, The 
mixing with a large VSD can be so good that at times 
cyanosis can be missed. The presence of a large VSD 
equalizes pressures in the two ventricles as well as the 
great arteries. The pulmonary artery also carries a large 
flow. Patients with TGA and a large VSD develop 
pulmonary vascular obstructive disease (Eisenmenger 
physiology) early in life. 


Clinical Features 


Patients of complete TGA with intact ventricular septum 
are cyanosed at birth, Since the interatrial communication 
results in poor mixing, the neonates present with rapid 
breathing and congestive failure within the first week of 
life. Examination shows severe cyanosis, congestive 
failure, normal first sound, single second sound and an 
insignificant grade I-II ejection systolic murmur. The 
electrocardiogram shows right axis deviation and right 
ventricular hypertrophy, Thoracic roentgenogram shows 
cardiomegaly with a narrow base and plethoric lung fields. 
The cardiac silhouette can have an ‘egy on side’ appearance 
and the right upper lung fields appear mare plethoric than 
other areas. The thymic shadow is often absent (Fig. 16.29), 





Fig. 16.29: Eag on side cppecrnance in transnostion. Ths 
characteristic appearance is seen ony in about onesmird cosss 
and results from a narrow pedicle of the heart becouse 
malpasition of great vessels 


Patients af TGA with VSD have increased pulmonary 
bload flow; mining at the ventricular level determines the 
severity of cyanosis, They develop congestive failure 
around 4-10 weeks of age. Physical findings consist of 
cyanosis, camdiomegaly, congestive failure, normal tirst 
sound, single or normally split second sound and grade 
II-IV ejection systolic murmur. Apical third sound gallop 
or a mid-diastolic rumble may be present. Electro- 
cardiogram shows right axis deviation with biventricular, 
right ventricular or lett ventricular hypertrophy. Chest \- 
ray shows cardiomegaly, plethoric lung fields and features 
of pulmonary venous hypertension. 


Treaiment 


Prostagladin El can help reduce cyanosis by keeping the 
PDA open. Interim palliation is accomplished through 
balloon atrial septostomy (Fig. 16.30). This procedure can 
be done ina catheterization laboratory or in the ICU undet 
echocardiographic guidance. Septostomy is successtul 
only up to the age of 6-12 weeks and gives temporary 
relief by providing better mixing and reducing left atrial 
pressure. 

The arterial switch operation is the treatment of cheice 
for TGA. In this operation, the pulmonary arterv and aors 
are transected. The distal aorta is anastomosed to the 
proximal pulmonary stump (neo-aortic root) and the 
pulmonary artery to the proximal aortic stump (ne 
pulmonary artery). The coronary arteries are moved alongs 
to the neo-aortic root along with a cuff of aortic tissue © 
allow suturing without compromise of coronary bloos 
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the pulmonary artery and right ventricle to the aorta. The 
aorta lies anterior and to the left of the pulmonary artery 
(hence the term L-TGA). The ascending aorta forms the 
left upper border of the cardiac silhouette. Since the route 
of blood flow is normal, it is the associated anomalies 
(present in more than 98% cases) that determine the clinical 
features. Common anomalies include (i) VSD with or 
without pulmonic stenosis; (ii) left-sided Ebstein anomaly 
of the tricuspid valve (simulates mitral regurgitation); and 
(iii) atrioventricular conduction abnormalities, including 
atrioventricular block, each in approximately 65%. The 
most useful clue for the diagnosis of corrected TGA is 
related to inversion of the ventricles. The precordial leads 
V4R, V1, and V2 show a Q wave that is absent in the left 
precordial leads. Chest X-ray shows a smooth left upper 
border corresponding to the ascending aorta. The 
diagnosis depends on echocardiographic identification of 
ventricular inversion as well as the additional anomalies. 
Management depends on the type of associated anomalies. 





Fig. 16.30: Balloon atrial septostomy; this cartoon shows how a 
balloon atrial septostomy works. The figure on the left shows the 
physiology of transposition. The parallel circulation with poor 
interclrculatory mixing results in very low saturation in the aorta. 
Balloon atrial septostomy (right) creates an opening in the atrial 
septum and allows better intercirculatory mixing with improved 
saturation that is often life saving 


Total Anomalous Pulmonary Venous Connection (TAPVC) 


Here, all the pulmonary veins instead of joining the left 
atrium are connected anomalously to result in the total 
pulmonary venous blood reaching the right atrium. The 
anatomical classification of TAPVC is into supracardiac, 
cardiac, infracardiac and mixed varieties. In supracardiac 


flow. Infants with TGA and intact septum should ideally 
undergo this procedure within the first 24 weeks of life. 
As pulmonary vascular resistance falls after birth, the left 


ventricle regresses rapidly. In 1-2 months, the left ventricle 
has the ability to adjust to the elevated systemic vascular 
resistance after the arterial switch through hyperplasia of 
the available muscle. After this, it is difficult for the left 
ventricle to adapt to an arterial switch. Later in infancy, 
the atrial switch operation (Senning operation) is the only 
option for TGA with intact ventricular septum. This is not 
an ideal long-term option because the right ventricle 
temains as the systemic ventricle for life. Over time, right 
ventricle dysfunction, severe tricuspid regurgitation and 
atrial rhythm disturbances may occur. 

In presence of a sizable PDA or VSD, there is no fear of 
early regression of left ventricle because the pulmonary 
artery pressures are high. Nevertheless, the window of 
time for operation of TGA-VSD and TGA-PDA is also 
limited. This is because there is accelerated development 
of pulmonary vascular obstructive disease in these 
patients. Surgical correction involves the arterial switch 
operation with closure of VSD or PDA within 3 months of 
age. Beyond this age, there is increasing risk of irreversible 
changes in the pulmonary vasculature. Many centers are 
able to perform arterial switch operations with operative 
Mortality of <5%. Twenty-year survival is >90%. Concerns 
after surgery include aortic root dilation and aortic 
'egurgitation, right ventricular outflow tract obstruction 
and coronary artery occlusion. 


Corrected TGA 


In corrected TGA, the right atrium is connected to the left 
Yentricle and vice-versa. The left ventricle gives rise to 


TAPVC, the pulmonary veins join together to form a 
common pulmonary vein that may drain into the left 
innominate vein or the right superior vena cava. In the 
cardiac TAPVC, the veins join the coronary sinus or enter 
the right atrium directly. In the infracardiac variety, the 
common pulmonary vein drains into the portal vein. 


Hemodynamics 


TAPVC results in the pulmonary venous blood reaching 
the right atrium, which also receives the systemic venous 
blood. This results in almost complete mixing of the two 
venous returns. The blood flow to the left atrium is the 
right-to-left shunt through a patient foramen ovale or atrial 
septal defect. The oxygen saturation of the blood in the 
pulmonary artery is often identical to that in the aorta 
because of mixing of the blood in the right atrium. 
Physiologically, TAPVC can be divided into (i) patients 
with pulmonary venous obstruction, and (ii) patients 
without pulmonary venous obstruction. Pulmonary 
venous obstruction results in pulmonary arterial 
hypertension as well as restriction to pulmonary blood 
flow. In the absence of pulmonary venous obstruction, 
pulmonary blood flow is large and results in early onset 
cardiac failure. TAPVC of the infracardiac type is always 
obstructive whereas cardiac and supracardiac types may 
or may not have pulmonary venous obstruction. 


Clinical Feotures and Diagnosis 


Non-obstructive TAPVC is commoner than the obstructive 
type. Patients present with cyanosis and congestive failure 
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as the fetal pulmonary vasculature regresses. The onset 
of congestive failure is around 4-10 weeks of age. 
Occasionally, with large pulmonary blood flow, the 
cyanosis is minimal or clinically not recognizable. The 
patients are irritable and have failure, to thrive. Besides 
features of congestive failure the patients have 
cardiomegaly, hyperkinetic precordium, normal or 
accentuated first sound, widely split and fixed second 
sound with accentuated pulmonic component, a grade two 
to four pulmonary ejection systolic murmur and a 
tricuspid flow murmur. The physical findings are identical 
to ASD. A continuous venous hum may be audible at the 
upper left or right sternal border or in the suprasternal 
notch. 

Patients with obstructive type of TAPVC present with 
marked cyanosis and congestive failure typically within 
the first 1-2 weeks of life. Physical findings consist of a 
normal-sized heart with parasternal heave, normal first 
sound, accentuated pulmonic component of S2 and 
insignificant murmurs. Tricuspid regurgitation can occur 
and results in cardiomegaly. These infants are severely 
compromised and need admission in an intensive care unit 
and emergency corrective surgery. 

The electrocardiogram in TAPVC with or without 
pulmonary venous obstruction shows right axis deviation 
and right ventricular hypertrophy. Chest roentgenogram 
shows cardiomegaly with plethoric lung fields in non- 
obstructive TAPVC. The characteristic pattern of the 
“snowman” or figure of ‘8’ configuration in the 
supracardiac TAPVC draining to left innominate vein is 
seen only after the age of 2 years (Fig. 16.31). The 
characteristic X-ray of the obstructive TAPVC consists of 
a normal-sized heart with severe pulmonary venous 
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Fig. 16.31: Chest X-ray in unobstructed supracardiac total 
anomalous pulmonary venous connection to the Innominate 
vein via the left vertical veln In an 8-year-old child, This |s the 
characteristic figure of '8’ sign or the snowman's sign 





Fig. 16.32: Chest X-ray from a newborn with obstructed 
infracardiac total anomalous pulmonary venous Connection, 
Note the characteristic ground glass appearance 


hypertension resulting in "ground glass" appearance of 
the lungs very much like that of hyaline membrane disease 
(Fig. 16.32). Echocardiogram allows confirmation of the 
diagnosis, definition of the individual pulmonary veins 
and assessment of the site of obstruction. In addition, the 
pulmonary artery pressure can be quantified. In most 
situations, echo alone is adequate for surgical planning. 

The diagnosis of the obstructive TAPVC is made ina 
neonate with cyanosis and normal-sized heart with 
ground glass lung fields. The diagnosis of non-obstructive 
TAPVC is suspected, if the auscultatory features of ASD 


are associated with either cyanosis or congestive railure 
in the first 2~3 months of life. 


Management 


Surgery is indicated as early as possible since 80% of 
infants die within the first 3 months of life, if not operated. 
Obstructed TAPVC needs surgery at short notice. The 
results of surgery for TAPVC are good in most centers 
but newborns and infants with obstructed TAPV© 
sometimes need a long time to recover after surgery. These 


patients may develop pulmonary hypertensive crisis in 
the postoperative period. 


Additional Conditions with Cyanosls 
and High Pulmonary Flow 


Apart from transposition of great vessels and total 
anomalous pulmonary venous connection, single ventricle 
without obstruction to pulmonary blood flow, persistem 
truncus arteriosus, tricuspid atresia with absence ° 
obstruction to pulmonary blood flow and double outlet 
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right ventricle without pulmonic stenosis present with 
cyanosis and increased pulmonary blood flow. Patients 
present with congestive failure in the neonatal period and 
are characterized by cyanosis, cardiomegaly and failure 
to thrive. Almost 80% die within 3 months of life due to 
congestive cardiac failure or pulmonary infection. Those 
who survive develop pulmonary arterial hypertension. 
Echocardiography is necessary to arrive at the specific 
diagnosis. Since the mortality of unoperated patients is 
high and patients develop Eisenmenger syndrome early 
in life, itis necessary that patients presenting with cyanosis 
and increased pulmonary blood flow be referred to 
specialized centers as early as possible. 


Cyanotic Heart Disease with 
Pulmonary Arterial Hypertension 


Patients with Eisenmenger syndrome have severe 
pulmonary arterial hypertension resulting in right-to-left 
shunt at the atrial, ventricular or pulmonary arterial level. 
Fisenmenger complex consists of pulmonary arterial 
hypertension with a VSD providing the right-to-left shunt. 


Hemodynamics 


The pulmonary arterial hypertension is due to pulmonary 
vascular obstructive disease. If a communication is present 
at the pulmonary arterial level or the ventricular level, 
the right ventricular pressure cannot go beyond the 
systemic pressure. The right-to-left shunt decompresses 
the right ventricle. The right ventricle has only concentric 
hypertrophy without significant increase in the size. In 
patients who have a PDA or VSD, there is only a mild 
parasternal impulse without significant heave. In patients 
who do not havea VSD or PDA, the right ventricle besides 
hypertrophy also dilates. The right-to-left shunt at the 
atrial level is an indication of right ventricular failure to 
accommodate this volume and push into the pulmonary 
artery. Patients of Eisenmenger syndrome with 
communication at the atrial level only exhibit a parasternal 
heave and cardiac enlargement. 

A right-to-left shunt at the atrial level or the ventricular 
level reaches the ascending aorta and is thus distributed 
to the whole systemic circulation. This results in equal 
cyanosis of fingers and toes. A right-to-left shunt through 
a PDA is directed downwards into the descending aorta, 
Which results in differential cyanosis affecting lower limbs, 
with pink upper limbs. 


Clinical Features 


Patients present with history of cyanosis, fatigue, effort 
tolerance and dyspnea. There may also be history of 
repeated chest infections in childhood. On physical 
examination, they have cyanosis and clubbing. Differential 
cyanosis separates patients who have a PDA from those 
Who have a VSD or atrial septal defect. The features 
Indicative of pulmonary arterial hypertension consist of 
Parasternal impulse and palpable second sound. The 
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Fig. 16.33: Summary of auscultatory findings in Elsenmenger 
syndrome 


pulmonary component of the second sound is accentuated 
and louder than the aortic component. The splitting of 
the second sound remains wide and fixed in atrial septal 
defect. Due to superimposition of A2 and P2, the second 
sound is single in patients who have a VSD. Patients who 
have a PDA continue to have a normally split second 
sound. A constant pulmonary ejection click, unlike in 
patients of valvar pulmonic stenosis, is well heard both 
during inspiration and expiration at the second left 
interspace. A functional pulmonary regurgitation murmur 
can be present along the left sternal border. Patients with 
atrial septal defect, in whom Eisenmenger physiology is 
uncommon, can develop tricuspid regurgitation (Fig. 16.33). 

Electrocardiogram reveals right axis deviation and right 
ventricular hypertrophy, P pulmonale may be present. The 
chest radiograph is characteristic, showing prominent 
pulmonary artery segment, large right and left main 
pulmonary arteries and their branches, and oligemic 
peripheral lung fields (Fig. 16.34). 


Treatment 


Ideally, pulmonary vascular obstructive disease should 
be prevented. This means early diagnosis and correction 
of all CHD associated with increased pulmonary blood 
flow. Patients with cyanosis and increased pulmonary | 
blood flow develop Eisenmenger physiology very early 
and need to be operated by 2-3 months of age. Medications 
are available for the management of pulmonary hyper- 
tension. 


OBSTRUCTIVE LESIONS | 


Aortic Stenosis 


Pathologically, the site of obstruction may be at valve level, 
above the valve (supravalvar) or below the valve 
(subvalvar). At the valve level, aortic stenosis (AS) results 
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Fig. 16.34: Chest X-ray in Elsenmenger syndrome following 
ventricular septal defect. The proximal right pulmonary artery Is 
enlarged, There Is a relative paucity of vasculature in the 
periphery with a sudden tapering of caliber of the tight 
pulmonary artery (pruning) 


from either unicuspid or a bicuspid aortic valve. Rarely the 
aortic valve annulus may itself be small. Supravalvar aortic 
stenosis results from obstruction in root of aorta, above the 
aortic valve, as in Williams syndrome. Subvalvar aortic 
stenosis may be discrete (membranous), fibromuscular or 
muscular (hypertrophic obstructive cardiomyopathy). 


Hemoaynamics 


Valvar obstruction is overcome by raising the systolic 
pressure of the left ventricle. This is brought about by 
concentric hypertrophy of the left ventricle. Because of a 
powerful, muscular left ventricle, the emptying of the left 
ventricle is complete but the duration of the systole is 
prolonged. The prolongation of left ventricular ejection 
time causes delayed closure of the aortic valve resulting 
in delayed A2. Flow across the obstruction results in the 
aortic ejection systolic murmur that is typically diamond 
shaped, starting after the first sound and ending before 
the aortic component of the second sound with a mid- 
systolic peak. The systolic murmur is always palpable as 
a thrill at the second right interspace, suprasternal notch 
and the carotid vessels. The powerful left ventricle can 
maintain a normal forward cardiac output. The prolonged 
ejection results in a characteristic pulse that is best 
described as slowly rising to a peak that is sustained and 
then has a slow down slope. The peak is low so that the 
pulse is of low amplitude and prolonged duration. 
Concentric hypertrophy of the left ventricle results in 
decreased distensibility of the left ventricle in diastole- 
reduced compliance. In severe AS with marked left 
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ventricular hypertrophy, the left ventricular diasto}j, 
pressure also rises. With increase in left ventricula, 
diastolic pressure, the left atrial pressure must increase ¢, 
be able to fill the Jeft ventricle during diastole. Hence, wig 
severe AS accompanied gts alow left ventricula, 
hvpertrophy, a forceful left atrial contraction results jn 
salvable ns well as audible fourth sound (S4). When i 
left ventricle starts failing in AS, besides hypertrophy 
dilatation also appears and causes increase in heart size 
and an audible third sound (S3). In valvar AS, there jg 
post-stenotic dilatation of ascending aorta, seen on 
posteroanterior chest radiograph. In supravalvar and 
subvalvar AS, this is absent. In valvar stenosis, the first 
sound is followed by an aortic ejection click that precedes 
the starts of the murmur; the click is heard at the apex, 
and along left sternal border. 


Clinical Features 


Patients with mild to moderate AS are asymptomatic. With 
severe stenosis, the initial symptom is generally dyspnea 
on exertion, The patients may also give history of angina 
on effort and syncope. Presence of any one of these three 
symptoms suggests severe AS. The blood pressure is 
normal with mild disease; the width of pulse pressure 
relates inversely with severity of AS resulting in low 
amplitude prolonged duration pulse. Cardiac size remains 
normal unless left ventricular failure is present. The apical 
impulse is forcible or heaving. In severe AS, the fourth 
sound may be palpable. If left ventricular failure is present, 
the S3 may be palpable. A systolic thrill is palpable at the 
second right interspace, suprasternal notch and the carotid 
arteries. S1 is normal and followed by an ejection click in 
valvar aortic stenosis. The aortic component of the second 
sound (A2) is delayed but not diminished in intensity in 
AS. The delay results in closely split, single or paradoxically 
split second sound according to the severity of obstruction. 
With severe AS, S4 is audible, while in patients with left 
ventricular failure, S3 is palpable and audible. The ejection 
systolic murmur starting after the ejection click reaches 4 
peak in mid-systole (Fig. 16.35). With increasing, severity; 
the peak gets delayed so that the maximum intensilv of the 
murmur is closer to the end rather than being midsystolic. 
With immobile valves, due to fibrosis or calcification, the 


systolic click as well as A2 diminish in intensity and may 
become inaudible (Fig. 16.36). 


Subvalvar AS is distinguished by absence of ejection 
click and post-stenotic dilatation of the ascending aorta 
on X-ray. An aortic regurgitation murmur may be audible. 
The maximum intensity of the systolic murmur and thrill 
is in the 3rd or 4th left interspace. Supravalvar AS 
(Williams syndrome) is associated with elfin facies, mental 
retardation, dental abnormalities, strabismus 4" 
peripheral pulmonic stenosis. Since the obstruction © 
above the aortic valve, the pressure in the segment of aort 
before the obstruction is elevated and results in loud Ae 
The jet through the supravalvar narrowing may 
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Fig. 16.35: Summary of auscultatory findings in aortic stenosis. 
$4 fourth sound; X aortic click 


directed toward the innominate artery resulting in higher 
systolic pressure in the right arm compared to left. 

The electrocardiogram reveals left ventricular 
hypertrophy. Presence of ST and T wave changes suggest 
severe disease (Fig. 16.37). However, a normal electro- 
cardiogram does not exclude severe AS. Chest X-ray 
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Fig. 16.36: Aortic stenosis: Diagrammatic portrayal of the 
hemodynamic basis for aortic stenosis murmur. The first sound 
(S1) occurs as the left ventricular (LV) pressure increases above 
left atrial (LA) pressure. This Is followed by the ejection click (X) 
occuring after the aortic valve opens. The shape of the gradient 
between LV and aorta (Ao) corresponds to the shape of the 
aortic ejection systolic murmur (ESM). The murmur ends before 
the aortic components of the second sound (A2) 
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Fig, 16.37: Electrocardiogram from a patient with severe aortic stenosis showing prominent left ventricular vottages together with 
” Segment depression and T wave inversion In lateral leads (strain pattem) 









shows a normal-sized heart with dilated ascending aorta 
in valvar AS. In supravalvar and subvalvar stenoses, the 
thoracic roentgenogram may be normal. Presence of 
cardiac enlargement indicates severe AS. Echocardiogram 
can identify the site of stenosis, and assess the gradient 
across the obstruction accurately. 


Assessment of Severity 


The severity of AS is determined, based on the following 
i. Symptomatic patients have severe AS; lack of 
symptoms does not exclude severe disease. 

ii. Narrower the pulse pressure, the more severe the AS. 

iii. Systolic thrill at second right interspace suggests at 
least moderately severe AS. 

iv. The later the peak of the ejection systolic murmur, the 
more severe the narrowing. 

v. Delay in A2 correlates well with severity. With mild 
AS, the $2 is normally split; with moderate AS, it is 
closely split; with severe or critical AS, it is single or 
paradoxically split. 

vi, Presence of S4 is indirect evidence for severe AS. 
vii. Presence of S3 indicates severe AS and congestive 
cardiac failure. 
vili.ST and T changes in the electrocardiogram suggest 
severe stenosis. 

ix. Cardiac enlargement on chest radiograph indicates 
severe AS with left ventricular failure. 

x. Doppler can quantitate the gradient across the aortic 
valve accurately. Two-dimensional echo reveals 
concentric left ventricular hypertrophy; ventricular 
dysfunction is associated with heart failure. 


cate —-* 


lreatment 


Patients with AS should be followed closely, with 6-12 
monthly electrocardiogram. Symptoms should be 
carefully evaluated. Doppler echo can be used to 
quantitate the gradient at each visit and ventricular 
function is monitored, Severe AS is risk for sudden death. 
Patients should be discouraged from outdoor games, 
athletics, competitive sports and strenuous exercises, if 
AS is significant (gradient of >50 mm Hg). 

Balloon aortic valvuloplasty is the procedure of choice 
for valvar AS. A balloon introduced through the femoral 
artery can be placed at the aortic valve and inflated to 
tear the valve along the commissure. It is indicated, if the 
gradient is above 75 mm Hg. Supravalvar and subvalvar 
AS do not respond to balloon dilation; the procedure 
should also be avoided in patients with significant aortic 
regurgitation. Surgical options include aortic valve repair 
and replacement with a prosthetic valve. 


Coarctation of the Aorta 


Coarctation of the aorta is located at the junction of the 
arch with the descending aorta. It is a sharp indentation 
involving the anterior, lateral and posterior wall of the 
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aorta: the medial wall is spared. It may be distal o, 
proximal to the ductus oF ligamentum arteriosus and also 
the left subclavian artery. A bicuspid aortic valve is , 


common association. 


Hemoaynamics 


In fetal life, the right ventricular output passes into the 
descending aorta through the ductus arteriosus. The left 
ventricular output empties into the innominate, left carotid 
and left subclavian arteries and little output reaches the 
descending aorta. The portion of the aorta distal to the 
left subclavian and before the portion where the ductus 
arteriosus joins is called the isthmus. At birth, the isthmus 
is the narrowest part of the aorta. Following closure of 
the ductus arteriosus, the descending aorta must receive 
its total supply from the left ventricle via the ascending 
aorta. Neonates with severe coarctation, therefore, become 
symptomatic immediately as the duct starts to close. 
However, a significant proportion present late. 

The exact cause of systemic hypertension is not known; 
aortic obstruction is partly responsible. The narrow pulse 
pressure in the descending aorta distal to coarctation is 
implicated in the renal mechanism for causation of 
hypertension. The obstruction stimulates growth of 
collateral vessels between the proximal and distal 
segments. The intercostal vessels also participate in 
decompressing the hypertensive upper segment. They 
enlarge and become palpable at the lower borders of the 
ribs. Palpable collaterals are also felt at the medial and 
inferior angle of scapula. Because of the decompression 
of upper segment by collaterals, the resting blood pressure 
in upper extremities may be normal, but rises on exercise. 


Clinical Features 


Coarctation has a continuum of severity and the age at 
presentation is linked to severity. Newborns with severe 
coarctation present as soon as the duct starts to close. 
Infants with coarctation present with left ventricular 
dysfunction and heart failure. It is important to examine 
femoral pulses in newborns and infants with heart failure. 
Later in life, coarctation is often not associated with 
symptoms. 

The only symptoms in uncomplicated coarctation may 
be intermittent claudication, pain and weakness of legs 
and dyspnea on running. Examination shows delayed an4 
weak femorals and strong brachial arteries. The heart size 
remains normal with a forcible or heaving left ventriculat 
apex. A systolic thrill may be palpable in the suprasternal 
notch. There are prominent arterial pulsations in the 
suprasternal notch and the carotid vessels. The first sou" 
is accentuated and sometimes followed by a constan 
ejection click. The second sound is normally split with a 
loud aortic component. A variable intensity eject! 
systolic murmur is heard with the point of maximum 
intensity over the back in the interscapular area. The 
murmur starts late in systole after a considerable gap ffro™ 
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Fig. 16.38: Summary of auscultatory findings in coarctation of 
the aorta. $3 third heart sound, $4 fourth heart sound 


the first sound and click. It may appear to go through the 
second sound suggesting a continuous murmur. This is 
because of delay in the transmission of pulse from the heart 
to the site of coarctation. Continuous murmurs may be 
audible over collaterals in the chest wall but are 
uncommon. An aortic ejection systolic murmur and/or a 
regurgitation murmur may be present because of the 
commonly associated bicuspid aortic valve (Fig. 16.38). 

The electrocardiogram shows left ventricular hyper- 
trophy. ST and T wave changes before the age of 15 years 
suggest additional aortic stenosis or endocardial 
fibroelastosis. Chest X-ray shows a normal sized heart with 
prominent ascending aorta and the aortic knuckle. In an 
overpenetrated film, the site of coarctation can be localized 
as the proximal and post-stenotic distal segments are 
dilated. The characteristic notching of the lower borders 
Of ribs is seen beyond the age of 10 years. Using suprasternal 
approach coarctation can be seen on echocardiogram and 
the gradient estimated. Further, the descending aortic flow 
pattern is altered from phasic systolic flow to continuous 
low amplitude, systolic-diastolic flow. 


Course and Complications 


Coarctation may result in congestive failure in infancy. If 
congestive failure does not occur in infancy, it is unlikely 
to occur throughout the pediatric age group. The 
‘omplications of coarctation include rupture of berry 
Mtracranial aneurysm and dissection of aorta. These 
Complications are rare in children. Infective endarteritis 
May occur in the wall of aorta distal to coarctation or there 
“ould be endocarditis involving the bicuspid aortic valve, 


Relief of coarctation is recommended as soon as diagnosis 
Made. In newborns and infants, promp! surgery Is 


preferred. In older children, adolescents and adults, 
balloon dilation with or without stenting is advised. The 
recurrence rate of balloon dilation in newborns is over 
90% and this procedure should only be done as interim 
palliation in the face of heart failure and severe ventricular 
dysfunction. Prostaglandin E1 is used to maintain ductal 
patency prior to surgery in first few weeks of life. 

It is likely that coarctation is not a localized disease at 
the junction of arch and descending aorta and there is 
generalized weakness of the arterial media. Resection of 
coarctation does not guarantee freedom from complications 
like dissection of aorta. Systemic hypertension can persist 
following operation and re-coarctation can occur, 
requiring repeat balloon angioplasty. 


Pulmonie Stenosis (Pure Pulmonic Stenosis; Pulmonic 
Stenosis with Intact Ventricular Septum) 


Pulmonic stenosis (PS) is usually valvar or subvalvar 
(infundibular PS). Uncommonly pulmonic stenosis may 
be supravalvar or in the main right or left branches or 
peripheral branches. 


Hemoaynamics and Clinical Features 


Flow across the narrow pulmonary valve results in a 
pulmonary ejection systolic murmur and a thrill in the left 
second interspace. The heart shows concentric right 
ventricular hypertrophy. The pulmonary artery beyond the 
obstruction shows poststenotic dilatation visible on the 
thoracic roentgenogram as a dilated pulmonary arterial 
segment. Because of the obstruction, the right ventricular 
systole is prolonged resulting in delayed closure of P2, and 
wide and variably split second sound. In valvar PS, a 
pulmonary ejection click is audible, soon after S1 and just 
before the onset of murmur, during expiration but 
disappears or becomes softer during inspiration. With 
increasing severity of stenosis, the duration and intensity 
of the murmur increase and the peak gets delayed; the click 
disappears and P2 becomes softer. With moderate PS, the 
murmur ends just short of the aortic component of the 
second sound. The concentric right ventricular hypertrophy 
results in maintaining a normal heart size, but reduces its 
distensibility. In severe PS with marked right ventricular 
hypertrophy, the ventricular diastolic pressure also 
increases. The right atrial pressure increases to be able to 
fill the right ventricle and results in a fourth heart sound 
(S4) as well as prominent ‘a’ waves in the JVP (Fig. 16.39). 

Patients with mild to moderate PS are asymptomatic; 
with severe stenosis, dyspnea on effort appears. If 
foramen ovale is patent, a right to left shunt at the atrial 
level may occur in severe PS and result in cyanosis. 
Palpitation, easy fatigability and rarely chest pain may 
occur. Features of Noonan syndrome should be looked 
for. The cardiac size is normal and the hypertrophied 
right ventricle results in left parasternal heave. If the right 
ventricle fails, a right ventricular third sound may be 
audible. Rarely with right ventricular failure, tricuspid 
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Fig. 16.39: Summary of auscultatory findings In pulmonic stenosis 


regurgitation may appear. Since the right atrium offers 
less resistance to flow of blood than obstruction at the 
pulmonary valve, the flow through the pulmonary valve 
diminishes reducing the intensity as well as the duration 
of ejection systolic murmur. 

The electrocardiogram shows right axis deviation and 
right ventricular hypertrophy, suggested by pure R waves 
or qR complex in V4R and V1 leads. P pulmonale suggests 
severe PS, Chest X-ray shows a normal-sized heart with 
normal pulmonary vasculature in mild, moderate as well 
as severe PS, Pulmonary oligemia occurs, if the patients 
develop a right-to-left shunt at the atrial level in severe or 
critical PS. The main pulmonary artery exhibits post- 
stenotic dilatation, Echocardiography can identify the site 
‘and severity of obstruction and helps in planning catheter 
‘intervention, 


Treatment 


Valvar PS generally does not increase in severity with 
time unless it is severe or diagnosed in the newborn 
period. Patients with mild PS (gradient of 50 mm Hg or 
less) need annual review. Balloon pulmonary 
valvuloplasty is the treatment of choice for isolated 
valvar PS. The procedure is sometimes technically 
challenging in newborn with critical PS, Surgical 
treatment is indicated only if balloon valvotomy is 
unsuccessful, as in patients with dysplastic valves or 
small pulmonary valve annulus. 


suggested Reading 


* Allen HD, Shaddy RE, Driscoll DJ, Feltes TF, Moss Adams’ Heart 
disease in infants, children and adolescents, 8th Edition, Kluwer/ 
Lippincott William and Wilkins, Philadelphia, USA, 2012. 
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RHEUMATIC FEVER 
Rheumatic fever is an immunological disorder initiate 
by group A beta hemolytic streptococci. Antibodie, 
produced against selected streptococcal cell wall protein, 
and sugars react with the connective tissues of the bog), 
as well as the heart and result in rheumatic fever. There i. 
a strong relationship with streptococcal infection and jt, 
possible to prevent the illness by prompt treatment of 
streptococcal infections with penicillin. 


Epidemiology 


Rheumatic heart disease (RHD) constitutes from 5 to 50%, 
of the cardiac patients in Indian hospitals. 


Age and sex: The incidence of rheumatic fever following 
streptococcal throat infection is 0.3% in the general 
population and 1 to 3% in presence of epidemics of 
streptococcal pharyngitis. The illness commonly affects 
those between 5 and 15 years of age; first episodes are 
rare before 3 years or after 30 years age. Although the sexes 
are nearly equally affected, mitral valve disease and chorea 
is more common in girls whereas aortic valve involvement 
is often seen in boys. 


Predisposing factors: Poor socioeconomic conditions, 
unhygienic living conditions and overcrowding pre- 
dispose to streptococcal infections. 


Etiopathogenesis 


The etiology of rheumatic fever is unknown. A strong 
association with beta hemolytic streptococci of group A 
is indicated by a number of observations: 


i. History of preceding sore throat is available in 50% 
patients; more than 85% show elevated levels of anti- 
streptococcal antibody titer. 


ii. Epidemics of streptococcal infection are followed by 
higher incidence of rheumatic fever. 

iii. The seasonal variation of rheumatic fever and 
streptococcal infection is identical. 


iv. In patients with established RHD, streptococcal infec 
tion is followed by recurrence of acute rheumatic fever: 
Vv. Penicillin prophylaxis for streptococcal infection 


prevents recurrences of rheumatic fever in thosé 
patients who have had it earlier. 


Streptococci have never been isolated from rheumati¢ 
lesions in joints, heart or the bloodstream. Rheumatic feve! 
appears to be the result of the host’s unusual response 
both the cellular and humoral level to S treptococclls 
(Fig. 16.40). Following streptococcal sore throat, there !54 
latent period of 10 days to several weeks before the ons! 
of rheumatic fever. Streptococcal cell wall proteins as W° 
as carbohydrates may induce production of antibodies th" 
are capable of reacting with human connective tissY 
resulting in rheumatic fever. | 

Only heart valves are permanently damaged durinb 
an episode of rheumatic fever. A} other affected tissue 
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Fig. 16.40: Pathogenesis of rheumatic fever. It is proposed that the endothelium suffers initial damage due to a humoral immune 
response, the damage resulting In vascular cell adhesion molecule 1 (VCAM-1) being expressed on the endothelium. This is followed by 
activation of cellular Immune response, As a result CD4+, CD8+ Tlymphocytes and macrophages get attached to the vatvar endothelium 
and migrate to the connective tissue core. This sets up an inflammatory response. The inflammation is accompanied by neovasculanzation 
of the valve substance. IFN-y Interferon gamma, TNF-a tumor necrosis factor alpha, Th! T helper cells 1 


typically heal without residua: Pericarditis, chorea and 
arthritis resolve completely without constriction, long- 
term neurologic consequences or joint disability, 
respectively. 


Clinical Features 


Clinical features of rheumatic fever consists of 
streptococcal pharyngitis with fever followed 10 days to 
a few weeks later by recurrence of fever and the 
manifestations of acute rheumatic fever. The history of 
sore throat is available in less than 50% of the patients. 
Guidelines for the clinical diagnosis of acute rheumatic 
fever, originally suggested by T. Duckett Jones, a — 
revised by the American Heart Association. ie 
guidelines are different for low-risk populations : a 
Prevalence of <1/1000) versus moderate or hig ie 
Populations. The guidelines consist of major, fete ites 
essential criteria (Table 16.16). Two major OF one np 
and two minor criteria are required in the aerwene 
essential criteria to diagnose the first EpiOUs F ee 
theumatic fever. For recurrences, three minor Sire vob ke 
Sufficient. These guidelines are meant to help a P bene 
in making a diagnosis of rheumatic fever, ae = 
should use their judgment in making 4 diagn 

the absence of these criteria. 


Mojor Criteria 


Carditis; This is an early manifestation of rheumatic fever. 
Studies utilizing echocardiography indicates that carditis 
occurs in almost 90% patients. In 60-70%, it is clinically 
obvious whereas in the remaining, the diagnosis is based 
on echocardiographic findings labeled as subclinical 
carditis. Rheumatic carditis is designated as a pancarditis 
involving the pericardium, myocardium and endocardium, 
although studies indicate limited myocardial component. 
Almost 80% of those patients who develop carditis do so 
within the first two weeks of onset of rheumatic fever. 


Pericarditis results in precordial pain that may be quite 
severe. On auscultation, a friction rub is present. Clinical 
pericarditis is seen in approximately 15% of those who 
have carditis. The electrocardiogram may show ST and T 
changes consistent with pericarditis. As a rule, the 
rheumatic pericarditis is associated with only small 
effusions and does not result either in tamponade or 
constrictive pericarditis. A patient of rheumatic peri- 
carditis always has additional mitral or mitral and aortic 
regurgitation murmurs. 

Other features of car 


(ii) soft first sound, (ili) proto 
congestive heart failure, and (v) 





ditis are (i) cardiac enlargement, 
diastolic (S3) gallop, (iv) 
Carey Coombs’ murmur. 
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7 _. Table 16.16: Revised Jones criteria for acute rheumatic fever (2015) 
American Heart Association and World Heart Federation 
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For all populations 


Initial episode of acute rheumatic fever: Two major or one major + two minor criteria ba 
Recurrent episodes of acute rheumatic fever: Two major, one major + two minor, OF three min 
Essential criteria: Previous evidence of group A beta hemolytic streptococcal infection 


Low-Risk Populations 

Incidence <2/100,000 in school-going children; 
rheumatic heart disease prevalence <1/1000 
Major criteria 

Carditis: Clinical or subclinical 

Arthritis: Polyarthritis only 

Chorea 

Erythema marginatum 

Subcutaneous nodules 


Minor criteria 

Polyarthralgia 

Fever (>38.5°C) 

ESR 260 mm in the first hour; CRP 23.0 mg/dL 


Prolonged PR interval, after accounting for age variability 
(unless carditis is a major criterion) 


Moderate, High-Risk Populations 


Major criteria a" 
Carditis: Clinical or subclinical + 
Arthritis: Polyarthniis, monoarthntis 
Polyarthralgia 

Chorea 

Erythema marginatum 
Subcutaneous nodules 


Minor criteria 

Monoarthralgia 

Fever (>38.0°C) 

ESR >30 mm in the first hour; CRP 23.0 mg/dL 
Prolonged PR interval, after accounting for age variability 
(unless carditis is a major criterion) 


Gewitz MH, et al. Revision of the Jones criteria for the diagnosis of acute rheumatic fever in the era of doppler echocardiography. Circulation 


2015;131:1806—18 


This is a soft delayed diastolic mitral murmur heard 
transiently during the course of acute rheumatic fever 
possibly as a result of flow across the inflamed and 
thickened mitral valve. 

Endocarditis is represented by a pansystolic murmur 
of mitral regurgitation with or without an associated 
aortic regurgitation murmur. Pathologically mitral valve 
is involved in all cases of rheumatic fever with carditis. 
Clinically, however, 5-8% patients may present as pure 
aortic regurgitation. Thus almost 95% patients will have 
mitral regurgitation murmur, a quarter of them also have 
an aortic regurgitation murmur and only 5% present as 
pure aortic regurgitation. Tricuspid valvulitis resulting 
in tricuspid regurgitation occurs in 10-30% of cases. 
Isolated tricuspid valvulitis as a manifestation of 
rheumatic endocarditis does not occur. Clinical evidence 
of pulmonary valve involvement in acute rheumatic fever 
is never seen. The acute hemodynamic overload resulting 
from acute mitral regurgitation and/or aortic 
regurgitation leads to left ventricular failure and is the 
main reason for the morbidity and mortality of rheumatic 
fever and RHD. 


Subclinical carditis: Carditis may occasionally be clinically 
silent and only identified by echocardiography that shows 
mitral regurgitation. 


Arthritis: Rheumatic arthritis is a polyarthritis involving 
large joints that include knees, ankles and elbows. 
Uncommonly smaller joints may also be involved. It is a 
migratory polyarthritis with the affected joints showing 
redness, warmth, swelling, pain and limitation of 


movement. It is an early manifestation and occurs in 
70-75% of cases according to western literature. However, 
the figures from India indicate that arthritis is seen in 
30 to 50% of patients. The pain and swelling appear rather 
quickly, last 3 to 7 days and subside spontaneously to 
appear in some other joint. There is no residual damage 


to the joint. Arthritis tends to be commoner in older 
patients. 


Subcutaneous nodules: Subcutaneous nodules appear on 
bony prominences like elbows, shins, occiput and spine. 
They vary in size from pinhead to an almond. They 2 
non-tender. Subcutaneous nodules are a late manifestation 
and appear around 6 weeks after the onset of rheumati 
fever though they have been described as early as 3 wees 
from the onset. They occur in about 3 to 20% of cases 

rheumatic fever in India. Patients who have subcutaneo"! 
nodules almost always have carditis. They last froma few 


days to weeks but have been known to last for almost® 
year. 


Chorea: Sydenham’s chorea is also a late manifestati™ 
occurring about three months after the onset of ay 
rheumatic fever. Generally, by the timea patient manile> 

chorea, the signs of inflammation usually subside. Cher’ 
consists of semi-purposeful, jerky movements results 
in deranged speech, muscular incoordination, awk"*” 
gait and weakness. The affected child is emotio™ : 
disturbed and drops things she or he is carrying. It Is . 
to four times more common in females as compar” 


males. Untreated, it has a self-limiting course of twe 
Six weeks. 


wy 
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Erythema marginatum: [t is an early manifestation, 
predominantly €en Over the trunk. It starts as a red spot 
with a pale center, increasing in size to coalesce with 
adjacent spots to form a Serpiginous outline; the rash in 
non-itching. Recognition of skin manifestations may be 
difficult in dark-skinned patents. 


Minor Criveria 

Clinical criteria 

Fever: Rheumatic fever is almost always associated with 
fever. [he temperature rarely goes above 39.5°C. 


Arthralgia: Arthralgia is a subjective pain whereas arthritis 
means subjective symptoms and objective signs of 
inflammation. While arthritis is a major manifestation, 
arthralgia is a minor manifestation. Figures from India 
indicate that arthritis and arthralgia together occur in 
about 90% of the patients 


Previous rheumatic fever or rheumatic heart disease: This 
criterion applies only for recurrent episodes of rheumatic 
fever. 


Laboratory manifestations 

Acute phase reactants: The leukocyte count usually lies 
between 10000 to 15000/cu mm. The sedimentation rate 
is elevated during acute rheumatic fever and remains so 
for 4 to 10 weeks in almost 80% patients. In a small 
proportion of patients, it may remain elevated even 
beyond 12 weeks. Although congestive cardiac failure 
tends to bring the sedimentation rate down towards 
normal, it is unlikely that patients of acute rheumatic fever 
with congestive failure will have a normal sedimentation 
rate. C-reactive protein is elevated in all patients of acute 
rheumatic fever, and subsides rapidly if the patient is 
treated with corticosteroids. While absence of raised C- 
reactive protein is against the diagnosis of rheumatic fever, 
its presence is non-specific. 


Prolonged PR interval: Prolonged PR interval can get 
prolonged in many infections, nor is diagnostic of carditis. 
Higher grades of block like second degree atrioventricular 
block especially Wenckebach type may be seen. Complete 
atrioventricular block is extremely rare. 


Essential Criterio 


These include evidence of recent streptococcal infection. 
Elevated levels of antistreptolysin O (ASO) indicate 
Previous streptococcal infection and not rheumatic fever. 
Although generally the higher the level the more likely 
one can conclude a recent infection, lower levels do not 
exclude a recent streptococcal infection. A basal ASO titer 
of50 U/dL that goes up to 250 U/dL is indicative of recent 
Streptococcal infection. Rising titer of ASO is a strong 
€vidence for recent infection. 

Positive throat culture for streptococci, 
Theumatic fever, is uncommon. A positi 


at diagnosis of 
ve culture also 





cannot be equated with diagnosis, since this may happen 
with asymptomatic carriers. 


Echocardiography: The recent revision of Jones criteria 
now includes echocardiographic findings for the diagnosis 
of rheumatic carditis. Features suggestive of rheumatic 
carditis include annular dilatation, elongation of the 
chordae to the anterior leaflet of the mitral valve causing 
a prolapse and lack of coaptation of the two leaflets 
resulting in mitral regurgitation. There is focal nodular 
thickening of the tips of the mitral leaflets; they however 
do not show the independent chaotic movement seen with 
infective endocarditis. Occasionally, the tip of the mitral 
valve leaflet is flail because of chordal rupture resulting 
in severe mitral regurgitation. The left atrial and 
ventricular size is increased. Involvement of aortic valve 
is recognized as aortic regurgitation. 

Echocardiography has improved recognition of carditis, 
which at times is not possible on auscultation. This has 
lead to the recognition of subclinical carditis, characterized 
by no clinical but echocardiographic findings of mitral 
regurgitation. While the course of patients with subclinical 
carditis is not clear, most patients are advised long-term 
penicillin prophylaxis. 


Treatment 


Management is symptomatic combined with suppressive 
therapy. 


Bed rest: Bed rest is generally recommended for acute 
rheumatic fever. Prolonged bed rest (>2-3 weeks) is 
seldom necessary unless there is clinically apparent 
carditis with heart failure. 


Penicillin: After obtaining throat cultures, the patient 
should receive penicillin. A single injection of benzathine 
penicillin is given when the diagnosis of rheumatic fever 
is made. Penicillin V (250 mg four times a day for 10 days) 
is an alternative; erythromycin (250 mg four times a day 
for 10 days) is given to those with penicillin allergy. 


Suppressive Therapy 


Aspirin or corticosteroids are given as suppressive 
therapy. Since untreated rheumatic fever subsides in 
12 weeks in 80% of the patients, either of the two 
suppressive agents is given for 12 weeks. Steroids are a 
more potent suppressive agent as compared to aspirin. 
However, there is no proof that the use of steroids results 
in less cardiac damage as compared to aspirin. A number 
of observations indicate that steroids act faster and are 
superior at least in the initial phases. Pericardial friction 
rub tends to disappear within three to five days after 
starting the steroids. Subcutaneous nodules also resolve 
faster with use of steroids. Patients who have carditis with 
congestive cardiac failure have a higher mortality if aspirin 
is used compared to steroids. In selecting the medication, 
the following guidelines are followed: 
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® Carditis with congestive cardiac failure: Corticosteroids 
¢ Carditis without congestive cardiac failure: Either 

corticosteroids or aspirin; former preferred 
* No evidence of carditis: Aspirin 

The total duration of therapy is 12 weeks. Aspirin is 
given ata dose of 90-120 mg/kg/day (in 4 divided doses) 
for 10 weeks, and then tapered in the next two weeks. 
Alternatively, prednisolone (2 mg/kg daily; maximum 
dose 60 mg) is given for three weeks and then tapered 
gradually in next 9 weeks. The management of congestive 
cardiac failure is based on principles discussed above. 

Surgical replacement of the mitral and/or aortic valve 
is sometimes indicated, if the patient is deteriorating 
despite aggressive decongestive measures. Acute hemo- 
dynamic overload due to mitral or aortic regurgitation is 
the main cause of mortality due to rheumatic fever, 


Management of chorea: The patient as well as the parents 
are reassured and told about the self-limiting course of 
the disease. The signs and symptoms of chorea do not 
respond well to anti-inflammatory agents or steroids. 
Supportive measures such as rest in a quiet room and 


medications such as haloperidol, diazepam and 
carbamazepine are effective. 


Prevention of Rheumatic Fever 


Primary prevention requires identification of streptococcal 
sore throat and its prompt treatment with penicillin. For 
primary prevention, it is necessary to educate the 
community regarding the consequences of streptococcal 
pharyngitis. Logistically, this may be difficult since it 
requires (i) prompt identification of sore throat, (ii) rapid 
confirmation of a streptococcal etiology and (iii) availability 
of penicillin. Recent data indicates that rheumatic fever 
may follow episodes of asymptomatic streptococcal 
pharyngitis. Primary prevention can only be possible by 
using an antistreptococcal vaccine, which is not available. 


Secondary prevention consists in giving long-acting 
benzathine penicillin. The dose is 1.2 million units once 
every 3 weeks or 0.6 million units every alternate week. 
The injection is painful and often administered on 
weekends to avoid school absence. While the responsi- 
bility of continuing penicillin prophylaxis is on parents, 
the physician should explain the seriousness of the 
problem and need for prolonged treatment (Table 16.17). 

Patient without proven carditis should receive 
prophylaxis for 5 years after the last episode, or until they 
are 18-yr-old (whichever is longer). Patient with carditis 
(mild mitral regurgitation or healed carditis) should 
receive prophylaxis for 10 years after the last episode, or 
at least until they are 25-year-old (whichever is longer). 
Patients with established RHD or following valve surgery 
orballoon valvotomy should receive lifelong prophylaxis. 
Some cardiologists recommend discontinuation of 
prophylaxis after the age of 40 years, since the likelihood 
of recurrence beyond this age is minimal. 
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“Table 16.17: Secondary prophylaxis following an 
episode of rheumatic fever 
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Antiblotic Mode of administration, dose 
Benzathine Single intramuscular injection every 3 
penicillin 4 weeks", 1200 000 units for patients 

>30 kg; and 600 000 units for <30 kg 
Penicillin V 250 mg orally twice daily 


Erythromycin (for 
penicillin allergy) 


250 mg orally twice daily 


‘In high prevalence regions, 3 wk injections are recommended fo, 
prophylaxis, in patients >30 kg and every 2 weeks in patients <39 kg 


RHEUMATIC HEART DISEASE 


The sequelae of rheumatic fever consist of mitral, aortic 
and tricuspid valve disease. Mitral valve involvement 
manifests predominantly as mitral regurgitation (MR) and 
much less commonly as mitral stenosis (MS). Aortic valve 
and tricuspid valve involvement presents as aortic (AR) 
and tricuspid regurgitation (TR), respectively. Rheumatic 
aortic stenosis (AS) is very rare in childhood or adolescence, 


Mitral Regurgitation 


Mitral regurgitation (MR) is the chief manifestation 
(80-85%) of acute and previous rheumatic carditis. 


Hemoaynamics 


Mitral regurgitation results in a systolic leak of blood to 
the left atrium. The regurgitant blood reaches the left 
atrium during ventricular systole at almost systolic 
pressure. However, during diastole it can pass freely 
across the mitral valve. Thus, although the left atrial 
pressure increases during systole, it drops during diastole. 
The mean left atrial pressure, therefore, stays normal ors 
only slightly increased. There is only a minimal increase 
in pulmonary venous pressure and no pulmonary 
congestion. The increased volume of blood handled by 
the left atrium and left ventricle results in an increase it 
the size of both these chambers. Mitral regurgitation 
provides two exits for the left ventricular blood—forward 
flow through the aortic valve into the systemic circulation 
and backward leak into the left atrium. The forward output 
becomes insufficient during exertion. This decrease in the 
systemic output results in fatigue, the commonest 
symptom of significant MR. Absence of pulmonary 
congestion prevents occurrence of dyspnea unless the MR 
is severe or the left ventricular myocardium is failing. with 
failing left ventricle, the left ventricular diastolic pressure 
increases, the left atrial and pulmonary venous pressure 
increase and pulmonary congestion appears. There is 
increase in pulmonary arterial pressure and features 
pulmonary arterial hypertension appear. Thus presen” 
of features of pulmonary arterial hypertension in a pee 
having pure MR suggests (i) severe MR or (ii) failing 
ventricular myocardium. 
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Disorders of Cardiovascular System 


MR developing during acute rheumatic fever is of 
sudden onset, and results in hemodynamic overload over 
the left ventricle. The features of left ventricular failure 
can occur even With relatively moderate leaks. The size 
of the left atrium also plays a significant role in MR. With 
acute MR, the left atrial size is normal and the increased 
volume reaching the left atrium increases the left atrial 
and the pulmonary venous pressure, resulting in 
pulmonary congestion and features of left ventricular 
failure. With long-standing MR, the left atrium increases 
in size to accommodate the regurgitant volume without 
increasing the left atrial pressure and features of left 
ventricular failure are absent. Another important 
adjustment consists of decrease in the systemic vascular 
resistance to help increase the forward flow. The 
maximum ejection of blood into the aorta takes place 
during early systole. The combination of these two 
factors results in an increased systolic and decreased 
diastolic pressure, resulting in a small water hammer 
pulse. 


Clinical Features 


The resting pulse rate is increased to maintain an adequate 
cardiac output. Features of left ventricular failure are 
absent and appear late unless the MR is acute, severe or 
left ventricular myocardium is failing. The heart size is 
dependent on the severity of MR as well as the status of 
the left ventricular myocardium. The cardiac apex is 
displaced downward and outward with forcible apex and 
hyperkinetic precordium. Less than 10% of patients have 
a systolic thrill because of posterior direction of the 
regurgitant stream. The first sound may be soft as it is 
masked by the systolic murmur. The second sound is 
normally split with mild MR. With moderate or severe 
MR, the second sound is widely and variably split. The 
wide split is due to an early aortic component of the second 
sound. With failing left ventricle, the wide splitting 
disappears. Except with very mild MR, a third sound is 
audible at the apex and indicates increased early rapid 
filling of the left ventricle. With severe MR, a delayed 
diastolic mitral murmur starting with the third sound is 
audible. The delayed diastolic murmur is secondary toa 
large flow across the mitral valve during diastole. Not 
infrequently this delayed diastolic murmur may be 
palpable as a short diastolic thrill. In pure MR, the delayed 
diastolic murmur always ends somewhere in mid-diastole 
and there is no late diastolic (presystolic) accentuation. 
The diagnostic sign is the pansystolic murmur, best heard 
at the apex and widely radiating to the axilla and back as 
Well as to the left sternal border (Fig. 16.41). 


The electrocardiogram shows sinus tachycardia. Signs 
of left ventricular hypertrophy may be present with long- 
Standing and severe MR. Thoracic roentgenogram shows 
cardiac enlargement secondary to left ventricular 
enlar gement, the size depending on the severity of MR. 





S1 PSM S82 


Fig. 16.41: The characteristic pansystolic murmur. As the left 
ventricular (LV) pressure exceeds the left atrial pressure (LA), the 
first sound (S1) occurs. However, the murmur of mitral 
regurgitation will also start at the same time masking the S1. 
Since the maximum difference in the LV and LA pressure Is 
quickly reached and maintained throughout systole, the murmur 
maintains the same intensity throughout systole appearing 
pansystolic, Finally as the LV pressure drops below the aortic 
(Ao) pressure, A2 occurs. The LV pressure is higher than LA 
pressure aft this time and the murmur goes beyond, A2 thus 
masking both the $1 and A2, PSM pansystolic murmur 


Left atrial enlargement is inferred from the elevation of 
left bronchus. In the absence of left ventricular failure, 
there is absence of prominence of pulmonary veins or 
features of pulmonary congestion. Echocardiogram shows 
enlarged left atrium and ventricle. The specific findings 
of mitral valve disease can be seen by two-dimensional 
and three-dimensional echocardiography. Color Doppler 
can quantify MR non-invasively (Fig. 16.42). 


Differential Diagnosis 


Other causes of MR in childhood include: (i) atrial septal 
defect of the primum variety; (ii) coarctation of the aorta 
with MR (congenital); (iii) left ventricular fibroelastosis; 
(iv) congenital corrected transposition of great arteries; 
(v) papillary muscle dysfunction in dilatation of left 
ventricle from any cause; (vi) atrial septal defect of the 
secundum type with floppy mitral valve; (vii) Marfan and 
Hurler syndrome, and (viii) anomalous origin of left 
coronary artery from pulmonary artery. 


Trectment 


Mild to moderate MR is well tolerated for long periods. 
However, its severity increases with time. Medical 
management consists of the use of digitalis and diuretics 
besides penicillin prophylaxis for prevention of 
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Diastole Systole 





Fig. 16.42: 10-year-old with meurmatic mitral valve disease with 
mitral stenosis and regurgitation. Three-dimensional echo- 
cardiograms are shown in the upper panel and equivalent 
two-dimensional frames obtained from apical four-chamber 
Views are in the lower panel: (a) Tne diastolic frame shows the 
mitral valve from its left atrial aspect. Note that the leaflet 
substance is seen in diastole; (b) Equivalent diastolic frame on 
2D shows several features neumatic affliction. The anterior mitral 
leaflet (AML) is thickened. The tip of the AML is oriented 
horizontally and does not point dovmvwards suggesting restriction 
of mobility of diastolic rnotion. The posterior mitral leaflet (PML) 
is also thickened and mobilify is restricted to a greater degree. 
The chordae tendinae beneath the PML are visibly thickened; 
(c) During systole, the PML stays in a relatively fxed position. The 
free edge of the AML moves to a position above the optimal 
zone of coaptation between the two leaflets. The resultant 
regurgitation orifice is shovin by vhite arrows in both the 3D 
and 2D frames. (d) The resultant color Doppler jet of mitral 
regurgitation is directed posteriorty and laterally 


recurrences. The role of systemic vasodilators, most 
commonly ACE inhibitors and calcium channel blockers, 
to reduce afterload in isolated MR and aortic regurgitation 
is controversial. An important additional consideration 
in RHD is the presence of varying degrees of mitral 
stenosis that accompanies MR. 

There are no clear guidelines for the timing of mitral 
valve surgery (particularly replacement) in children. 
Persistent symptoms, in spite of maximally tolerated 
medications, warrant consideration of surgery especially 
in the presence of pulmonary artery hypertension. For an 
asymptomatic child, evidence of even the slightest 
ventricular dysfunction merits consideration for surgery. 
The commonest surgical approach is prosthetic valve 
replacement because rheumatic mitral valves are difficult 
to repair. Patients with a prosthetic mitral valve need to 
receive anticoagulants on the long term. 
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Rheumatic Mitral Stenosis (MS) 


; than MR in chil 
.. MS is less common Sten, 
high prevalence © 


Hemoaynamics (Fig. | 6,43) 

MS results in obstruction to flow of blood is the mitral 
valve during left ventricular diastole. ‘he left atrium 
compensates for this obstruction by increasing its pressure 
This increase in pressure results in hypertrophy of the leg 
atrial wall, and prevents decrease In the blood flow acros. 
the mitral valve. The increased left atrial pressure jg 
transmitted to pulmonary veins and results in pulmonary 
capillary engorgement and pulmonary congestion, which 
produces dyspnea, the commonest symptom of MS. The 
pulmonary arterial pressure increases to maintain forward 
flow from the pulmonary artery to the left side of the heart, 
In the absence of tricuspid regurgitation the right 
ventricular hypertrophy is concentric without an increase 
in the size of right ventricular chamber. The heart sizeis 
usually normal. 

With mild or moderate MS, the forward flow through 
the mitral valve remains normal. With severe obstruction, 
the forward flow is diminished with reduced cardiac 
output resulting in a small volume pulse and cold 
extremities. 


Clinicol Features 


Boys are twice as commonly affected as girls in the age 
group up to 12 years. Juvenile rheumatic MS has been 
described in children as young as 5 years and is now 
largely limited to high RHD prevalent regions. Patients 
with MS give history of shortness of breath on exertion oF 
even at rest depending on the severity. Other important 
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Fig. 16.43: Hemodynamics of mitral valve } stenosis: A cardia’ 
catheterization tracing with simuttaneous recording of left atria! 


(LA) with ‘a’ and 'V waves and left vent; waveforns 
shown. A continuous wave Doppler candice during 
diastole; note the two Peaks in tlow acceleration—the sec 
peak coincides with presystolic Qccentuation. The flow patter 
reflect the pressure gradients across the mitral valve in giasto® 


A2 aortic component of second heart sound: OS opening 


Disorders of Cardiovascular System 


symptoms consist of cough, hemoptysis, paroxysmal 
nocturnal dyspnea, attacks of acute pulmonary edema and 
atypical angina. The pulse volume is small. Depending 
on the severity, there may or may not be signs of right- 
sided congestion, in the form of engorged neck veins and 
enlarged tender liver, The liver may have systolic 
pulsations if there is associated tricuspid regurgitation; 
the jugular venous pulse shows prominent ‘a’ waves. If 
tricuspid regurgitation is present, the jugular veins show 
dominant ‘V’ waves. With moderate or severe MS, signs 
of pulmonary congestion with rales are present. 

Examination reveals a normal sized heart with a 
tapping apex beat, parasternal impulse and an apical 
diastolic thrill. The second sound may be palpable at the 
second left interspace. On auscultation the first sound is 
accentuated, the second sound normally split with a loud 
pulmonary component. An opening snap of the mitral 
valve is best audible just medial to the apex. The delayed 
diastolic mitral murmur starts immediately following the 
opening snap, diminishes somewhat in intensity during 
mid diastole and accentuates again at the end of diastole. 
The late diastolic accentuation is always present in the 
presence of MS. Absence of late diastolic accentuation of 
murmur is against the diagnosis of dominant MS. 

The electrocardiogram shows right axis deviation with 
right ventricular hypertrophy. In addition, there is 
evidence for P mitrale. Thoracic roentgenogram shows a 
normal-sized heart with features of pulmonary venous 
and arterial hypertension, and left atrial enlargement. 
Echocardiogram shows decreased EF slope, paradoxical 
posterior leaflet motion, left atrial enlargement and 
pulmonary hypertension. 2D echo can identify the 
narrowed mitral opening. Doppler echo provides 
information on transmitral gradient. 


Assessment of severity: The minimum criteria for the 
diagnosis of MS are accentuated first sound, the mitral 
opening snap and delayed diastolic murmur with late 
diastolic accentuation. The closer the openings snap to the 
second sound, the more severe the mitral obstruction. The 
intensity or duration of the diastolic murmur does not 
correlate with the severity since mild as well as severe 
MS may result in very soft murmurs. The duration of the 
murmur depends on the heart rate. Severe pulmonary 
arterial hypertension can occur only with severe mitral 
obstruction. Echocardiogram combined with Doppler 
gradient gives more precise assessment of severity. Atrial 
fibrillation is rare in children. 


Differential Diagnosis 


A few conditions can be considered in the differential 
diagnosis in children. Isolated congenital MS is very rare. 

¢ opening snap is less commonly heard in congenital 
MS. Cor triatriatum, obstruction of individual pulmonary 
veins and left atrial myxoma should be considered in the 
differential diagnosis. 


lreatment 


The management of MS is essentially catheter based or 
surgical. Beta blockers or digoxin work equally well by 
reducing resting and exercise heart rates thereby 
improving diastolic filling. Diuretics help by reducing 
pulmonary venous congestion. Balloon mitral valvotomy 
(BMV) or percutaneous trans-septal mitral commissuro- 
tomy has replaced closed or open commissurotomy for 
MS in children. Improvement in mitral valve area 
following these procedures largely results from splitting 
of the fused commissures. The subvalyar abnormalities 
of MS remain after valvotomy, so the mitral valve area 
does not normalize. 

Long-term follow-up after valvotomy is mandatory 
because of significant risk of restenosis with time. Restenosis 
is typically associated with significant residual MS 
following balloon mitral valvotomy. A repeat procedure 
is an option for restenosis and helps postpone mitral valve 
surgery. Closed mitral valvotomy (CMV) is an inexpensive 
and equally effective surgical alternative to BMV. 


Aortic Regurgitation (AR) 


Aortic valve involvement in RHD results in AR. Clinically 
pure AR, without associated mitral valve disease, is rare 
and occurs in 5 to 8% patients. Pathologically, pure 
rheumatic aortic valve disease is almost unknown. 


Hemodynamics 


AR is a backward leak from the aorta into the left ventricle 
during diastole. This increases the volume of blood 
reaching the left ventricle. The left ventricle increases in 
size to accommodate the extra volume. The size of the left 
ventricle is thus related to the degree of aortic leak. Because 
of the backward flow of blood the forward flow is 
impaired. This is compensated by peripheral vasodilata- 
tion as well as increased ejection from the left ventricle 
during early part of the systole. However, significant AR 
results in low forward output. Signs of wide pulse 
pressure in the form of exaggerated arterial and arteriolar 
pulsations are present unless the AR is mild. Slowing of 
heart rate increases the diastolic period and increases the 
regurgitant volume of blood. With good left ventricular 
myocardial function, even moderate AR is tolerated well 
for long periods. If left ventricular myocardium is failing, 
the left ventricular diastolic pressure goes up and results 
in an increase in left atrial pressure and pulmonary 
congestion. 


Clinical Features 


Aortic valve disease is more common in boys compared 
to girls. The main symptom is palpitation, related to the 
large stroke volume. With mild to moderate AR, the 
forward flow can be raised effectively on exercise. Thus 
fatigue is not an early symptom. The pulse pressure is 
wide, with a water hammer (collapsing) pulse. The wider 
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the pulse pressure, the more severe the aortic leak. The 
diastolic blood pressure may be recorded as zero with 
severe AR. Prominent carotid pulsations (Corrigan sign), 
visible arterial pulsations over extremity vessels (dancing 
peripheral arteries) and visible pulsations of the 
abdominal aorta are present. Nodding of head may be 
present with each systole (de Musset sign) in severe AR. 
Arteriolar pulsations may be seen over the nail bed, uvula, 
lips, ear lobes and in the eye grounds. There is also 
exaggeration of the systolic pressure difference between 
the brachial and femoral arteries (Hill sign), Normally, 
the difference between the pressures in brachial artery and 
femoral artery is less than 20 mm Hg, the femoral systolic 
pressure being higher. Systolic pressure difference 
between 20 to 40 mm Hg suggests mild AR, 40 to 60 mm Hg 
moderate AR, and more than 60 mm Hg severe AR. 
Stethoscope over the brachial or the femoral artery shows 
pistol shot sounds in severe AR. A systolic murmur may 
be heard, if pressure is applied to partially occlude the 
artery proximal to the chest piece, and diastolic murmur 
if pressure is applied distally; the combination of systolic 
and diastolic murmurs is the Duroziez sign. 

The apex is displaced downward and outward and is 
forcible or heaving. A diastolic thrill is unusual. The first 
sound is soft and the aortic component of the second sound 
may be audible or may be masked by the regurgitant 
diastolic murmur. The murmur of AR is a high-pitched, 
decrescendo diastolic murmur starting with the aortic 
component of the second sound. The intensity and the 
length of the murmur do not correlate with the severity 
of AR. The murmur is heard along the left sternal border 
and may radiate to the apex. With large aortic leaks there 
is also an ejection systolic murmur at the second right 
interspace, conducted to the neck and not infrequently 
associated with a systolic thrill. The systolic murmur is 
the result of a large stroke volume, passing across rough 
valves. It does not indicate aortic stenosis, if the pulse 
pressure is wide and the carotid upstroke is brisk. 

The electrocardiogram shows increase in left ventricular 
voltages with deep S waves in V1 and tall R waves in V6. 
There are also deep Q waves in left chest leads accom- 
panied with tall T waves, the diastolic overloading pattern 
of the left ventricle. Thoracic roentgenogram shows 
cardiac enlargement of the left ventricular type and dilated 
ascending aorta. Echocardiogram identifies enlarged left 
ventricle, dilated aorta and flutter of anterior mitral leaflet. 
Doppler echo can quantify the severity of AR. 


Differential Diagnosis 


The differential diagnosis of rheumatic AR includes two 
sets of conditions: (i) conditions associated with a wide 
pulse pressure like patent ductus arteriosus, arteriovenous 
fistulae, ventricular septal defect with AR, ruptured sinus 
of Valsalva, anemia and thyrotoxicosis, (ii) conditions 
associated with a non-rheumatic regurgitant diastolic 
murmur like pulmonary regurgitation, AR with ventri- 
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cular septal defect, ruptured sinus of Valsalva ai 

congenital aortic valve disease. Asa rule congenital aor, 
valve disease is either a leaking bicuspid aortic valve o, 
aortic stenosis. Pure congenital AR is extremely rare. Othe 
conditions that may result in AR include Marfan 
syndrome, Hurler syndrome and Takayasu aortoarteriti. 


Management 


Mild to moderate AR is well tolerated for years. There jg 
role for therapy with calcium channel blockers. Significant 
AR, if associated with either chest pain or left ventricular 
failure, should be treated surgically. Surgical treatment 
consists of aortic valve replacement either by homograft 
or prosthetic valve; valve repair is not feasible for 
rheumatic AR. Better surgical results are obtained before 
onset of significant ventricular dysfunction. 


Patients planned for valve replacement should be 
screened for: (i) rheumatic activity; (ii) ability of the patient 
and the family to monitor lifelong anticoagulation. Aortic 
valve replacement has fewer long-term complications 
when compared to mitral valve replacement. 


Tricuspid Regurgitation (TR) 


Features indicative of TR are seen in 20 to 50% patients of 
RHD in children. It is often difficult to determine whether 
TR is organic (due to involvement of the tricuspid valve 


by the rheumatic process) or functional (due to pulmonary 
hypertension). 


Hemoaynamics and Clinical Features 


TR results in a systolic backflow of blood from the right 
ventricle to the right atrium. The systolic leak thus results 
in a systolic murmur and volume load of the right atrium 
as well as the right ventricle. Asa rule, almost all patienS 
who have TR also have features of pulmonary arterial 
hypertension. The systolic backflow under pressure results 
in a prominent systolic wave, the V wave, in the jugular 
venous pulse as well as the liver. Both the systolic as well 
as the diastolic murmurs at the tricuspid valve become 
louder during inspiration. In patients of rheumatic heart 
disease, the TR may be associated either with MS or with 
MR. If the TR is associated with MS, it may be either 
organic or functional due to pulmonary arterial hype! 
tension. If, on the other hand, the TR is associated with 
dominant or pure MR it is likely organic. 


There are no specific symptoms of TR. It is possible 
that with onset of TR, the dyspnea may be relieved to some 
extent in patients of MS. The patients may give history © 
pain in right hypochondrium due toa congested liver and 
of fatigue due to a decrease in systemic output. In addition 
to features of TR, there are signs of pulmonary arter!® 
hypertension and those of mitral valve disease: '" 
association with MS, severe TR may result in marke 
dilatation of the right ventricle and the whole of the 
anterior surface, including the apex may be formed 
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the right ventricle. In such patients, the apex beat is not 
only displaced outward but also downward. This should 
not be mistaken for left ventricular enlargement. In these 
cases, the pansystolic murmur of TR may be heard from 
the lower left sternal border to the apex. Since the left 
ventricle is displaced backwards, the MS murmur may 
be audible only in the axilla or may not be made out atall. 
It is not uncommon for these patients to be diagnosed as 
those of MR. Besides clinical signs of TR, the electro- 
cardiogram is helpful in diagnosis. Patients of TR of this 
severity almost always show severe right ventricular 
hypertrophy in the electrocardiogram. 


Management 


Decongestive measures help reduce the severity of TR. 
Further management depends on the associated mitral 
valve lesion. TR may resolve following mitral valvotomy. 
In patients undergoing surgery for the MR, the tricuspid 
valve can be inspected and tricuspid annuloplasty or 
repair performed, if needed. 


Clinical Problems in Patients with 
Rheumatic Heart Disease 


Two major problems that clinicians face in patients of RHD 
are discussed below. 


Active or Inactive Rheumatic Fever 


A lot of judgment or personal bias is involved in this 
decision. The diagnosis of activity rests on the Jones 
criteria. Presence of cardiac involvement cannot be used 
as a major criterion since carditis may be the result of a 
previous attack of rheumatic fever. However, presence of 
a pericardial friction rub is evidence of active carditis. If 
the patient has documented cardiac findings, then the 
appearance of a new murmur or a significant increase in 
a pre-existing murmur suggests active rheumatic fever. 
History of arthralgia or arthritis within a period of less 
than 12 weeks is suggestive of active rheumatic fever, 
especially if associated with high sedimentation rate and 
ASO titers. Despite congestive cardiac failure, it is unusual 
for the sedimentation rate to be normal in a patient of 
active rheumatic fever. Patients with rheumatic activity 
show elevated ASO titers, although there are problems in 
interpretation of borderline values. 


In a Febrile Patient, Is it Active Rheumatic Fever or 
Infective Endocarditis? 


At times separation of rheumatic activity from infective 
endocarditis can be difficult. The arguments used above 
for Separating active from inactive rheumatic fever can 
be used for diagnosis of active rheumatic fever. A detailed 
description of endocarditis follows. 
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INFECTIVE ENDOCARDITIS 





Infection of the endocardial] lining of the heart is caJled 
infective endocarditis, and may involve the endocardium 
of the valves, the mural endocardium or the endothelium 
of blood vessels (infective endarteritis). The commonest 
site of infection is a diseased valve from where the 
infection can spread along the endothelium. 


Etlopathogenesis 


Infective endocarditis (IE) predominantly occurs in a 
diseased heart. The commonest substrate is a damaged 
endothelium or endocardium resulting from contact with 
a high velocity jet together with the presence of a 
significant bacteremia. Endocarditis can occur following 
a surgical shunt as in Blalock-Taussig shunt. Other 
congenital lesions, associated with endocarditis are VSD, 
PDA, tetralogy of Fallot, aortic stenosis and mitral 
regurgitation. Examples of conditions seldom associated 
with IE include atrial septal defect and isolated pulmonary 
valve stenosis. 

Infective endocarditis occurs over the mitral or aortic 
valves in patients with rheumatic heart disease. Patients 
with prosthetic valves or those who have had a recent 
cardiac operation are also especially prone to endocarditis. 
Infections anywhere in body like boils or furuncles, tooth 
abscess, ear infection, urinary tract infection or 
osteomyelitis may result in endocarditis. Although 
interventions like dental procedures, genitourinary 
procedures or bronchoscopy can be followed by IE, it is 
uncommon to be able to identify the predisposing event, 
Perhaps the most important preventable cause of 
endocarditis is poor dental hygiene. Parenteral dru g, abuse 
is a frequent cause of right-sided endocarditis involving 
the normal tricuspid or the pulmonary valve. Occasionally, 
it can result in mitral and/or aortic valve disease as well. 

The pathogenesis of endocarditis depends on the 
invasiveness and virulence of the infective organisms. The 
infection generally starts at a jet lesion, where the high- 
pressure jet strikes the endocardium or the endothelium. 
The right ventricular mural endocardium or the tricuspid 
valve in VSD, aortic endothelium in AS or coarctation of 
the aorta, ventricular surface of the aortic valve in AR are 
the usual sites. Endocarditis results in immune-mediated 
vasculitis and thrombocytopenia. 

Bacteremia resulting from an infection such as a boil, 
furuncle, otitis media or initiated by an intervention such 
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as cardiac or urinary catheterization or dental extraction 
is necessary for initiation of endocarditis. Bacteremia may 
alse result from simple events such as brushing teeth. 
Bacteria that are deposited on the endocardium are 
covered by fibrin and platelets forming vegetations. 
Almost any species of bacteria and some species of fungi 
can cause endocarditis. Streptococcus viridians, S. aureus, 
enterococci, 2. aeruginosa and some gram-negative bacilli 
are responsible for most episodes. Fungal endocarditis 
typically results in the setting of chronic hospitalization 
with indwelling central venous catheters. 


Diagnosis 


Any fever in a patient with known heart disease raises 
the question of endocarditis. The minimum criteria for the 
diagnosis of endocarditis consist of unexplained fever of 
7 to 10 days duration in a patient with known heart 
disease, If this is associated with other clinical manifesta- 
tlons of endocarditis, the diagnosis is more likely. 

Endocarditis is subdivided into acute and subacute 
types, depending on whether the patient presented with 
a chronic illness or as septicemia. Endocarditis is also 
identified by the infective organism, for example, viridans 
endocarditis, staphylococeal endocarditis and enterococcal 
endocarditis. S. viridans results in the subacute form of 
ilIness while S. aureus and other pyogenic organisms cause 
a fulminant (acute) and rapidly progressive illness, 
[dentification of the organism is necessary, as it helps 
determine the choice of antibiotics. 


Clinical Features 


Infective endocarditis is uncommon below the age of two 
years. The clinical features may be grouped into those (i) 
indicating, the presence of an infection; (ii) indicating 
involvement of the cardiovascular system; and (iii) 
indicating the presence of an immunological reaction to 
infection. The features indicating the presence of infection 
consist of fever, chills, rigors, night sweats, general malaise, 
and weakness, loss of appetite, weight loss and amenorrhea 
in females. Loss of appetite is a very persistent and impor- 
tant symptom. Arthralgia and diffuse myalgia can occur, 
however, arthritis does not occur except in acute endocarditis 
as part of septicemia when it is likely to be monoarticular. 

Features indicative of the involvement of the 
cardiovascular system may be absent in the initial stages. 
Appearances of left or right heart failure, development of 
anew murmur or change in a pre-existing murmur, 
presence of embolic episodes to various parts of the body 
(stroke from central nervous system embolism, hematuria 
from renal infarct, left flank pain from splenic infarct, 
gastrointestinal hemorrhage from mesenteric embolism) 
indicate involvement of the cardiovascular system. As 
damage to the valve tissue occurs, regurgitant lesions 
appear, These regurgitant lesions, aortic, mitral or 
tricuspid, progress rapidly causing hemodynamic changes 
that result in congestive failure. 
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the onset of endocarditis. 

In the acute form, the symptoms aPPeat early and 
progress rapidly with hectic fever, chills and rigors, 
Perforation of valve cusps may result in appearance of 
acute regurgitant lesions like acute tricuspid, aortic or 
mitral regurgitation. With inadequate treatment, the course 
is downhill and death within 6 weeks from the onset. 
Metastatic lesions causing abscesses in the central nervous 
system, spleen, mesentery, bones and joints are common. 
Metastatic abscesses are rare in subacute endocarditis. 

Patients with endocarditis of the right side, such as 
tricuspid or the pulmonary valve, throw emboli to the 
lungs, which present as repeated episodes of pneumonitis 
or septic infarcts resulting in lung abscesses. It is common 
in patients with indwelling central catheters, intravenous 
drug abuse and VSD. Some patients remain afebrile for 


several days and yet have large vegetations and elevated 
acute phase reactants. 


Postoperative Endocarditis 


Postoperative endocarditis is classified as early (<12 
months) and late. Early endocarditis is usually due to 
pyogenic organisms such as Staphylococcus, Pseudomonas 
or gram-negative bacilli introduced at the time of 
operation. These patients have hi gh fever with chills and 
ri gors and features of septicemia. Late endocarditis is more 
like native valve endocarditis and the commonest 
organisms are S. viridans and gram- negative bacilli; thes¢ 
patients have a subacute course. Cardiac operations ale 
an important predisposing factor for gram negative 


endocarditis. Prosthetic valve endocarditis may also b¢ 
early or late and behaves as above. 


Fungal Endocarditis 


With extensive use of broad- 
and fungal infections occur 
especially following c 


spectrum antibiotics, yeast 
more frequently than befor 


ardiac Operations and in intensi¥® 
care settings. Candida is the commonest fungus; othe» 


include Histoplasma, Blastomyces, Aspergillus Cryptococel? 
and Mucor. The organism is cultured from the peripher 
blood. Predisposing factors for fungal endocarditis include 
intravenous drug abuse, indwelling catheters ‘ntensiv® 
antibiotic therapy, prolonged steroid administratio™ 
radiation, immunosuppressive therapy and prosthe ic 


Disorders of Cardiovascular System 


yalves, Incidence of embolism is high since the fungal 
vegetations tend to be very large. Despite intensive 
therapy, mortality is high, 


Laboratory Diagnosis 


Blood culture is essential for diagnosis. A positive blood 
culture in a patient with underlying heart disease, 
suspected to have endocarditis is confirmatory. Three sets 
of cultures, each containing adequate volumes of blood, 
taken every half-hour are appropriate and detect 95% 
cases, The commonest cause for negative cultures is prior 
antibiotic therapy or unsatisfactory culture technique. 
Infection with unusual organisms, anaerobic organisms 
and fungi require special mediums and incubation for 
2-3 weeks. Arterial sampling does not offer any advantage 
over venous samples. Other investigations, which provide 
supportive evidence for the diagnosis, include: (i) normo- 
cytic normochromic anemia, (ii) moderately elevated total 
leukocyte count, (iii) reduced platelets, (iv) elevated 
sedimentation rate and C-reactive protein, and (v) micro- 
scopic hematuria and albuminuria. 


Echocardiography 


Echocardiography is a valuable diagnostic tool, especially 
in patients with culture negative endocarditis. 
Complications like ruptured chordae, perforated cusps 
and flail cusps can be identified. Vegetations more than 
2 mm can be identified on echocardiography, but its 
sensitivity is dependent on the site of involvement. For 
aortic and mitral valves, the sensitivity is more than 90%, 
while for tricuspid and pulmonary valves, it is 70%. The 
presence of vegetations has high negative as well as 
positive predictive value for confirming the diagnosis of 
infective endocarditis. Transesophageal echocardiography 
is useful for diagnosing prosthetic valve endocarditis and 
valve ring abscess. 


Complications 


Damage to valve cusps or perforation and rupture of 
chordae tendinae might result in acute regurgitant lesions 
and hemodynamic deterioration. Migration of vegetations 
may result in embolic neurological deficit, renal infarcts 
with hematuria, mesenteric infarct and melena, and loss 


of fingers or toes due to obstruction of blood supply. 
Damage to the vasa vasorum of blood vessels due to 
vasculitis may result in the formation of mycotic aneurysms 
that can rupture and result in massive bleeding. The 
kidneys suffer from embolic infarct with hematuria and 
focal or diffuse membranoproliferative glomerulonephritis 
resulting in albuminuria and microscopic hematuria. The 
findings of IgG, IgM and complement deposits on the 
glomerular basement membrane indicate that it is an 
immune complex nephritis. Renal insufficiency tends to 
appear beyond three weeks of the onset of endocarditis and 
is progressive until the endocarditis is cured; hematuria 
can persist for 3-6 months. Even advanced renal 
insufficiency tends to regress and renal function returns to 
normal after the endocarditis has been cured. 


Treatment 


The principles of management consist of: (i) identification 
of organism and its antibiotic sensitivity; and (11) prompt, 
appropriate and prolonged antimicrobial treatment to cure 
and prevent relapse. If the blood culture is positive, the 
choice of antibiotics is dictated by the antibiotic sensitivity. 
If the culture is negative, empirical therapy covering a 
wide range of organisms is necessary. If the culture is 
positive, the culture plate should not be discarded. After 
starting the antibiotic treatment, patient's serum diluted 
to 1:8 parts or more should be used to determine if it 
inhibits the growth of the organism in subculture, to 
indicate the efficacy of treatment. Common organisms 
causing endocarditis, antibiotic of choice and duration of 
treatment is shown in Table 16.18, Over the last 2-3 
decades are, the threshold for surgery for treatment of 
endocarditis is lowered considerably. Surgery is indicated, 
if response to antibiotics is suboptimal, in presence of large 
vegetation, damage to valve apparatus with severe or 
refractory heart failure and for fungal endocarditis. 


Fungal endocarditis: Fungal endocarditis is resistant to 
therapy. Therefore, after 2 to 3 weeks of appropriate 
treatment (amphotericin B), the patient should be operated 
to remove the fungal mass. The antifungal agents should 
be continued postoperatively for a minimum of 6 weeks. 
Relapse following apparently successful treatment can 
occur even up to 2 years. 


Table 16.18: Choice of antibiotics and duration of treatment for infective endocarditis 


Option | 

Penicillin, aminoglycoside 
Penicillin, aminoglycoside 
Ampicillin, aminoglycoside 


Organism 
Streptococcus viridans 
Group A streptococci 
Streptococcus faecalis 
Staphylococcus aureus 
Escherichia coli 
Pseudomonas spp. 
Culture negative 


Ceftriaxone, aminoglycoside 
Ticarcillin, aminoglycoside 
Ampicillin, aminoglycoside 


Cloxacillin/cefazolin, aminoglycoside 


Option Il Duration, weeks 
Ceftriaxone, aminoglycoside 
Ceftriaxone, aminoglycoside 
Vancomycin, aminoglycoside 
Vancomycin, aminoglycoside 
Ampicillin, aminoglycoside 

Meropenem, aminoglycoside 
Ampicillin, aminoglycoside 
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Culture negative endocarditis: Patients with culture 
negative endocarditis need to be treated empirically, The 
choice of treatment is dictated by circumstances 
anticipating the most likely organism. [f the patient seeks 
help late and has signiticant renal insufficiency, the 
medication dose might need to be modified, 


Prophylaxis 


There have been major changes in the recommendations 
for prevention of endocarditis. Patients with congenital 
heart defects such as ventricular septal defect, bicuspid 
aortic valve and valvar pulmonary stenosis do not 
routinely require prophylaxis. According to the guidelines 
of the American Heart Association, since the absolute 
lifetime risk of endocarditis is small, prophylaxis is only 
recommended for patients with conditions associated with 
increased risk of adverse outcome from endocarditis 
(Table 16.19), The focus of prophylaxis has shifted from 
prophylactic antibiotics for a dental procedure to the 
prevention of dental caries, which reduces the incidence 
of bacteremia from daily activities and is, therefore, more 
important, These guidelines need validation in developing 
countries where oral hygiene is unsatisfactory and regular 
dental health screening is not instituted in the majority. 

Antibiotic recommendations for those who need 
prophylaxis are as follows: 


Dental Treatment 
i. Penicillin V 2 g given orally on an empty stomach 
1 hour before dental treatment, followed by 0.5 g every 
6 hours for 3 days, or 
ii, Crystalline penicillin G 1,000,000 U mixed with 600,000 
U of procaine penicillin 30-60 min before dental 
treatment, followed by oral penicillin as above, or 
iii. Single dose of amoxicillin 50 mg/kg orally 1 hour 
before the procedure 
iv. Patients with prosthetic heart valves: Injectable 
penicillin with streptomycin or gentamicin IM 1 hour 
before the procedure. 


Genitourinary and Gastrointestinal Procedures 


i. Amoxicillin 25 mg/kg by mouth 1 hour before, with 
gentamicin 2 mg/kg IM 30 min before procedure; both 


“Table 16.19: Conditions where antibiotic prophylaxis Is 
definitely recommended 


Prosthetic cardiac valve; prosthetic material used for valve repalr 
Past history of infective endocarditis 


Uncorrected cyanotic heart disease, palliative shunts and 
conduits 


During first 6 months following complete surgical repair of 
congenital heart disease 


Repaired congenital heart disease with residual defects at or 
adjacent to the site of repair 


Cardiac transplantation recipients with cardiac valvulopathy 
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MYOCARDIAL DISEASES 


Myocardlils 

Myocarditis is chiefly caused by ECHO, Coxsackie B, 
rubella, herpes and influenza viruses, Diphtheritic 
myocarditis is occasionally noted in South Asia, The 
presentation may be abrupt, with cardiovascular collapse, 
or insidious development of heart failure. Arrhythmias 
and conduction disturbances may be present. Examination 
shows cardiac enlargement, tachycardia, muffled heart 
sounds and features of congestive cardiac failure, The 
electrocardiogram shows low voltages, and nonspecific 
ST-T changes. Chest X-ray reveals cardiae enlargement 
with pulmonary venous congestion. 

Treatment includes management of congestive failure. 
Digoxin should be used cautiously, preferably in half to 
three-quarters the standard dose. Steroids are of uncertain 
value and should be avoided during acute viremia. ACE 
inhibitors are a useful adjunct to therapy. The utility of IV 
immunoglobulins is not proven. Severe heart failure may 
require admission in an intensive care unit and mechanical 
ventilation, A variable proportion of children with 
myocarditis recover completely, 


Cardlomyopathles 


The term cardiomyopathy is an intrinsic disease of the 
myocardium which is not associated with a structut 
deformity of the heart. Ibis considered primary cardiomy” 
pathy when the ctiology is unknown, and secondary: ! 
the myocardial disease is attributed to a systemic diseas’ 
Myocardial diseases are classified clinically as (i) dilate 
(ii) restrictive, and (iii) hypertrophic cardiomyopathy: 

A significant proportion of patients have correctible 
causes of left ventricular dysfunction that mimics dilate 
cardiomyopathy (Table 16,20), 


Dilated Cardiomyopathy 


Dilated cardiomyopathy (DCM) is the commonest form 
of myocardial disease. The onset of cardiac failure ™) 
be acute or insidious. Cardiomegaly and $3 gallop ® 
. , G% y : t f 
present. Murmur Of MR and uncommonly, tha 
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~ Condition 


_ Congenital cardiovascular disoases 


Anomalous left coronary artery from 
pulmonary artory 
Severe coarctation of aorta 
Critical aortic stonosis 
Acquired cardiovascular diseases 


Takayasu arteritis 

Tachyarrhythmia 

Ectopic atrial tachycardia 

Permanent junctlonal re-entrant tachycardia 
Chronic atrial flutter 

Severe hypertension 


_ Metabolic and nutritional causes 
Hypocalcemia 


Infantile berl-ber| 
Carnitine deficiency 


Hypophosphatemia 


Selenium deficiency 


tricuspid regurgitation, may be present. The patients are 
prone to embolic phenomena. The electrocardiogram 
shows non-specific ST and T changes with or without left 
ventricular hypertrophy, conduction disturbances, 
arrhythmias or pseudo-infarction pattern. Chest X-ray 
shows cardiomegaly with pulmonary venous hypertension. 
Echocardiogram confirms dilated ventricular cavity 
without hypertrophy of the left ventricle or the septum, 


left ventricular contractility is reduced. 


Treatment consists of decongestive therapy with 
vasodilators, especially ACE inhibitors. Beta-blockers 
control the heart rate and reduce catecholamine-induced 
vasoconstriction. Carvedilol, a beta-blocker with 
peripheral vasodilator effect, is useful in management of 
CCF, especially in patients with disproportionate 
tachycardia. The starting dose is 0.1 mg/kg/day once 
daily, which is gradually increased to 0.9 mg/kg/ day. 

Gradual improvement occurs in 4 significant 
proportion. The prognosis for individual patients cannot 
be predicted and treatment should continue for prolonged 
periods. Despite aggressive therapy, about oO 


children with cardiomyopathy continue to deteriorate and 
nt (weekly or bi- 


usions are useful 
are of a number 


eventually become refractory. Intermitte 
weekly) dobutamine or levosimendan inf 
In some patients. It is important to be aw 


of correctable conditions that can mimic cardiomyopathy 


T itions are obtained on 
(Table 16.24). Clues to these condi (Fig. 16.44). 


clinical and laboratory findings, or ECG 
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Cluos to diagnosis 


ECG changos of myocardial Infarction In |, aVL, V4-6: 2D, Doppler 
achocardiography 

Woak fomoral pulses; echocardiography 

Auscultation; ochocardiography 


Asymmetric pulses, bruit, Doppler, scintigraphy, anglography 
Disproportionate tachycardia 

ECG 

Esophageal electrophyslology 


Blood pressure; fundus examination 


Setting (newborns; severe hypoparathyroidism); Chvostek, Trousseau signs; 
prolonged QTc on ECG 


Prominent edema, diarrhea and vomiting; documented thiamine deficiency in 
mother (if breastfed) 

Hypoglycemia, congestive heart failure; coma; ventricular hypertrophy; high 
ammonia, low carnitine 

Poorly controlled diabetes; following hyperalimentation, nutritional recovery 
syndrome; recovery from severe burns; hyperparathyroidism; vitamin D 
deficiency; hypomagnesemia, Fanconi syndrome; malabsorption 

Keshan disease (endemic in parts of China); chronic parenteral nutrition, AIDS 


Anomalous Left Coronary Artery 
from Pulmonary Artery (ALCAPA) 


ALCAPA should be considered in a patient with heart 
failure with or without a murmur suggesting MR and a 
pattern on electrocardiogram that suggests anterolateral 
myocardial infarction (Fig. 16.45). Echocardiography 
shows a large right coronary artery and absence of the 
origin of left coronary artery from the aorta. The left 
coronary artery is seen to arise from the pulmonary artery 
and shows flow in the reverse direction in the left anterior 
descending artery and the left circumflex artery. This flow 
reversal results from collateral flow into the left coronary 
system from the right coronary artery. Angiography is 
rarely necessary for the diagnosis. The treatment is 
surgical and requires mobilization and translocating the 
origin from pulmonary artery to aorta. 


Restrictive Cardiomyopathy (RCM) 


It is relatively uncommon in children. Restriction to 
ventricular filling is usually associated with either 
endomyocardial fibrosis or endocardial fibroelastosis with 
a normal or smaller than normal left ventricle. 
Endomyocardial fibrosis was previously endemic in 
Kerala, but is now rare. There is dense fibrosis in the apical 
and inflow regions of the left and right ventricles. Papillary 
muscles and chordae may be tethered by the connective 
tissue, resulting in severe mitral or tricuspid regurgitation. 
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Fig. 16.44: Pompe disease with biventricular hypertrophy. Note the 
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Fig. 16.45: ECG of an Infant with heart fallure and ventricular dysfunction. The leads |, aVL and V | 
segment elevation suggesting myocardial infarction. The echocardlographic diagnosis of ano 
pulmonary artery was confirmed at surgery, . 


6 show q waves and subfie st 
lous left coronary artery from 





Patients with predominant left-sided involvement have involvement, patients present 
symptoms of dyspnea, orthopnea, hemoptysisandembolic —_and ascites. There is Sardine be 
phenomena. On examination, there is cardiomegaly with pulsations; S3 gallop and ‘@ 
or without findings of MR. With predominant right-sided = Treatment consists of deconge 


ith fatigue, pedal ede™ 
y with prominent cardia 
Murmur may be prese™ 
Stive therapy. 
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Restrictive cardiomyopathy of other varieties is 
characterized by features of left- and right-sided failure 
with a normal-sized heart. Clinically, or even following 
cardiac catheterization, it may be difficult to distinguish 
from constrictive pericarditis. Children with restrictive 
cardiomyopathy show left-sided involvement and 
disproportionate pulmonary hypertension. Echo- 
cardiogram helps exclude constrictive pericarditis. 
Treatment is supportive with diuretics; prognosis is poor 
without transplantation. 


Hypertrophic Cardiomyopathy 


Hypertrophic cardiomyopathy may occur (a) without 
outflow obstruction, or (b) with outflow obstruction. 
Obstructive cardiomyopathy is also known as idiopathic 
hypertrophic subaortic stenosis (IHSS) or asymmetrical 
septal hypertrophy (ASH) or hypertrophic obstructive 
cardiomyopathy (HOCM). 

HOCM is uncommon in children. Pathologically, there 
is asymmetrical hypertrophy of the ventricular septum. 
The free walls of the left and right ventricles are 
hypertrophied to a lesser extent. The ventricular septum 
bulges into the left ventricle, and the anterior mitral valve 
leaflet causes obstruction in the left ventricular outflow 
during systole. Uncommonly, there is right ventricular 
outflow obstruction as well. 

Patients present with exertional dyspnea, anginal pain, 
palpitation and syncope; sudden death can occur. The 
pulse has a sharp upstroke with a bisferiens character. 
The apex beat is forcible or heaving. An ejection systolic 
murmur of varying intensity is heard at left sternal edge. 
A pansystolic murmur or MR and a fourth sound may be 
heard at the apex. The ejection systolic murmur increases 
in intensity with maneuvers which increase the 
myocardial contractility or decrease the volume of the left 
ventricle. The murmur decreases in intensity with 
procedures that increase left ventricular volume or 
decrease the myocardial contractility. Thus, sudden 
Squatting tends to decrease the intensity of the murmur 
Whereas standing upright from sitting position by 
decreasing the venous return tends to decrease the left 
ventricular size and increases the intensity of the ejection 
Systolic murmur. The electrocardiogram shows left 
ventricular hypertrophy, with or without ischemic 
changes. Echocardiogram shows disproportionate 
hypertrophy of the ventricular septum, systolic anterior 
motion of the anterior leaflet of the mitral valve and mid- 
Systolic closure of the aortic valve. 

Hypertrophic cardiomyopathy may have an 
autosomal dominant pattern of inheritance with variable 

ut penetrance. Mutations in beta-myosin, troponin T 
and alpha-tropomyosin genes are believed to be 
fesponsible. Magnetic resonance imaging, may help 
identify myocardial fibrosis and patients \at risk of 
Sudden cardiac death. Noonan syndrome is associated 
With hypertrophic cardiomyopathy. 


Patients with hypertrophic obstructive cardiomyopathy 
should have a 24-hr Holter to document the presence of 
arrhythmias. These patients should avoid strenuous 
games and exercise. Digitalis and other inotropic drugs, 
diuretics and nitrates are contraindicated. Beta-blockers 
decrease myocardial contractility and thus reduce the 
obstruction. 


PERICARDIAL DISEASES 


Inflammatory diseases of the pericardium may present 
as acute dry pericarditis, pericarditis with effusion or 
chronic constrictive pericarditis (Table 16.21). 


Acute Pericarditis 


Acute pericardial inflammation causes precordial pain, 
which may be dull, sharp or stabbing in character. 
Occasionally, the pain may be felt over the neck and 
shoulder and may worsen on lying down. The child is 
dyspneic and has cough. The pattern of fever and toxemia 
depends on the etiology. The diagnostic physical sign is 
the pericardial friction rub, which is a rough scratchy 
sound, with three components, a systolic, diastolic and a 
presystolic scratch. It can be heard anywhere over the 
precordium, is unrelated to the respiratory cycle and 
increases on pressing the chest piece of stethoscope over 
the precordium. The electrocardiogram shows generalized 
ST elevation in the initial stages. Later the ST segment is 
isoelectric and T waves are inverted. Still later, the ST 
segment may be depressed. 

If effusion develops, the cardiac silhouette increases in 
size. The heart sounds become muffled and evidence of 
peripheral congestion in the form of raised jugular venous 
pressure, hepatomegaly and edema may develop. The 
pericardial friction rub may persist or disappear. If fluid 
accumulates rapidly, there is marked interference with 
cardiac filling resulting in features of cardiac tamponade 
such as: (i) rising jugular venous pressure; (ii) paradoxical 
inspiratory filling of the neck veins; (iii) increasing heart 
rate; (iv) falling pulse pressure; and (v) appearance of 
pulsus paradoxus. The electrocardiogram shows non- 
specific ST and T changes with low voltage tracings. Chest 
X-ray shows cardiomegaly with smooth outline and 
blunting of the cardiohepatic angle. Echocardiogram 


Table 16.21: Etiology of pericardial diseases 


Acute Chronic 
Bacterial Constrictive pericarditis 
Viral Tuberculous 


Tuberculous 
Rheumatic fever 
Collagen disorders 
Uremic 
Postoperative 
Idiopathic 


Idiopathic 
Post-pyogenic 
Post-traumatic 
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shows an echo-free space behind the posterior left 
ventricular wall, Evidence of right atrial or right 
ventricular diastolic collapse indicates a hemodynamically 
significant effusion, Pericardiocentesis is done to 
determine the etiology and relieve cardiac tamponade, if 
present. Treatment will depend on the etiology. Surgical 
drainage is indicated, if pyopericardium is suspected. 


Chronic Constrictive Pericarditis 


Constrictive pericarditis is not uncommon in our country, 
following tuberculous infection and less commonly, 
following pyogenic pericarditis, Fibrous thickening of 
both layers of the pericardium encases the heart and 
restricts filling of both the ventricles equally; calcification 
is rare in childhood. The myocardium is not involved 
initially, but the fibrous process may infiltrate the myo- 
cardium, Dyspnea, fatigue and progressive enlargement 
of the abdomen are common, 

Jugular venous pressure is always elevated with equally 
prominent ‘a’ and ‘v’ waves and a prominent ‘y’ descent. 
Inspiratory filling of neck veins (Kussmaul sign) is seen 
in about one-half. Liver is enlarged and pulsatile; ascites 
with unilateral or bilateral pleural effusion is common. 
Splenomegaly may also be present. Pulse is fast and of 
low volume and pulsus paradoxus may be present. The 
precordium is quiet with a normal-sized heart. First and 
second sounds are normal. An early third heart sound 
(pericardial knock) is commonly heard. The EKG shows 
low voltage in 75% patients and non-specific ST-T changes 
in all cases. Normal electrocardiogram is against the diag- 
nosis of constrictive pericarditis. Occasionally, there is right 
axis deviation or right ventricular hypertrophy pattern. 

The chest X-ray shows normal-sized heart with ragged 
or shaggy borders and prominent superior vena cava 
merging with the right atrial margin. The lungs may show 
pleural effusion and plate atelectasis. Hemodynamic 
studies reveal elevation of right atrial mean pressure, right 
ventricular end-diastolic pressure, pulmonary artery 
diastolic pressure and the pulmonary artery wedge 
pressures, which are identical. The right ventricular end- 
diastolic pressure is more than one-third of the systolic 
pressure. The cardiac index may be normal or reduced, 
but the stroke volume is low. In some cases, therapy with 
digitalis may improve the hemodynamics indicating 
presence of myocardial dysfunction. 

Surgical decortication of the pericardium results in 
normalization of the hemodynamic abnormalities in most 
cases. Some cases of long-standing constrictive pericarditis 
with myocardial dysfunction may improve slowly or have 
residual myocardial dysfunction. A full course of 


antitubercular treatment often follows pericardiectomy if 
the cause is not clear. 


SYSTEMIC HYPERTENSION 





Essential (primary) hypertension, the most common form 
of hypertension in adults, is increasingly recognized in 
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ts. Systemic hypertension jg 
children a aol children, but when present way 
in infants underlying disease (secondary hypertension, 
the cpvalence of essential hypertension mcreases wig, 
age ‘approximately g-4% of children:and ac olescents 
eve hypertension and 10% have elevated blood pressy,, 


Etlology . 

The etiology of essential hypertension 1s multifactorial 
Obesity, insulin resistance, activation of sympathetic 
nervous system, disorders 1n sodium homeostasis anq 
renin-angiotensin system, vascular smooth muscle 
structure and reactivity, uric acid levels, genetic factors 
and fetal programming have been implicated. There js 
often a history of hypertension in the parents. . 

Approximately 90% of secondary hypertension in 
children are due to renal or renovascular abnormalities. 
The major renal causes are chronic glomerulonephritis, 
reflux or obstructive nephropathy, polycystic or dysplastic 
renal diseases and renovascular hypertension. Coarctation 
of the aorta and Takayasu arteritis are leading vascular 
causes. Hyperthyroidism, hyperparathyroidism, congenital 
adrenal hyperplasia, Cushing syndrome, primary 
aldosteronism, pheochromocytoma and neuroblastoma 
are uncommon. 

Transient or intermittent hypertension may be caused 
by postinfectious glomerulonephritis, rapidly progressive 
(crescentic) glomerulonephritis, Henoch-Sch6nlein purpura, 
hemolytic uremic syndrome, acute tubular necrosis, and 
renal trauma. Raised intracranial pressure, Guillain-Barré 
syndrome, burns, Stevens-Johnson syndrome, porphymia, 
poliomyelitis, encephalitis, drugs (e.g. sympathomimetic 
agents, steroids, cyclosporine), heavy metal poisoning 
(e.g. lead, mercury) and vitamin D intoxication may result 
in acute elevation of blood pressure. 


Definition and Staging 


The American Academy of Pediatrics (AAP) clinical 
practice guidelines for screening and management of high 
blood pressure in children and adolescents (2017) provide 
revised normative data on distribution of blood pressure 
in normal weight children. Hypertension is detined 45 
average systolic blood pressure (SBP) and/or diastoli¢ 
blood pressure (DBP) that is 95th percentile for age. S°° 
and height on three different occasions. Elevated blood 
pressure is defined as SBP or DBP that are 90th percentile 
but <95th percentile. Adolescents with blood pressut 
between 120/80 and 129/<80 mm Hg are also consider 

as having elevated blood pressure while hypertension iS 
defined by blood pressure >130/80 mm Hg in this ag° 
group. Children with blood pressure between the 95th 
percentile and 95th plus 12 mm Hg are classified as st48° 
I hypertension and children with blood pressure abov® 
95th plus 12 mm Hg have Stage II hypertensio™ 
Figures 16.46 and 16.47 indicate blood pressure cut off fo" 
stage I and stage II hypertension in girls and boys with 
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Table 16.22: Screening blood pressure cut-offs useful for screening for hypertension in children 


Age 7 2 3 4 5 6 7 8 9 10 17 12 >13 

Gids SPB 98 101 102 103 104 105 106 107 108 109 111 114 120 
DBP 54 58 60 62 64 67 68 69 71 72 74 75 80 

Boys SBP 98 100 101 102 103 105 106 107 107 108 110 113-120 
DBP 652 0655 —( i KCOt~«‘S~*é«C 68 69 #70 72) 75 —-80 


stature at median for age. Simplified tables, which can be 
used in office practice, to define patients who need 
evaluation are available (Table 16.22). Blood pressure cut- 
offs identifying children in the outpatient who need 
further evaluation are provided in Table 16.22. 


Measurement of Blood Pressure 


Blood pressure can be measured by auscultation, 
palpation, oscillometry and Doppler ultrasound. While 
oscillometric devices are readily available and easy to use, 
they are susceptible to artifacts and require calibration. 
Hence, the auscultatory method preferred for confirming 
the diagnosis of hypertension. Blood pressure should be 
measured after a period of adequate rest (3-5 min), twice 
on each occasion in the right arm in seated position. The 
stethoscope is placed over the brachial artery pulse, below 
the bottom edge of the cuff. An appropriate selection of 
cuffs is necessary (Table 16.23). Cuffs should have a 
bladder width of approximately 40% of the arm circum- 
ference midway between the olecranon and acromion. The 
bladder should cover at least two-thirds of the upper arm 
length and 80-100% of its circumference. 

The cuff is inflated rapidly to occlude the brachial artery 
(at least 20-30 mm Hg above expected SBP). The cuff is 
deflated slowly at the rate of 2-3 mm Hg per second while 
auscultating at the cubital fossa. Systolic pressure is 
indicated by the appearance of Korotkoff sounds (phase 
I) and diastolic pressure by its disappearance (phase V). 

Ambulatory blood pressure monitoring (ABPM) is a 
procedure where the child wears a device that records blood 
pressure at regular intervals (usually every 20-30 min), 
through a 24-hr period while the child performs regular 


Table 16.23: Recommended dimensions for 
blood pressure cuff bladders 


74, 
activities, including sleep. ABPM is more accurate in 
making a diagnosis of hypertension, and its parameters 
correlate more strongly with end orange damage, than 
casual blood pressure. ABPM is recommended in children 
with high risk of hypertension (chronic kidney disease, 
diabetes mellitus, obstructive sleep apnea, preterm 
children and children with obesity), where clinic blood 
pressure might be normal but ambulatory blood pressure 
is high (masked hypertension) or vice-versa (white coat 
hypertension). 


Clinical Features 


Hypertension in children is usually asymptomatic unless 
blood pressures are high or sustained. Symptoms are 
common with secondary hypertension. Headache, 
dizziness, irritability, epistaxis, anorexia, visual changes 
and seizures occur with significant elevations of blood 
pressure. Marked increase in blood pressure may result 
in cardiac failure, pulmonary edema and renal 
dysfunction. Hypertensive encephalopathy presents with 
vomiting, ataxia, stupor and seizures. Hypertensive crisis 
may present with decreased vision, symptoms of 
encephalopathy, cranial nerve palsies, cardiac failure and 
rapid worsening of renal function. Eye examination shows 
papilledema or retinal hemorrhages. Subclinical target 
organ injury may occur in asymptomatic children and 
include left ventricular hypertrophy, increased carotid 
intima media thickness, retinopathy and microalbuminuria. 
Children with chronic renal disease present with polyuria, 
polydipsia, pallor, weight loss and growth retardation. 


Evaluation 


Children with confirmed hypertension need evaluation 
to identify potential causes, identify comorbidities and 


Age group Width (cm) Length (em) Maximum arm extent of target organ damage. Patients require a detailed 
circumference (cm) history and physical examination. The history should 
N 8 10 include sleep and treatment history, smoking and alcohol 
encom ‘i 15 intake, drug abuse and family history (early cardiovascular 
infant ° iS diseases, hypertension, diabetes, dyslipidemia or renal 
Child 9 18 ee diseases). The birth history and growth patterns are 
Small adult 10 24 26 elicited. Examination should focus on identification of 
Adult 13 30 34 pallor, edema, syndromic facies, ambiguous or virilized 
Large adult 16 38 44 genitalia, rickets, goiter, and skin changes (café au lait 
=: 52 spots, neurofibromas, rash, striae). Examination of eyes 
ve a a is done for proptosis, extraocular muscle palsies and 
Maxi ch that the largest arm ; . -< done for 
tie wa a0 eee aaa jouet 80% (Adapted from fundal changes. Detailed examination is 


Ourth Task Force report) 


asymmetry of peripheral pulses, upper and lower limb 
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blood pressures, cardiomegaly, heart rate, cardiac rhythm 
abnormalities, murmurs and pulmonary edema. 
Abdominal examination may show hepatomegaly, 
abdominal mass or epigastric or renal bruit. 

Laboratory evaluation includes estimation of blood 
levels of creatinine and electrolytes and urinalysis. Renal 
ultrasound may identify a mass, scars, congenital 
anomalies or disparate renal size. The evaluation of 
comorbidities requires fasting lipid profile and glucose 
levels to identify dyslipidemias, metabolic syndrome and 
diabetes mellitus. Children with history of sleep- 
disordered breathing may benefit from polysomnography. 
An echocardiogram is used to identify left ventricular 
hypertrophy and screen for coarctation of aorta. Children 
with suspected renovascular hypertension are 
investigated by Doppler studies or angiography. 
Investigations like plasma renin and aldosterone, plasma/ 
urine steroid levels and plasma/urine catecholamines are 
rarely required. 


Treatment 


The treatment of hypertension in children and adolescents 
has two components, therapeutic lifestyle interventions and 
pharmacotherapy. Weight reduction, increased physical 
activity and dietary interventions are the major therapeutic 
lifestyle interventions. Weight reduction in overweight 
children results in significant reduction of blood pressure, 
and decreases other cardiovascular risk factors like 
dyslipidemia and insulin resistance. Current physical 
activity recommendations for children include 30 to 60 
minutes per day at least 3 to 5 days per week or more of 
moderate intensity aerobic exercise plus limitation of 
sedentary activity to less than 2 hours per day. Children 
with hypertension may benefit from a dietary approach to 
stop hypertension (DASH) diet which incorporates 
increased intake of fresh fruits and vegetables, fiber, non- 
fat dairy and whole grain as well as a reduction in sugar 
and salt consumption. The recommendation for adequate 
sodium intake is 1.2 g/day for children 4 to 8 years old and 
1.5 g/day for older children. 

Children with symptomatic essential hypertension, 
hypertension associated with chronic kidney disease, 
diabetes-associated hypertension, evidence of target-organ 
damage (left ventricular hypertrophy), or failed non- 
pharmacologic interventions require pharmacologic 
therapy. Agents approved for management of hypertension 
include angiotensin-converting enzyme (ACE) inhibitors, 
angiotensin receptor blockers (ARB), beta blockers, 
calcium channel blockers and diuretics (Table 16.24). ACE 
inhibitors, calcium-channel blockers and thiazide diuretics 
should be used as first-line drugs in children. ACE 
inhibitors or ARB are preferred in patients with diabetes 
or chronic kidney disease, however, these agents should 
be used carefully in girls of childbearing age due to risk 
of injury to the developing fetus. 
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al of therapy for children and adolescents with 
hypertension is to reduce blood pressure below 90th 
percentile and <130/80 mm Hg in adolescent, EXCept jp 
presence of chronic kidney disease, where or target Organ 
damage, when the goal is to reduce blood Pressure to legs 
than 50 to 75th percentile. Pharmacotherapy is done ing 
stepped-care approach and usually starts with a low dose 
of a single agent (step 1). If blood pressure control is no} 
achieved, the dose is titrated 4-6 weeks until bloog 
pressure goals are achieved or the maximum dosage fo, 
the drug is reached (step 2). If adequate blood pressure 
control is not achieved with a single agent, a second agent 
with a complementary mechanism of action should be 
added and dose titrated until adequate control or dosage 
limit is reached (step 3). If adequate blood pressure contro] 
is not achieved with a two-drug regime, a third agent from 
a different drug class should be added (step 4). 

In the case of hypertensive emergencies, the safest way 
is to lower blood pressure up to ~95th percentile by using 
a medication that is administered by continuous 
intravenous infusion in an intensive care unit. In general, 
the pressure should be reduced by up to 25% over the 
first 8 hours (10% in the first hour), followed by remainder 
planed reduction over next 12-24 hours. Too rapid a 
reduction in blood pressure may lead to cerebral ischemia. 
Drug choices include labetalol, nicardipine and sodium 
nitroprusside. Nicardipine is preferred in children due to 
its efficacy and safety, but is not easily available 
(Table 16.25). Many patients in hypertensive crisis are 
volume depleted because of a combination of decreased 
oral intake and pressure natriuresis. Volume repletion in 
such conditions will help restore tissue perfusion and 
prevent a precipitous fall in blood pressure that may occur 
with intravenous antihypertensive therapy. 


The go 


Prevention 


Prevention of high blood pressure in children can be 
achieved by preventing childhood obesity. Regular 
physical activity, consumption of fruits and vegetables, 
moderate salt intake and limited consumption of 
processed food items and animal fats, and reducing 
sedentary activities will aid in lowering the prevalence of 
high blood pressure in children. 


suggested Reading 


* National High Blood Pressure Education Program Working Group 
on High Blood pressure in Children and Adolescents. The fourth 
report on the diagnosis, evaluation and treatment of high blood 
pressure in children and adolescents. Pediatrics. 2004;114(2 SupP! 
4th Report): 555-76, 

Raj M, Sundaram KR, Paul M, Deepa AS, Kumar RK.,Obesity 2 
children - time trends and relationship with hypertension, Nat 
Med J India, 2007;20:288-93, 


PULMONARY ARTERIAL HYPERTENSION 


Pulmonary arterial hypertension (PAH) is defined 4° 
resting mean pulmonary arterial pressure greater than 
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| _ Table 16.24: Dosage of common antihypertensive medications for outpatient management 


Agents Dose; frequency Comments 
ACE Inhibitors, angiotensin receptor blockers 
Captopril 0.3-6 mg/kg/day; tid Use cautiously if GFR <30 mL/min/1.73 m*; avoid in renal artery 
Enalapril 0.1—-0.6 mg/kg/day; qd or bid stenosis 
Lisinopril 0.06-0.6 mg/kg/day; qd Use smaller doses in neonates 
Ramipril 6 mg/m?; qd Monitor serum potassium, creatinine regularly 
irbesartan 4—5 mg/kg/day Hyperkalemia, impaired renal functions; anemia, 
Losartan 0.7—-1.4 mg/kg/day; ad neutropenia, dry cough infrequent 
—Caicium channel blockers 
Amlodepine 0.05-0.5 mg/kg/day; ad-bid Extended release nifedepine must be swallowed whole 
Nifedipine (extended 0.25-3 mg/kg/day; qd-bid release) Side effects: Headache, flushing, dizziness, tachycardia; lower 
Isradipine 0.15—0.8 mg/kg/day; tid extremity edema, erythema 
Beta-blockers 
Atenolol 


0.5-2 mg/kg/day; qd or bid 
Metoprolol 1-6 mg/kg/day; bid 
Labetalo! 10—40 mg/kg/day; bid or tid 


Decrease dose by 50% at GFR <50 mL/min/1.73 m?; give on altemate 
days at GFR <10 mL/min/1.73 m*; sleep disturbances with 


propranolol, metoprolol; hyperlipidemia; avoid in asthma, heart 


failure; blunt symptoms of hypoglycemia 
Alpha agonists 


Clonidine 9-25 yg/kg/day; tid or gid Abrupt cessation may cause rebound hypertension; sedation 

Prazosin 0.05-0.5 mg/ka/day; bid or tid May cause ‘first dose’ hypotension, syncope 

Vasodilators 

Hydralazine 1-8 mg/kg/day; gid Hypertension refractory to other drugs; 

Minoxidil 0.1—1 mg/kg/day; ad or bid Side effects: Headache, palpitation, fluid retention, congestive heart 
failure; pericardial effusions and hypertrichosis with minoxidil 

Diuretics 

Furosemide 0.5-6 mg/kg/day; ad or bid Monitor electrolytes, fluid status periodically 

Spironolactone” 1-3 mg/kg/day; qd or bid Thiazides: Dyslipidemia, hyperglycemia, hyperuricemia, hypokalemia, 

Metolazone 0.2—0.4 mg/ka/day; ad hypomagnesemia 

Hydrochlorothiazide 1-3 mg/kg/day; qd Loop diuretics: Metabolic alkalosis, hypokalemia, hypercalciuria 

Amiloride* 0.4—0.6 mg/kg/day; qd 


“Use cautiously with ACEI, angiotensin receptor blockers 
qd: Once daily; bid: Twice daily; tid: Thrice daily; gid:Four times qd 


; Table 16.25: Antihypertensive agents for management of severe hypertension 
Medication Onset Duration of Route Dose 


Side effects 
effect 
Sodium 30 sec <10 min IV infusion 0.5-8 pg/kg/min (made Nausea, vomiting, headache, tachycardia, 
nitroprusside in 5% dextrose) cyanide toxicity (dizziness, confusion, 
seizures, jaw stiffness and lactic acidosis) 
Labetalol 510 min 3-6hr IV infusion 0.25-3 mg/kg/hr Orthostatic hypotension, bradycardia, 
IV bolus 0.2-1 mg/kg/dose q pallor, abdominal pain, diarrhea 

5-10 min (max 40 mg) 
Nicardipine 140min 3hr IV infusion  0.5-—4 pg/kg/min (max Flushing, reflex tachycardia, phlebitis, 

5 mg/hr) 


nausea, increased intracranial pressure, 
1V bolus 30 pg/kg (max 2 mg/ headache 


dose) q 15 min 


Nitroglycerine 2-5 min 5-10 min _ IV infusion 1-3 1g/kg/min Methemoglobinemia, headache, tachycardia 





Phentolamine 10 min 30-60 min IV bolus 0.1-0.2 mg/kg (max Reflex tachycardia, abdominal pain 
5 mg) q 2-4 hr if required 

Nifedipine 10-30 min 1—4hr Oral 0.2-0.5 mg/kg (max Excessive hypotension, peripheral edema 
10 mg) q 4 to 6 hr 

Clonidine 15-30 min 2—4hr Oral 0.05-0.1 mg/dose, may Somnolence, dry mouth 


repeat q hr; max 0.8 mg 
total dose 
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25 mm Hg, or mean pulmonary artery pressure following 
exercise that exceeds 30 mm Hg. PAH occurs in an 
idiopathic form or in association with other etiologies. The 
condition is a critical determinant of morbidity and 
mortality in diverse pediatric cardiac, lung, hematologic, 
and other diseases, 


Etlology 


PAH may be associated with a number of congenital heart 
diseases. Idiopathic PAH is rare in children. In a small 
proportion, mutations in the bone morphogenetic protein 
receptor type 2 (BMPR2) gene, the activin receptor-like 
kinase type 1 (ACVRL1), or endoglin are identified. Other 
causes Of pulmonary hypertension in children include 
respiratory disease, upper airway obstruction, connective 
tissue disease and advanced liver disease (hepato- 
pulmonary syndrome). 


Persistent Pulmonary Hypertension of 
the Newborn (PPHN) 


At birth, pulmonary vascular resistance is high and it falls 
rapidly through the first week of life. By 6 to 8 weeks, 
pulmonary vascular resistance usually has reached a 
normal adult level of 1 to 3 Wood units. These changes 
are accompanied by dilation of the smaller and then the 
larger muscular pulmonary arteries and development of 
new arteries and arterioles. PPHN develops when 
pulmonary vascular resistance remains elevated after 
birth, resulting in right-to-left shunting of blood through 
fetal circulatory pathways. Common underlying 
conditions include congenital diaphragmatic hernia, 
meconium aspiration syndrome and perinatal asphyxia. 
These newborns require mechanical ventilation; those 
with underlying lung disease benefit from high-frequency 
oscillatory ventilation or extracorporeal membrane 
oxygenation (ECMO). Pulmonary vasodilators, such as 
inhaled nitric oxide, improve the outcome and reduce the 
need for ECMO. Sildenafil is increasingly used as an 
alternative to inhaled NO. 


Clinical Manifestations 


The clinical features of PAH are related to the degree of 
pulmonary hypertension, right ventricular function and 
status of the right ventricle. Most common symptom is 
exertional breathlessness due to the inability of the right 
ventricle to raise cardiac output with exercise. Other 
symptoms are hemoptysis, atypical chest pain, congestive 
heart failure, dizziness or syncope and arrhythmias. 
Cyanosis and its complications are seen in Eisenmenger 
patients but not otherwise unless there is a patent foramen 
ovale. A comprehensive evaluation is advised before a 
diagnosis of idiopathic PAH is made. It is essential to rule 
out cardiac (congenital heart disease), respiratory, upper 
airway obstruction (Down syndrome, adenoids), 
neurogenic causes (sleep apnea) and liver disease (porto- 
pulmonary hypertension). 


Management 


Supplemental low-flow oxygen alleviates arteria| 
hypoxemia in patients with chronic pulmonary disease 
Patients with Eisenmenger syndrome or idiopathic PAH 
do not exhibit resting alveolar hypoxia and do not require 
oxygen unless si enificantly hypoxic. Children with Severe 
right ventricular failure and resting hypoxemia may 
require continuous oxygen therapy. 


Diuretics are useful in patients with symptomatic right 
heart failure. The right ventricle is highly preload 
dependent, and care should be taken to avoid excessive 
diuresis since this can lead to a fall in cardiac output and 
compromise other pharmacologic measures, such as 
vasodilators. Patients are at higher risk of thromboembolic 
events due to sluggish pulmonary circulation and dilated 
right-sided cardiac chambers. Anticoagulants may have 
a role in select cases when the risk for thromboembolism 
outweighs the likelihood of hemoptysis. 

The goal of vasodilator therapy is to reduce pulmonary 
artery pressure and increase cardiac output without 
causing systemic hypotension. Sildenafil and tadalafil are 
oral phosphodiesterase inhibitors that prevent the 
breakdown of cGMP and potentiate pulmonary 
vasodilation with endogenous nitric oxide. Symptomatic 
patients with PAH, PPHN and postoperative PAH benefit 
with sildenafil. Oral endothelin-receptor antagonists, such 
as bosentan and ambrisentan, which are selective 
pulmonary vasodilators are promising for therapy of 
PAH. Prostacyclin analogs need to be administered IV or 
SC as a continuous infusion or through frequent 
inhalations, and are not available in India. Combined heart 
lung transplantation, or lung transplantation alone has 
been performed successfully in patients with PAH. 


Prognosis 


Prognosis is dictated by the underlying etiology and the 
right ventricular function. An overall 80% 5-years survival 
has been reported in patients with Eisenmenger syndrome 
compared with a 2-3-year mean survival after the 
diagnosis of idiopathic PAH. 


Suggested Reading 


* Abman SH, Ivy DD. Recent progress in understanding pediatric 
pulmonary hypertension. CurrOpinPediatr 2011;23:298-304. 
¢ Badesch DB, Champion HC, Sanchez MA, et al. Diagnosis and 


assessment of pulmonary arterial hypertension. J Am Coll Cardiol 
2009;54:S55-66. 


* Simonneau G, GatzoulisM, AdatiaA, et al. Updated clinical 


classification of pulmonary hypertension, J Am Coll Cardiol 2013, 
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RHYTHM DISORDERS 


The recognition of cardiac arrhythmias (Table 16.26) 2 
children is challenging and requires a high index # 
suspicion. It is important to arrive at a precise diagno®” 
since the treatment is dictated by the specific arrhythoue 


———— 
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In some situations, it may be possible to affect a complete 
cure. 


Clinical Features 


Irregular heart rate: The commonest cause of an irregular 
heart rate is physiological sinus arrhythmia. This can be 
recognized by an increase in heart rate with inspiration 
and decrease with expiration. Sinus arrhythmia is usual 
following a febrile illness and by drugs that increase vagal 
tone (such as digoxin). It is readily abolished by exercise. 
[regularities of rhythm are commonly seen in premature 
infants especially bradycardia associated with periodic 
apnea. Common causes of heart rate irregularity in 
children include atrial and ventricular premature beats 
and conduction disturbances (Table 16.27). 


Inappropriate heart rate: A heart rate that is inappropriately 
fast or slow for the clinical condition or physiological state 
should arouse the suspicion of an underlying arrhythmia. 
Inappropriately slow heart rate in a child with fatigue, 
giddiness or syncope should arouse the suspicion of 
complete heart block. Inappropriately fast rates suggest 
tachyarrhythmias such as SVT, 


Unexplained heart failure: Incessant arrhythmias such as 
ectopic atrial tachycardia (EAT), permanent junctional re- 
entrant tachycardia (PJRT) and some forms of ventricular 
tachycardia can present as heart failure. At the time of 
initial evaluation, the heart rates may not be inappropriate 
for the degree of heart failure. Diagnosis may be missed 
and requires a high index of suspicion. These conditions 
should be considered in the differential diagnosis of 


| Table 16.26: Clinical features in arrhythmias 
Irregular heart beat 

Heart rate that is inappropriate for the clinical condition 
Unexplained heart failure 

Syncope, palpitations, chest discomfort 

Underlying cardiac anomaly known to be associated with 
rhythm disorders 

Family history of sudden cardiac events 


Table 16.27: Causes of irregular heart beat 
Sinus arrhythmia 
Other common and usually benign causes 


Supraventricular (atrial and junctional) premature beats 
Ventricular premature beats 

Transient conduction disturbances (Wenckebach type), 
atrioventricular and sinoatrial blocks 

Transient bradycardia in a premature infant 
Uncommon but potentially serious causes 

Mobitz type II heart block 
Ectopic atrial tachycardia; multifocal atrial tachycardia 
Polymorphic ventricular tachycardia and Torsades 
Atrial fibrillation, with or without WPW syndrome 

Atrial flutter with variable conduction 


childhood dilated cardiomyopathy, especially ifthe heart 
rate is relatively fixed. 

Underlying conditions: A number of congenital and 
acquired heart diseases and certain systemic conditions 
are known to be associated with cardiac arrhythmias 
(Table 16.28). Ventricular and supraventricular arrythmias 
can follow cardiac surgery for correction of CIID, 
Operations resulting in scar formation in the right 
ventricle, such as repair of tetralogy of Fallot, are known 
to be associated with ventricular tachycardia. The Fontan 
operation for single ventricle physiology or the Senning 
or Mustard procedure for transposition is known to result 
in a particularly high incidence of re-entrant atrial 
arrhythmias. Organophosphate exposure, tricyclic anti- 
depressant overdose, digoxin toxicity, antiarrhythmic 
drug treatment and substance abuse can be associated 
with a variety of arrhythmias. 


Syncope: The commonest cause of syncope in children is 
mediated via the autonomic nervous system, known as 
the neurocardiogenic syncope or vasovagal syncope. A 
fraction of syncopal episodes result from cardiac 
arrhythmias. Life-threatening ventricular tachycardia (VT), 
as associated with long OT syndrome characteristically 
results in syncope. It is important to differentiate them 
from vasovagal episodes. Vasovagal syncope occurs in 
specific situations like prolonged standing in a hot 
environment, sight of blood, painful stimulus, emotional 
stress or following a recent illness. Syncopes secondary 
to arrhythmia are sudden, unpredictable, paroxysmal and 
usually have no predisposing cause or premonition. 
Duration of syncope depends upon the duration of 


Table 16.28: Arrhythmias suggestive of 
specific congenital heart disease 


Sick sinus syndrome 
Sinus venosus, atrioventricular canal defect, Holt Oram 
syndrome with atrial septal defect (ASD) 


Narrow QRS tachycardias 
Ebstein anomaly; corrected transposition with Ebstein 
anomaly 
Atrioventricular canal defect, ASD, pulmonic stenosis, total 
anomalous pulmonary venous connection, tricuspid atresia 


Atrial fibrillation and flutter 
Congenital mitral stenosis, total anomalous pulmonary 
venous connection, coronary AV fistula 


WPW and pre-excitation syndromes 
Ebstein anomaly; corrected transposition with Ebstein 
anomaly 


Wide QRS tachycardias 
Anomalous left coronary artery from pulmonary artery, 
coronary AV fistula, arrhythmogenic right ventricle, atrio- 
ventricular conduction defects, corrected transposition of 
great arteries; Ebstein anomaly 


Postoperative patients 
Supraventricular, ventricular arrhythmias 


jo 
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Modality 


arrhythoia, Some forms of long QT syndromes and 
catecholaminergie Waehyeardia are precipitated: by 
evercise, Ventricular tachycardia secondary lo Brugada 
syndrome may be precipitated during febrile fess, 
Synevpe during exertion is potentially serious and may 
suggest specifie arrhythinic substrates such as 
catechalaminergic ventricular tachyeardla and long QT 
syndrome, 


Palpitations and chest discomfort: Older children may 
complain of episodic palpitations, Not tifrequently, they 
have a sensation of chest discomfort or pain during 
tachyarrhythmia, 


Basic Electrophyslology Concepts 


Arrhythmia that originates at or above the bundle of 
His has narrow QRS morphology; that below this level 
(Purkinje fibers, ventricular muscles) have wide QRS 
morphology, Majority of tachycardia in children are 
regular, Common irregular tachycardias are ectopic 
atrial tachycardia, multifocal atrial tachycardia, atrial 
flutter with varying conduction, atrial fibrillation (rare 
in children) and ventricular fibrillation. During a 
regular narrow QRS tachycardia, if a P wave is 
identified and has normal morphology, axis and 1:1 P 
and QRS relation, it suggests sinus tachycardia, Absence 
of any of the three suggests supraventricular 
tachyarrhythmia. 


Re-entrant vs automatic tachyarrhythmias: Tachyarrhy- 
thmia is generally considered to result from one of the 
three mechanisms: Re-entry, increased automaticity and 
triggered activity. In children, the first two mechanisms 
account for most important arrhythmias. Clinical and EKG 
features together with response to certain medications and 
maneuvers help distinguish re-entrant tachyarrhythmia 
from those due to increased automaticity. Re-entrant 
arrhythmias characteristically have a relatively sudden 
onset and termination. Successful termination with DC 
cardioversion or overdrive pacing (pacing at rates faster 
than the arrhythmia rate) strongly suggests a re-entrant 
mechanism, Automatic arrhythmias characteristically 
have a relatively slow onset. Gradual acceleration (warm- 
up) to the peak rates may be demonstrable at onset and 
gradual deceleration (cool down) at termination is seen. 


Indication 
Atropine 


Isoproterenol 


Transcutaneous 
pacing children) 
Transvenous 
pacing 


Severe sinus bradycardia, AV block with narrow QRS (supraventricular) escape 
Lack of response to atropine, AV block with wide QRS (ventricular) escape 


Severe symptomatic bradycardia, asystole (not suitable for infants, young 


Alternative to transcutaneous pacing for infants and young children 
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Diagnostic Workup of Suspected Arrhythmia 


Attempts should be made to answer all the questions listeg 
+ Table 16.29. This will allow the specific treatmen, 
strategy to be initiated. A 12-lead EKG should be obtained 
and cardiac rhythm monitoring should be initiated a, 
quickly as possible. 


Management of Hemodynamic Instability 


xtreme hemodynamic instability is relatively rare jp 
childhood arrhythmias, particularly in absence of struc. 
tural heart disease. Hemodynamic instability necessitates 
emergency treatment. Most unstable tachyarrhythmias are 
broad QRS. Unstable narrow QRS tachycardias are quite 
uncommon, especially in the absence of structural heart 
disease. Low energy (0.5-2 J/kg) synchronized DC 
cardioversion should be performed. If and when possible, 
cardioversion should always be preceded by administra- 
tion of a short-acting benzodiazepine such as midazolam 
(0.1-0.2 mg/kg/dose). Emergency treatment options for 
bradyarrhythmia are shown in Table 16.30. 


Diagnosis and Management of Tachyarrhythmia 


A combined strategy that simultaneously addresses both 
diagnosis and treatment is appropriate. This is determined 
by the QRS duration on the initial EKG and presence or 
absence of hemodynamic instability. Based on the QRS 
duration, arrhythmias can be classified as narrow and 
wide. This is a useful practical classification and serves as 
an excellent guide to initial treatment. Age specific normal 
values for QRS duration are given in Table 16.31. Asa 
preliminary step, sinus tachycardia should be excluded. 
Rates as high as 240/min are occasionally recorded during 
sinus tachycardia. There is always an underlying cause 
for sinus tachycardia and this is usually apparent during 


Table 16.29: Initial assessment of arrhythmia 
Can the clinical condition result from a cardiac arrhythmia? 
Is there hemodynamic instability? 


Is the arrhythmia incessant or episodic? 


Is this a re-entrant arrhythmia or does it involve an automatic 
focus? 


Where is the arrhythmic focus or circuit located? 
Is there an underlying structural heart disease? 


Table 16.30: Emergency treatment for bradyarrhythmias 


Dose 

0.02 mg/kg IV bolus 
0.1-2 pg/kg/min 

IV infusion 


Twice the capture 
threshold 
Twice the capture 
threshold 
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/ Table 16.31: Normal QRS duration at various age groups ts Table 16.32: Causes of narrow ORS tachycardia 
Age group QRS duration in seconds Site Re-entrant arrhythmias Automatic armhythmias 
0-6 months 0.03-0.07 (0.05) Sinus node Sinus node re-entry Sious tackycarete 
Atrium Intra-atrial re-entrant Ectopic atria 
Bt ic peg eek tee arrhythmias following —_ tachycardia 
1G 0.04-0.09 (0.07) cardiac surgery Multifocal atrial 
eis. yenrs 0.06-0.09 (0.08) (Fontan, Senning tachycardia 
| Values represent range (mean) operations) 
Atrial flutter 








Atrial fibrillation 
AV node AV node re-entry Junctional ectopic 


tachycardia 
Accessory Atrioventricular 
Failure of the tachycardia to 2 . 
terminate after adenosine pathway re-entry involving : 
concealed or manifest 
(WPW) pathway 
ta olan Ectopic atrial Permanent junctional 
Cc j ; 
pee Been re-entrant tachycardia 


Treat the cause Beta blockade, 


Stable narrow QRS tachycardia _ 


adenosine 140 g/kg bolus 







Sudden 
termination 


digoxin, preliminary diagnostic workup (Table 16.33). If a patient 

Digoxin amiodarone is seen during an episode of tachyarrhythmia, all attempts 
beta blockade, should be made to obtain quality data before terminating 
amiodarone | the arrhythmia. Information that should be specifically 


) Fig. 16.48: Management algorithm for stable narrow QRS sought includes the F'wave morphology ang EES 
| tachycardia. AVNRT atrioventricular nodal re-entrant ‘Telationship. P waves that appear normal during the 

tachycardia; AVRT atrioventricular re-entrant tachycardia tachyarrhythmia suggest sinus tachycardia. Ectopic atrial 
tachycardia is suggested by abnormal P wave morphology. 
Inverted P waves may be seen when atria are activated in 
a retrograde fashion as in the case of re-entrant 
substances are common examples. Figure 16.48 depicts a tachyarrhythmia involving accessory pathways (AV re- 
useful treatment algorithm, entrant tachycardia) (Fig. 16.49). Often P waves are not 
Narrow QRS tachycardia: Mostnarrow QRS tachycardias _— clearly seen on baseline EKG but are unmasked by 
(Table 16.32) are reasonably well tolerated and allow a _ adenosine. Evidence of 2:1 AV conduction as suggested 


the initial evaluation. Fever, circulatory failure, extreme 
dehydration, accidental ingestion of drugs and toxic 





ae T 7 re Table 16.33: Differential diagnosis of narrow QRS tachycardia 
Arrhythmia P waves P-QRS relationship Response to adenosine 
' Sinus tachycardia Normal 1:1 Transient slowing; AV block 

Sinus node-entry Normal Usually 1:1 No effect or transient AV block 

Ectopic atrial tachycardia Abnormal and different Usually 1:1 No effect or transient AV block 
from baseline 

Atrial flutter Saw tooth appearance 2:1 or 1:1 Transient AV block may unmask flutter 
rates exceed 240/min waves; rarely arrhythmia terminates 

Postoperative intra-atrial Slow atrial flutter, P waves —- Variable, often 1:1 Transient AV block may unmask flutter 

re-entry" different from baseline waves; rarely arrhythmia terminates 

Multifocal atrial tachycardia Multiform Usually 1:1 No effect or transient AV block 

Junctional ectopic tachycardia | Normal (AV dissociation) Complete AV No effect on rate; transient retrograde VA 
or inverted (1:1 retrograde dissociation is conduction block unmasks AV 
conduction) diagnostic dissociation 

AV nodal tachycardia Usually not visible (masked 1:1 Sudden termination is characteristic 
by RS complexes) 

AV re-entrant tachycardia Inverted (retrograde VA 1:1 Sudden termination 

conduction) 
Junctional re-entrant Inverted (long VA A 
: No effect or transient terminati 
lachycardia conduction time) li 


Postoperative intra-atrlal re-entry may follow surgery that results in atrial scarring, e.g. Fontan operation, Senning operation 


=F 

















Fig. 16.49: Six-lead ECG. Adenosine was administered to a 
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child with regular narrow QRS supraventricular tachycardia, Note the 
tachycardia terminates with a P wave. Note delta waves with short PR Interval that Is prominently seen in lead | 


by a 2:1 P-QRS ratio during a narrow QRS tachycardia 
indicates atrial flutter (Fig. 16.50). Evidence of complete 
AV dissociation (no consistent P-QRS relationship) 
indicates junctional ectopic tachycardia. 


Adenosine administration acts by producing a marked 
slowing of AV node conduction (Table 16.33). The effect 
of adenosine lasts for a few seconds. Side effects are short- 
lived and include flushing, chest pain and dyspnea. 
Adenosine needs to be administered rapidly followed by 
rapid push of normal saline as a bolus. The recommended 
dose is 50-300 pg/kg. Most re-entrant tachycardias, where 
AV node is a part of the circuit (AV node re-entrant 
tachycardia, AV re-entrant tachycardia), will be terminated 
by adenosine. Atrial flutter is seldom terminated by 
adenosine. The transient AV block that results from 
adenosine administration can unmask flutter waves on 
the EKG thereby confirming the diagnosis (Fig. 16.51). 
Similarly transient slowing of AV conduction can unmask 
ectopic atrial tachycardia. If adenosine is not available, 
vagal maneuvres can be attempted. For infants and young 
children, an ice filled plastic bag placed on the face is the 
most effective vagal maneuver. Older children can be 
encouraged to perform the Valsalva maneuver or carotid 


sinus massage can be attempted. Eyeball pressure is 
contraindicated in infants. 


Wide QRS tachycardia: Wide QRS complex tachycardias 
usually result from foci or circuits in the ventricles. Some 
supraventricular tachycardias can also result in a wide 
QRS configuration. The overall approach is quite similar 
to narrow QRS tachycardias, with identification of P 
waves, defining P-QRS relationship and determining the 
QRS axis configuration (Fig. 16.52). 

Demonstrable AV dissociation (inconsistent P-QRS 
relation) suggests ventricular tachycardia (VT). In most 
situations, however, it is not easy to distinguish VT from 
SVT. If the patient is stable, administration of adenosine 
will terminate or unmask SVT. If there is no response, 
treatment for VT should be initiated. In stable patients, it 
is better to initiate pharmacologic treatment of VT before 
considering cardioversion since the response to initial 
treatment can help decides long-term therapy. Lignocaine 
is the initial choice; Procainamide is an effective 


alternative; others include amiodarone, sotalol, mexeletine 
and flecanide. 


Unstable wide QRS tachycardia: Wide QRS tachycardia 
with hemodynamic instability is a medical emergency: 
Synchronized cardioversion (0.5-2 J/kg) should be 
performed immediately. For pulseless patients, 

Should be initiated. Subsequent treatment should follow 


standard guidelines recommended for pulseless patients 
with VT (Fig. 16.53). 
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Fig. 16.50: Atrial flutter: Regular narrow QRS tachycardia at a heart rate of 150/min. Heart rate was fixed at 150/min for several 
hours that was suggestive of underlying arrhythmia. P waves were abnormally broad and tall 
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Fig. 16.52: Wide QRS tachycardia resulting from a re-entrant 
circuit Involving an accessory pathway in a patient with right 
bundle branch block. Surface ECG, can be mistaken for 
ventricular tachycardia. ECG of the top two rows has been 
obtained directly from the atrium using postoperative atrial wires 
as electrodes. The bottom strip is the surface ECG from a 
monitoring lead. Conversion to sinus rhythm after adenosine is 


seen in the last four complexes on the right. a artial contraction, 
P p wave 


Wide QRS tachycardia 









Unstable 


«If 1:1 P-QRS relation, try adenosine 

- If AV dissociation IV lignocaine 
1 mg/kg or IV amiodarone 45 mg/kg 

¢ If no response, DC shock 





CPR = Cardiopulmonary resuscitation 


Fig. 16.53: Management of wide QRS tachycardia 


Irregular wide QRS tachycardia: Sustained and irregular 
wide ORS tachycardia is uncommon and usually suggests 
a diagnosis of Wolf-Parkinson-White (WPW) syndrome 
with atrial fibrillation. In presence of hemodynamic 
instability, synchronized cardioversion (1-2 J/kg) is 
indicated. If the patient is stable, procainamide infusion 
may be tried. 

Once the arrhythmia has been managed, recurrences 
need to be prevented. Most childhood arrhythmias 
warrant evaluation by a pediatric cardiologist for follow- 
up care and to plan definitive treatment. An echo- 
cardiogram, Holter test (24 hours ambulatory EKG 
recording) and esophageal electrophysiologic study is 
often required. Invasive intracardiac electrophysiologic 
study is combined with radiofrequency (RF) ablation. 
Most accessory pathways are now treated by radio- 
frequency ablation, especially in older children (>4-year- 


old). For younger children, RF ablation is reserved for 
refractory situations, 
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PREVENTING ADULT CARDIOVASCULAR DISEASE 


Major risk factors for cardiovascular disease in adulthoog 
are cigarette smoking, physical inactivity, obesity 
hypertension, diabetes mellitus and dyslipidemia. Som, 
of these risk factors begin in childhood and are amenable 
to modification, contributing to primary prevention of 
cardiovascular disease. 


Obesity: Obesity influences major cardiovascular ris, 
factors such as dyslipidemia, hypertension, glucose 
intolerance and inflammation. Emerging cardiovascular 
risk factors like carotid intima media thickness as well as 
carotid elasticity has also shown strong association with 
childhood obesity. Childhood obesity is managed by a 
combination of increased physical activity and dietary 
interventions. 


Hypertension: Primary or essential hypertension is the 
most common form of hypertension in older children and 
adolescents. Childhood obesity is associated with 
hypertension in children, which often tracks into adulthood. 


Dyslipidemia: Screening for dyslipidemia is recommended 
for children whose parents and/or grandparents required 
coronary artery bypass-surgery or balloon angioplasty 
before 55 years, those with family history of myocardial 
infarction, angina pectoris, peripheral or cerebrovascular 
disease, or sudden death before 55 years, and those whose 
parents have dyslipidemia. Youth with dyslipidemia are 
treated with a diet low in total and saturated fats and 
cholesterol. The intake of complex carbohydrates is 
increased, whereas that of simple sugars is decreased. 


Drug therapy is used in patients with significantly 
elevated LDL-cholesterol. 


Diabetes mellitus: Diabetes mellitus is associated with 
cardiovascular complications, which develop early in 
childhood and adolescence. Endothelial dysfunction seen 
in both types of diabetes is recognized to aggravate 
cardiovascular risk in later life. Optimal daily and long: 
term glycemic control, maintenance of blood pressure and 
lipid levels in the normal values for age, regular exercise, 
healthy diet and avoidance of smoking are necessary. 


Tobacco consumption: Mechanisms by which smoking 
exerts its detrimental effects on cardiovascular system 
include endothelial dysfunction, increased oxidative 
stress, increased arterial stiffness, alterations in lipoprotein 
metabolism and induction of prothrombotic state. School- 
based campaigns to prevent smoking and chewing tobacc? 
are appropriate tools to contain this public health conce™: 
Parents should be role models to children by avoiding of 
quitting smoking and chewing tobacco. 

Early atherosclerotic disease has been documented " 
certain conditions in children. The risk category, grouP © 
diseases in each category and the prevention oriente 
treatment targets are Shown Table 16.34. 
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sehr Table 16,34: Pediatric diseases with high cardiovascular risk in 
Category Diseases Prevention oniented targets . 
Tier | (high risk) Homozygous familial hypercholes- Ihairtain body mass index (BAN) <25th centile; Dood pressure 
lerolemia (FH); diabetes mellitus <90th centile; and LDL cholesterol (LDL-C) <106 mg/cL 


type 1; chronic kidney disease; post- 
heart transplantation; Kawasaki disease 
with current coronary aneuryems 
Tier Il (moderate risk) Heterozygous FH: Kawasaki disease fAairtain BI) <oth centile, blood pressure <SEth centile; and 
with regressed coronary aneurysms, LDL cholesterol <130 mg/dL 
diabetes mellitus type 2; chronic 
inflammatory disease 
Tier II! (at risk) Post-cancer-treatment survivors; Maintain BIAI <95th centile; hood pressure <95th centle plus 
congenital heart disease; Kawasaki 5 mm Hg; and LDL-C <160 mg/dL 
disease without detected coronary 
involvement 


All tiers require maintaining fasting blood sugar <100 mg/dL and gtycosylated hemogionin (HDAIc) <7%. 


Suggested Reading 


1. RajM. Obesity and cardiovascular risk in children and adolescents. 
Indian J Endocrinol Metab 2012; 16:13-19., 


2. Raj M, Sundaram KR, Paul M, et al. Obesity in duldrex ime trends 
and rdationship with hypertension. N2d Med J [udia 2007, 2056-43. 
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Disorders of Kidney and 


Urinary Tract 


RENAL ANATOMY AND PHYSIOLOGY 


Each kidney is composed of approximately a million 
nephrons, each consisting of a glomerulus, and renal 
tubule. The glomerulus is made of a tuft of capillaries and 
a central region of mesangium. The capillaries arise from 
the afferent arteriole and join to form the efferent arteriole. 
The capillary wall consists of fenestrated endothelium, 
glomerular basement membrane and foot processes 
(podocytes) of visceral epithelial cells. The basement 
membrane is made of type IV collagen, laminin and 
heparan sulfate proteoglycan. The Bowman space leads 
into the proximal tubule that has an initial convoluted 
portion, then the straight segment, descending and 
ascending limbs of the loop of Henle and the distal tubule 
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(Fig. 17.1). Six to eight distal tubules join to form the 
collecting ducts that finally enter the renal pelvis. 


The early part of the distal tubule on its ascent from the 
medulla to the cortex lies near the glomerulus of the same 
nephron. The cells of the tubule in contact with the afferent 
arteriole are denser than the rest and called macula densa, 
The smooth muscle cells of the afferent arteriole, in this 
region, contain prominent cytoplasmic granules that are 
the site of renin activity. The juxtaglomerular apparatus 
(JGA) is composed of afferent and efferent arterioles, the 
macula densa and lacis cells located between these 
structures. The JGA is involved in systemic blood pressure 
regulation, electrolyte homeostasis and tubuloglomerular 
feedback. 


Connecting tubule 


K* Na* 
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Fig. 17.1: Renal tubular handling of sodium and potassium. The major sites of reabsorption are shown, with percentage of fittet 
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renal Physiology 


Glomerular filtration depends upon the higher pressure 
in afferent arterioles. The filtration barrier is constituted 
by the endothelium with slit pores, basement membrane 
and podocytes of viscera] epithelial cells. Filtration of 
solutes depends upon their molecular size, shape and 
electrical charge. The filtrate from the glomerular 
capillaries Passes from the Bowman capsule into the 
proximal convoluted tubule, loop of Henle, distal tubule 
and collecting ducts. The filtrate contains all the diffusible 
and ultrafiltrable Substances present in plasma. Small 
quantities of protein are usually present, but are reabsor- 
bed in proximal tubule. Bulk of the glomerular filtrate is 


reabsorbed into the peritubular capillaries and only 0.5% 
is excreted as urine. 


Tubular Reabsorption 


The proximal tubules reabsorb about 80% of the glome- 
rular filtrate. Approximately 65% of sodium is reabsorbed 
in the proximal tubule, through several active transport 
systems. Sodium transport is dependent on the parallel 
transport of bicarbonate, chloride, amino acids and 
glucose. Tubular reabsorption of sodium and other 
permeable solutes is promoted by the phenomenon of 
solvent drag during transport of water across the tubular 
epithelium. Figure 17.1 indicates the principal sites of 
reabsorption of sodium and potassium. 

The glomerular filtration rate is regulated by tubulo- 
glomerular feedback that depends upon the functional 
integrity of the JGA. Increased delivery of chloride to the 
macula densa results in local activation of renin—angio- 


Tubular lumen 
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Proximal tubular epithelial cell 


tensin mechanism. The renin-angiotensin-aldosterone 
system, prostaglandins and natriuretic peptides are 
involved in sodium handling. Potassium is completely 
reabsorbed in the proximal tubule; the amount seen in 
urine depends upon its secretion in the distal tubule. 

Distal tubules and collecting ducts are responsible for 
urinary acidification, concentration and regulation of 
sodium balance. Exchange of potassium or hydrogen ions 
for sodium takes place in the distal tubules under the 
regulation of aldosterone. Antidiuretic hormone mediates 
absorption of water through insertion of “water channels’ 
(aquaporins) on the luminal surface of cells in the 
collecting tubules. 


Renal Acidification 


The kidney helps in regulation of acid-base balance by 
maintaining plasma bicarbonate concentration at 22-26 
mEq/L. Depending on dietary protein intake, children 
produce about 1-3 mEq/kg/day of nonvolatile acids. 
Filtered bicarbonate is almost completely reabsorbed, 85 
to 90% in the proximal tubules and the rest in distal tubules 
and collecting ducts. Bicarbonate, consumed in the 
buffering of nonvolatile acids, is regenerated by the renal 
excretion of titrable acid and ammonia. Chronic acidosis 
augments the production of ammonia and thus 
elimination of acid. Figures 17.2 and 17.3 demonstrate the 
chief mechanisms involved in the reabsorption of 
bicarbonate and excretion of protons in the proximal and 
distal tubules, respectively. 

The reabsorption of filtered bicarbonate as well as 
excretion of acid is mediated by tubular secretion of hydrogen 
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Fig. 17.2: Reabsorption of bicarbonate in the proximal tubule. Protons (H*) are secreted into the lumen through the actions of the 
Sodium (Nat) H* antiporter (1) and the H* ATPase (2). Secreted H+ combines with HCO; to form HzCO;, which, under the action of 
luminal membrane carbonic anhydrase dissociates fo H2O and CO., The CO, travels across the membrane into the cell where It 
COMbines with OH to generate HCO3. The HCO; and Nat cross the basolateral membrane using the Na*/HCO3 symporter (3). 

Q* also exits the cell via the Nat/Kt+ ATPase (4). Electrogenic H* secretion generates a small lumen positive voltage, which 
Cleates current flow across the paracellular pathway 
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Fig. 17.3: Mechanism of acidification and potassium excretion in the distal renal tubules. (a) The intercalated cells of the corticg 
collecting ducts secrete H* through the H* ATPase (1) and H*/K* ATPase (2), independent of Na* transport, The hydroxyl (OH) ions 
generated in the cell through H* secretion exit the cell by the HCOz/Cr exchanger (3). The secreted H* is buffered by luming 
ammonia forming NH; and phosphate (titrable acids), to prevent a drop in luminal pH that would prevent further H* secretion, 
(b) Principal cells mediate sodium (Na*) absorption and potassium (K*) transport. The apical membrane contains an amiloride 
sensitive Na* channel (epithelial sodium channel, ENaC); Na* exits basolateraltly via Na*/K* ATPase (4). Sodium transport creates 
a lumen negative transepithelial potential that increases the rate of H* secretion by intercalated cells. Aldosterone binds fo the 
mineralocorticoid (MR) receptor and enhances Na* absorption and H+ and K* secretion 


ions (H*). In the proximal tubule, filtered HCO} combines 
with H* to form H,CO, that rapidly dissociates to H,O and 
CO, (catalyzed by carbonic anhydrase at the brush border 
of the tubular basement membrane) (Fig. 17.2). CO, diffuses 
along its concentration gradient into the tubular cell, 
combining with H,O to generate HCO; that is absorbed by 
the peritubular capillaries. The proximal tubule reabsorbs 
80-90% of the filtered HCO;; the remainder is reabsorbed 
distally. In the distal tubule, the secreted H* ions combine 
with the major urinary buffers, sodium hydrogen 
phosphate (Na,HPO,) and ammonia (NH;) to form 
NaH.PO, and NH,;* (measured in urine as titratable acidity 
and ammonium ion, respectively) (Fig. 17.3). The distal 
nephron generates and maintains a steep pH gradient 
between the blood and urine, but its capacity to secrete H* 
ions is small. Thus, even a slight increase in distal HCO; 
delivery results in increase in urine pH. Extracellular fluid 
volume and potassium balance also regulate H* secretion 
and HCO; reabsorption. 


Suggested Reading 


¢ Bernstein PL, Ellison DH. Diuretics and salt transport along the 
nephron. Semin Nephrol 2011;31:475-82 

¢ Srivastava RN, Bagga A. Renal anatomy and physiology. In: 
Pediatric Nephrology, 5th edn. Jaypee, New Delhi, 2011;1-19 


Development of Structure and Function 


The fetal kidneys are lobulated structures that ascend from 
the pelvis to their normal position between 6 and 9 weeks 
of gestation. These kidneys can be visualized on antenatal 
ultrasound by 12-13 weeks. The kidneys grow steadily in 


lee - 





size between 12 and 40 weeks, with the renal length 
increasing from about 1.0 to 2.7 cm. The fetal bladder is 
visualized by 10-14 weeks, and its capacity increases 
steadily to about 50 mL at term. Beyond 16 weeks, the 
amniotic volume is principally dependent on urine 
production. 


Glomerular Filtration 


Glomerular filtration begins at 5-9 weeks’ gestation, 
initiating urine formation. The fetal kidney receives about 
2-4% of cardiac output, which increases in neonates t0 
15-18%. Serum creatinine level is high at birth, reflecting 
maternal values, but falls rapidly to 0.3-0.5 mg/dL by the 
end of first week. Most (92%) neonates pass urine within 
the first 48 hours. The GFR is low at birth (15-20 mL/ 
min/1.73 m7 in the first 3 days in term, 10-15 mL/min/ 
1.73 m’ in preterm) but increases to 35-45 mL/min/1.73™ 
at 2 weeks and 75-80 mL/min/1.73 m2 by 2 months. 


Tubular Function 


Tubular function contributes to urine formation around 
14 weeks’ gestation. Postnatal tubular maturation follows 
a pattern similar to GFR but its maturation is delayed 
Infants have reduced sodium and bicarbonate reabsorpi™" 
and limited ability for hydrogen ion excretion. The pH ‘ 
urine in newborns is high for the degree of acidemia. 


Urine Osmolality 


The capacity of the kidneys to concentrate or dilute ui 
is limited in neonates. An infant can concentrate his 
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to a maximum of 700-800 mOsm/kg whereas the older 
child can achieve 1200-1400 mOsm/kg. Growing babies 
utilize most of the protein available for growth rather than 
catabolize to urea. Decreased production and excretion 
of urea result in a relatively hyposmolar interstitium and 
reduced urimlary concentration. The newbom can dilute 
urine to aminimum of 50 mOsm/kg, like an older child. 
However, the time taken to excrete a water load is longer. 


Thus, delayed feeding and overdiluted or concentrated 
feeds are potentially harmful. 


Maturation of Renal Function 


Renal function continues to improve during the first two 
years of life, at the end of which, various parameters of 
renal function approach adult values, if corrected to 


standard surface area. Structural growth parallels the 
functional maturation. 


Suggested Reading 
¢ De Curtis M, Rigo J. Nutrition and kidney in preterm infant. 
J Matern Fetal Neonatal Med 2012:25 $1-55-9. 
« Lowenstein J, Grantham JJ. The rebirth of interest in renal tubular 
function. Am J Physiol Renal Physiol. 2016;310:F1351-5. 
* Kastl JT. Renal function in the fetus and neonate—the creatinine 
enigma. Semin Fetal Neonatal Med 2017;22:83-89. 


DIAGNOSTIC EVALUATION 


Clinical Features of Renal Disease 
Hemoturla 


Gross hematuria in acute GN is typically smoky brown 
or cola colored. Bright red blood suggests a nonglomerular 
cause, as in renal or vesical calculi. Gross hematuria is 
rare in UTI. Other conditions which might impart a red 
color to urine include hemoglobinuria, myoglobinuria, 
porphyria and ingestion of beetroot. 


Edema 


Acute GN presents with facial puffiness and gross 
hematuria; the edema does not pit readily on pressure. If 
fluid intake is not restricted, the edema may increase and 
involve hands, feet and legs. In nephrotic syndrome, 
edema develops insidiously, starting with eyelid puffiness 
most noticeable in the morning. Over a period of several 
days, there is pitting edema over the feet and legs. Facial 
swelling is often mistaken for allergy or insect bite. 


Oliguria 

Oliguria, defined as urine volume less than 0.5 mL/kg/ hr, 
commonly results from gastroenteritis and hypo-volemia. 
Oliguria is an important feature of moderate or severe 
acute GN, acute tubular necrosis and conditions causing 
Severe glomerular injury (e.g. HUS, vasculitis). 


Abnormalities of Micturition 


A poor urinary stream in boys, especially in presence ofa 
full bladder, suggests obstruction, most commonly due 


to posterior urethral valves. Persistent dribbling indicates 
abnormal ureteric insertion distal to bladder neck. Infants 
with meningomyelocele should be evaluated for bladder 
dysfunction. Dysuria, flank pain and ureteric colic suggest 
UTI or urinary tract calculi. 


Polyurla, Polydipsia 


Impaired urinary concentration is a feature of obstructive 
uropathy and primary or secondary tubulointerstitial 
disorders. Polyuria is also present in conditions associated 
with deficiency or resistance to antidiuretic hormone, 
diabetes mellitus, hypokalemia (e.g. distal renal tubular 
acidosis) and hypercalcemia. 


Enuresis 


Primary monosymptomatic enuresis needs to be distin- 
guished from patients with dysfunctional voiding. Most 
children with nocturnal enuresis have no evidence of renal 
disease. Urinalysis and culture are recommended in 
patients with secondary enuresis. 


Hypertension 


Assessment of blood pressure is necessary in all children, 
and especially those with disorders of the kidneys or 
urinary tract. Symptomatic hypertension is chiefly due to 
a renal parenchymal or renovascular cause; endocrine 
conditions are uncommon. 


Growth Retardation, Anemia 


Physical retardation is a feature of advanced chronic 
kidney disease (CKD, stages 3-5) and tubular disorders. 
Normocytic normochromic anemia is striking in patients 
with advanced CKD. Patients with unexplained anemia 
should be evaluated for a renal disease. 


Abcominal Mass 


Multicystic renal dysplasia, polycystic kidneys, renal vein 
thrombosis, hydronephrosis (due to pelviureteric or lower 
urinary tract obstruction) and Wilms’ tumor may result 
in palpable masses. 


Examination of Urine 


Urinalysis is an important step for diagnosis of renal 
disease. Evaluation includes microscopic examination of 
the uncentrifuged as well as centrifuged specimen and 
semiquantitative or quantitative detection of different 
substances. 


Collection of Soecimen 


The first morning specimen is preferred since it is 
relatively concentrated. While a clean container is 
sufficient, specimens for culture should be collected in a 
sterile container. After cleaning the perineum with soap 
and water, a ‘clean catch’ sample is collected. If facilities 
for immediate processing are not available, the specimen 
is stored at 4°C for 12-14 hours. 
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It is difficult to obtain satisfactory specimens in children 
below 2 years old. Urine may be collected using a sterile 
bag that is applied after local cleaning and removed soon 
after the void. These specimens should not be used for 
culture. Other reliable ways for obtaining urine specimens 
in infants include percutaneous suprapubic aspiration or 
transurethral catheterization. 


Specific Gravity 


Specific gravity is measured using either refractometer or 
hydrometer; the former is convenient, requires less volume 
of urine and gives accurate values. The early morning 
urine specific gravity should exceed 1.015. 


POH 

Urine is collected in a capped syringe, if pH can be 
measured promptly. If measurement is likely to be 
delayed, urine should be collected under paraffin. Urine 
PH is lowest in the fasting, early morning specimen and 
increases following meals. 


Protein 


Proteinuria is an important marker of renal injury. Detec- 
tion of 3-4+ albuminuria suggests glomerular disease. 
Low molecular weight proteinuria, including lysozyme, 
B2 microglobulin, neutrophil gelatinase associated 
lipocalin and retinol-binding protein, suggest tubular 
injury. Dipstick methods (Uristix) for proteinuria are 
convenient and reliable. Composite strips for pH, glucose, 
hematuria, leukocyte esterase and nitrite are also available. 
Proteinuria can also be semiquantitatively tested using 
the boiling and sulfosalicylic acid tests. 
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Microscopic Examination 

A fresh, well-mixed specimen is examined for cellula, 
elements, crystals and casts. Alternatively, Urine jg 
centrifuged at 1500 rpm for 10 min; urine is decanted an, 
the cell pellet resuspended in 0.3-0.5 mL urine. Evaluatio, 
for hematuria, defined as more than 5 red cells /hpt ina 
centrifuged specimen Is abnormal. Red cell casts indicat, 
glomerular inflammation (Fig. 17.4). Leukocytes may 
occasionally be absent despite significant bacteriuria, 9, 
the other hand, isolated presence of leukocytes iS not 
specific for UTI, and may be noted in interstitial nephritis, 
stones and high fever. The detection of bacteriuria in fresh 
uncentrifuged urine is significant. 


Blood Tests 


Blood levels of creatinine and urea are used to assess rena] 
function. The normal levels of serum creatinine are 0.2+)5 
mg/dL in children below 6 yr and 0.4-0.8 mg/dL in older 
children. Blood urea ranges between 20 and 35 mg/dL 
during childhood. However, it is important to realize the 
limitations of these investigations. Values of blood urea or 
creatinine do not increase even when glomerular filtration 
rate is reduced by 50%. The level of serum creatinine is 
dependent on muscle mass and is, therefore, low in 
malnutrition. Bilirubin may interfere with creatinine 
measurements. Blood urea levels are low on a protein 
deficient diet and high with tissue breakdown, trauma, 
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astrointestinal bleeding and use of corticosteroids. 
Estimation of blood levels of cystatin C, which does not 
depend on the nutritional status, is considered a sensitive 
indicator of glomerular function. 

Other specific investigations include albumin, choles- 
terol, antistreptococcal antibody titers, complement, 
immunoglobulins and autoantibodies. Estimation of blood 
pH, bicarbonate, electrolytes and osmolality is important 
in patients with tubular disorders and/or renal failure. 


Glomerular Filtration Rate (GFR) 


Whil e clearance of inulin is regarded as the reference for 
estimating GFR, the test is cumbersome. Measurement of 


the creatinine clearance is adequate for assessing GFR in 
most cases. 


creatinine Clearance 


Creatinine clearance depends on the body size; the values are 
normalized to surface area. The normal creatinine clearance 
is 80-120 mL/minute per 1.73 m2. GFR can be estimated 
from serum creatinine (mg/dL) and patient height (cm). 
The value of the constant k ranges between 0.41 and 0.43. 
k x height 


GFR (mL/ minute per 1.73 m?) = —————2——_ 
Serum creatinine 
Radionuclide Clearance 


Disappearance curves of the radionuclides, !*I-iothala- 
mate, *™Tc-diethylenetriaminepentaacetic acid (DTPA) or 
*'Cr-ethylenediaminetetraacetic acid (EDTA) following its 
IV injection can be used to accurately compute GFR. 


Tests of Tubular Function 


Table 17.1 lists some important evaluations useful in 
diagnosing disorders of tubular function. 


‘Table 17.1: Investigations for evaluation of tubular diseases | 
Substrate Test 


Phosphate Tubular reabsorption of phosphate 
Tubular maximum for reabsorption/GFR 
Blood parathormone 

Glucose Renal threshold and tubular maximum for 
glucose reabsorption 

Amino acids Clearance of amino acid 

Bicarbonate Blood anion gap 


Fractional excretion of bicarbonate 


H? Minimum urinary pH 
Urine anion gap; urine osmolal gap 
Urine to blood (U-B) CO, gradient 


Water Maximum urine osmolality 
Water deprivation test 
Plasma ADH 

Sodium Urinary sodium excretion 


Plasma renin, aldosterone 


ADH: Antidiuretic hormone; GFR: Glomerular filtration rate 


Water Deprivation Test 


Following a few hours of fluid deprivation, desamino-8- 
D-arginine vasopressin (DDAVP) is administered nasally 
(5-10 pg in neonates and infants, 20 ag in children) or by 
IM injection (0.4-1.0 pg in infants and young children, 
2 pg in older children). Urine is collected every hour for 
the next 2-3 hour. Following administration of DDAVP, 
patients with nephrogenic diabetes insipidus fail to show 
a rise of urine osmolality that remains below 300 mOsm/ 
kg (normal >800 mOsm/kg). Those with deficiency of the 
antidiuretic hormone concentrate urine appropriately 
following DDAVP administration. 


Radionuclide Imaging 


Imaging of the kidney and urinary tract has been 
simplified by radionuclide methods. Radionuclide 
procedures are noninvasive, highly sensitive and expose 
patients to less radiation compared to radiocontrast studies. 
The compounds, labeled with radioactive 9™+echnetium, 
commonly used include dimercaptosuccinic acid (DMSA), 
DTPA and mercaptotriacylglycine (MAG-3). Following IV 
injection, DMSA attains high concentration in the renal 
cortex and provides very high quality images of renal 
morphology. This is useful in detection and follow-up of 
renal parenchymal defects associated with urinary tract 
infections (Fig. 17.5a). 

DTPA is freely filtered by the glomeruli with no tubular 
reabsorption or excretion. A DTPA renogram is useful for 
evaluating perfusion and function of each kidney. 
Obstruction to the urine flow can be diagnosed by study- 
ing the effect of IV frusemide. Normally, there is prompt 
washout of the radionuclide, but this clearing may not 
occur in subjects with upper urinary tract obstruction 
(Fig. 17.5b). Renal arterial narrowing results in reduced 
renal blood flow and an abnormal pattern on DIPA 
renogram. This effect is accentuated by administration of 
angiotensin-converting enzyme inhibitors, thus increasing 
its sensitivity in diagnosis of renal artery stenosis. MAG- 
3 provides highly satisfactory information on renal 
structure and function. 

mT c-labeled radionuclide scan can be used instead of 
the radiocontrast micturating cystourethrogram. The 
procedure is sensitive for detecting vesicoureteric reflux 
with minimal radiation exposure. However, this 
procedure does not provide sufficient anatomic details of 
bladder and urethra to recommend its use for initial 
evaluation of patients with suspected urinary tract 
obstruction, nor grading of vesicoureteric reflux. 


Suggested Reading 


* Gupta AK, Jana M. Imaging of the urinary tract. In: Pediatric 
Nephrology, 6th edn. Eds. Srivastava RN, Bagga A. Jaypee, New 
Delhi, 2015; 48-65 


* Kaplan BS, Pradhan M. Urinalysis interpretation for pediatricians. 
Pediatr Ann. 2013;42:45-51. 
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Fig. 17.5: (a) "™Ic-DMSA scintigraphy showing midzonal scars and loss of volume in the right kidney. The leff kidney Is norma 
(b) Renal dynamic scan with diuretic was performed in a 6-week-old newborn with isolated left hydronephrosis. The excretion of the 
tracer on the left side is sluggish and unchanged with administration of diuretic, suggesting an obstructive pattem of excretion, as 


seen with pelviureteric junction obstruction 


* Schwartz GJ, Munoz A, Michael F, et al. New equations to estimate 
GFR in children with CKD. J Am Soc Nephrol 2009;20:629-37 

¢ Utsch B, Klaus G. Urinalysis in children and adolescent. Dtsch 
Arztebl Int. 2014;111:617-25. 


HEMATURIA 


The presence of blood in urine imparts it a color, which 
includes various shades of deep red, smoky brown, cola- 
color and faint pink. Parents may mistake very concen- 
trated urine for that containing blood. Microscopic 
examination of urine will show red blood cells. Reagent- 
coated dipsticks detect free hemoglobin and myoglobin. 
Red urine may be present in porphyria and following 
beetroot ingestion. Urine appears orange-colored after 
administration of rifampicin or pyridium. Uric acid and 
xanthine crystals may also impart a pink tinge to the nappy. 

In children, the commonest cause of gross hematuria is 
postinfectious GN (Table 17.2). Urinary tract stones are 


not infrequent. Gross hematuria is rare in acute pyelo- 
nephritis. Conditions that cause persistent microscopic 
hematuria include idiopathic hypercalciuria, benign 
familial hematuria, Alport syndrome, IgA nephropathy 
and membranoproliferative GN. 


Diagnostic Evaluation 


A history of pain in the flank or suprapubic region, dysuria 
and edema should be obtained. Physical examination 
includes assessment of growth and features of acute or 
chronic kidney disease such as edema, hypertension, 
unexplained pallor, bony abnormalities and abdominal 
mass. An audiogram and a detailed eye examination may 
be needed. Figure 17.6 shows an algorithm for evaluation 
of patients with hematuria. 

A fresh specimen is examined for red cells, red cell cast 
and protein. Absence of large number of red cells in bloody 
urine suggests hemoglobinuria (intravascular hemolysis) 


Table 17.2: Causes of hematuria 


Glomerular 

Postinfectious glomerulonephritis (GN) 
IgA nephropathy 

Henoch-Schonlein nephritis 
Membranoproliferative GN 

Rapidly progressive GN 


Uncommon 

Lupus nephritis 

Other vasculitides, e.g. microscopic polyangliitis 
Membranous nephropathy 


Familial benign hematuria 
Alport syndrome 


Non-glomerular 
Hypercalciuria 

Renal calculi 

Urinary tract infection 
Hemorrhagic cystitis 
Trauma, exercise 
Cystic renal disease 
Interstitial nephritis 


Uncommon 

Vascular malformations 
Coagulation disorders 
Thrombocytopenia 
Nutcracker syndrome 

Renal or bladder malignancy 


___ 
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[ Red urine | 
vite 


Urine dipstick, microscopy 
Urinalysis >5 RBC/high power field 


| Hematurla | 
—— 


History and examination 


Urinalysis 

Color, casts, crystals; microscopy for dysmorphic RBCs 
Urine protein/creatinine ratio, dipstick 

Blood creatinine calcium, electrolytes 

Ultrasound abdomen 

Complement C3 


No aie 
————* | Pigmenturia, drugs 


Non-glomerular 
Urine spot calcium, creatinine, protein, urate 
24 hours urine calcium, urate, protein, creatinine 
Urine culture 
Spiral CT abdomen 


Coagulation screen 
Renal Doppler, magnetic resonance venography 


Glomerular| 





24 hours urine protein and creatinine 
ASO, anti-DNAse B 

ANA, anti-dsDNA, ANCA 

Blood albumin, cholesterol 













Common causes 
Acute, chronic 
glomerulonephritis 


[No etiology Identified 
seme 


Evaluate vision, hearing 






Screen parents and siblings 





Consider kidney blopsy 








Common causes 
Hypercalciuria 

Renal calculi 

Urinary tract infection 
Hydronephrosis 


Fig. 17.6: Approach to evaluation of a patient with hematuria. The initial step In evaluation attempts to distinguish glomerular from 
nonglomerular causes of hematuria (see Table 17.3). Estimation of complement C3 is an important screening test for postinfectious 
glomerulonephiitis. Patients with persistent glomerular hematuria might require kidney biopsy and/or screening for familial causes. ASO 
antistreptolysin O; ANA antinuclear antibody; anti-dsDNA anti-double-stranded DNA antibody; ANCA antineutrophil cytoplasmic antibody 


or myoglobinuria. In glomerular disease, urine shows 
dysmorphic red cells, of different shapes, whereas in 
bleeding from renal pelvis or the lower urinary tract, the 
ted cells maintain normal morphology (Fig. 17.7 and 
Table 17.3). Presence of significant proteinuria (2+ or 
more) and/or red cell casts suggests glomerular disease. 
Hypercalciuria should be screened by determination of 
urinary calcium to creatinine ratio on one or more random 
samples, 





Aig. 17.7: Phase contrast microscopy showing dysmorphic red 
Cells (atowhead). Normal red cells are also seen (arrow) 


A plain X-ray film of the abdomen and abdominal 
ultrasound is done to exclude major renal and urinary tract 
anomalies and calculi. Blood levels of creatinine are 
measured; specialized blood tests depend on the likely 
clinical etiology. Surgical conditions that cause hematuria 
can be diagnosed by appropriate imaging. Invasive 
procedures such as cystoscopy are rarely indicated. 

In a significant proportion, isolated microscopic 
hematuria spontaneously disappears over a period of 
several years. Other family members may have similar 
urinary abnormalities. If there is no family history, a renal 
biopsy is not urgently indicated and the patient kept under 
observation. 


Renal Blopsy 


Renal biopsy should be done, if hematuria is associated 
with persistent or heavy (3+ or more) proteinuria, history 
of renal disease in the family or evidence of chronic kidney 
disease in the patient, or if renal impairment or hyper- 
tension are seen on follow-up. A biopsy is also considered 
in children showing persistent microscopic hematuria for 
two or more years even in the absence of the above 
features. This procedure is necessary to diagnose IgA 
nephropathy, Alport syndrome, thin basement membrane 
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rular hematuria 
Non-glomerular causes 


Features Glomerular causes 

Dysuria No Suggests urethritis or bystis 
Systemic complaints Edema, pharyngitis, rash, arthralgia Fever (urinary tract inteChony, loin pain (Caleyjp 
Family history Deafness, renal failure (Alport syndrome) Calculi (hypercalciuria) 
Hypertension, edema Common Rare 

Abdominal mass Absent Wilms tumor, obstructive uropathy 
Urine color Brown, tea, cola Bright red, clots 

Proteinuria 2+ or more Trace, 1+ 

Dysmorphic RBC >20% <15% 

RBC casts Common Absent 

Crystals Absent May suggest calculi 


RBC: Red blood cells 


disease (typically presents as familial benign hematuria) 
and chronic GN. The biopsy is evaluated by light, 
immunofluorescence and electron microscopy. 


Alport Syndrome 


This condition is inherited in an X-linked manner, although 
autosomal transmission is known. Mutations in the gene 
encoding alpha subunit of collagen IV (COL4A) result in 
persistent microscopic hematuria, moderate proteinuria 
and progressive kidney failure. A significant proportion 
show high frequency sensorineural deafness; ocular defects 
(lenticonus, cataract, macular changes) are often associated. 
Ultrastructural examination of renal biopsy shows variable 
thickness of glomerular basement membrane with lengths 
of marked attenuation to areas of lamination. Therapy is 
supportive, including the use of angiotensin-converting 
enzyme inhibitors. The majority of male patients (X-linked 
illness; hemizygous mutations in COL4A5 gene) show 
progression to end stage kidney disease. The course the 
illness in patients with autosomal recessive illness (mutation 
in COL4A3 or COL4A4) is also rapid. 


Suggested Reading 

¢ Fiorentino M, Bolignano D, Tesar V, et al; ERA-EDTA Immuno- 
nephrology working group. Renal biopsy in 2015—from epidemiology 
to evidence-based indications. Am J Nephrol. 2016;43:1-19. 

* Hicks J, Mierau G, Wartchow E, Eldin K. Renal diseases associated 
with hematuria in children and adolescents: a brief tutorial. 
Ultrastruct Path! 2012; 36:1-18. 

e Indian Pediatric Nephrology Group. Consensus statement on 
evaluation of hematuria. Indian Pediatr 2006;43:965-73. 


PROTEINURIA 


The glomerular capillaries provide an effective barrier to 
filtration of proteins. Small amounts of protein are filtered 
but almost completely reabsorbed by the proximal tubule. 
Detection of more than trace amounts of protein in the urine 
is abnormal. However, the degree of proteinuria does not 
always reflect the severity of glomerular abnormality. 
Massive proteinuria occurs in minimal change nephrotic 
syndrome, in which glomeruli are normal or show mild 





changes. Persistent and heavy proteinuria, especially if 
associated with hematuria, should be promptly evaluated 


Quantitation of Proteinuria 


Protein excretion at 100-1000 mg/m7?/day indicates mild 
to moderate proteinuria; more than that is heavy 
(nephrotic range) proteinuria. Accurate quantitative 
measurements of 24 hours urinary protein are not needed, 
if semiquantitative tests are done on a concentrated (first 
morning) specimen. Normally, the protein to creatinine 
ratio, in the first morning urine specimen, is below 
0.2 (mg/mg); a ratio of 0.2—2 indicates mild to moderate 
and >2 heavy proteinuria. The latter usually corresponds 
to 3+ or 4+ reaction on boiling or dipstick test. 
Important causes of asymptomatic proteinuria include 
orthostatic proteinuria, chronic glomerular diseases, reflux 
nephropathy, renal hypoplasia and rarely renal tubular 
disorders (Table 17.4). In orthostatic (postural) proteinuria, 


Table 17.4: Conditions presenting with proteinuria 
Glomerular proteinuria 


Nephrotic syndrome (minimal change disease, focal segmental 
glomerulosclerosis, congenital nephrotic syndrome) 
Membranous 

Hepatitis B and C nephropathy, HIV nephropathy 

Reflux nephropathy 

Amyloidosis 

Associated hematuria: Postinfectious glomerulonephiritis, IgA 
nephropathy, Henoch-Schénlein nephritis, lupus nephritis, 
glomerulopathy, Alport syndrome 

Nonglomerular proteinuria 

Drug induced nephropathy (analgesics) 

Heavy metal nephropathy (e.g. gold, lead, cadmium) 
Renal tubular acidosis 

Interstitial nephritis, pyelonephritis 

Intermittent or transient proteinuria 

Postural (orthostatic) 

Fever 

Exercise 


Table 17.3: Features that distinguish glomerular from non-glome 
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rotein is absent in urine specimen collected after 
overnight recumbence, Continued follow-up is necessary 
until proteinuria disappears. 

A renal biopsy is indicated in presence of persistent or 
heavy proteinuria. Long-term observation is necessary to 
monitor clinical course and renal function. The underlying 
cause is treated, where possible. Low salt diet and 
prolonged treatment with angiotensin-converting enzyme 


inhibitors or angiotensin receptor blockers are effective 
in reducing glomerular proteinuria. 


Suggested Reading 
e Rademacher ER, Sinaiko AR. Albuminuria in children. Curr Opin 
Nephrol Hyperten 2009;18:246-51 


¢ Vogt B. Nephrology update: glomerular disease in children. FP 
Essent. 2016;444:30—40, 


ACUTE GLOMERULONEPHRITIS 


Acute glomerulonephritis (GN) is characterized by 
abrupt onset of hematuria, oliguria, edema and 
hypertension. The clinical severity varies. Mild 
disease may go undetected; severe cases have anuria, 
hypertensive encephalopathy and heart failure. 
Poststreptococcal GN is the most common cause of acute 
GN in India (Table 17.5). Key investigations include renal 
function tests, urinalysis, serum complement C3 and 
titers of antistreptolysin. Renal biopsy is required, if the 
presentation or course suggests a diagnosis other than 
poststreptococcal GN (Table 17.6). 


Poststreptococcal Glomerulonephnritis 


Acute GN following infection by group A beta-hemolytic 
streptococci is a common disorder. Streptococcal infection 
of the throat or skin precedes the onset of nephritis by 1 
to 4 weeks. Only a few strains of streptococci are 


Table 17.5: Etiology of the acute nephritic syndrome 
Postinfectious 

Streptococci, staphylococci, pneumococci, meningococci, 
Treponema pallidum, Salmonella, \eptospira 

Plasmodium malariae, P. falciparum, toxoplasma, filaria 
Hepatitis B and C, cytomegalovirus, parvovirus, Epstein-Barr 
virus, coxsackievirus, echovirus, varicella 

Associated with severe infections; infection of shunts, 
prostheses, bacterial endocarditis 


Systemic vasculitis 

Henoch-Schénlein purpura 

Microscopic polyarteritis, Wegener granulomatosis 
‘Others 

Membranoproliferative glomerulonephritis 

I9A nephropathy 

Hereditary nephropathy 

Systemic lupus erythematosus 


Table 17.6: Indications for renal biopsy in acute glomerulo- 
nephritis 
Systemic features. Fever, rash, joint pain, heart disease 
Absence of serologic evidence of streptococcal infection; 
normal levels of C3 in the acute stage of illness 
Mixed features of glomerulonephritis and nephrotic syndrome 
High blood levels of urea or presence of anuria requiring dialysis 
(rapidly progressive GN) 
Delayed resolution 

Oliguria, hypertension and/or azotemia persisting past 

7-10 days 

Gross hematuria persisting past 3-4 weeks 

Nephrotic range proteinuria beyond 2 weeks 

Low C3 levels beyond 12 weeks 

Persistent proteinuria beyond 6 months 


nephritogenic, e.g. types 4and 12 causing pharyngitis and 
type 49 causing pyoderma. 


Pathology 


On light microscopy, glomeruli are enlarged and ischemic 
and capillary loops narrowed, making glomeruli appear 
bloodless (Fig. 17.8a); there is proliferation of mesangial 
cells and neutrophil infiltration. Immunofluorescence 
shows granular deposits of IgG and complement (C3) 
along capillary walls (Fig. 17.8b). Electron microscopy 
shows deposits (humps) on the subepithelial side of the 
glomerular basement membrane. 


Clinical Features 


Poststreptococcal GN affects school-age children, more 
commonly boys and is uncommon below 3 yr. Subclinical 
episodes are more common than overt disease, especially 
during epidemics. The onset is rapid, with puffiness 
around the eyes and pedal edema. Urine is cola-colored; 
hematuria is brief, often lasting only a few hours and does 
not persist beyond 1-2 weeks. While the degree of oliguria 
correlates with the disease severity, anuria is uncommon. 
Hypertension, present in over half the patients, resolves 
with loss of edema. Atypical presentations include (i) 
convulsions due to hypertensive encephalopathy; (ii) left 
ventricular failure and pulmonary edema, due to 
malignant hypertension and hypervolemia; (iii) acute 
kidney injury; and (iv) nephrotic syndrome. 


Laboratory Findings 


Urine shows 1-2+ protein with red cells, and red cell and 
granular casts. White cells indicate glomerular inflam- 
mation and should not be regarded as evidence of UTI. 
Hemodilution may result in normocytic anemia; ESR is 
raised. Blood levels of urea and creatinine are elevated 
reflecting renal impairment; hyponatremia and hyper- 
kalemia occur with continuing oliguria. Chest X-ray may 
show prominent vascular markings suggesting hyper- 
volemia. 
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Fig. 17.8: (a) Poststreptococcal GN. Moderately severe proliferation and exudative changes with Infiltration of neutrophils, A few 
open caplllary lumina are seen; (b) Immunofluorescence examination showing extensive fine granular deposition of IgG along 


the capillary wall and in mesangium with a starry sky appearance 


Serologic evidence for streptococcal infection is present 
in most patients with pharyngitis, though antibiotic 
therapy may blunt this response. ASO titer is increased in 
more than 80% patients; anti-DNase B is elevated in cases 
of streptococcal skin infection. The titers decrease within 
4-6 weeks. The level of serum C3 is low in 90% patients 
but normalizes by 8-12 weeks. Persistent low C3 levels 
indicate other forms of GN. 


Management 


Patients with mild oliguria and normal blood pressure 
can be managed at home. Close attention to blood pressure 
and dietary intake is essential. Treatment with penicillin 
has no effect on the course of the disease, but may be given, 
if active pharyngitis or pyoderma is present. The principles 
of management of patients with severe oliguria and acute 
kidney injury are discussed later. 


Diet: The intake of sodium, potassium and fluids is 
restricted until blood levels of creatinine reduce and urine 
output increases. Overhydration may increase the risk of 
hypertension and precipitate left ventricular failure. 
Patients with azotemia require accurate measurement of 
urine output and daily weight, and restriction of fluid 
intake to an amount equal to insensible losses and 24 hr 
urine output. 


Diuretics: Patients showing modest edema are treated 
with oral frusemide at a dose of 1-3 mg/kg; the edema 
disappears with the return of renal function. Therapy with 
IV frusemide (2-4 mg/kg) is necessary in patients with 
pulmonary edema. 


Hypertension: Mild hypertension may be controlled by 
restriction of salt and water intake. Effective anti- 
hypertensive agents include amlodepine, nifedipine or 
diuretics. Beta-blockers and angiotensin-converting 


enzyme inhibitors carry risk of hyperkalemia. Patients 
with hypertensive emergencies need prompt treatment 
with IV nitroprusside or labetalol. 


Left ventricular failure: Hypertension should be 
controlled and IV frusemide given to induce diuresis, 
leading to improvement in heart failure. If diuresis is not 
noted, dialysis is initiated. Respiratory support with 
positive end-expiratory pressure may be needed. 


Prolonged oliguria: Treatment, as outlined above, should 
be continued and levels of blood urea, creatinine and 
electrolytes monitored. Dialysis is required in children 
with severe renal failure and prolonged oligoanuria, fluid 
overload and life-threatening electrolyte disturbances. 
Occurrence of secondary infections should be avoided. 


Oufcome and Prognosis 


Acute poststreptococcal GN has an excellent prognosis in 
childhood. The symptoms begin to resolve in the first week 
with loss of edema and fall in blood pressure. Gross 
hematuria and significant proteinuria disappear within 
2 weeks, although microscopic hematuria and slight 
proteinuria may persist for several months. Hypertension 
subsides within 2-3 weeks, but rarely may persist for 
several weeks. Patients with acute GN of nonstreptococ4 
etiology have variable and unpredictable outcome. The 
cases need close follow-up over several years with periodic 
urinalyses and measurements of blood pressure. 


Renal biopsy: A biopsy is rarely indicated in those 
suspected to have poststreptococcal GN except wher 
renal function is severely impaired beyond 7-10 day® of 
serum C3 remains depressed beyond 12 weeks. patien!® 
with features of a systemic illness (e.g. systemic lupus 
require a kidney biopsy (Table 17.6), 
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crescentic Glomerulonephritis 


Rapidly progressive GN (RPGN) is defined as an acute 
nephritic illness accompanied by rapid loss of renal 
function over days to weeks. The histopathological 
correlate is the presence of crescents (crescentic GN) 
involving 50% or more glomeruli (Fig. 17.9) suggesting 
severe glomerular injury. The chief forms of RPGN are: 
(i) imnmune complex crescentic GN (immunofluorescence 
showing immunoglobulin and C3 deposits; normal or low 
C3), (ii) pauci-immune crescentic GN (related to small 
vessel vasculitis; positive antineutrophil cytoplasmic 
antibodies; scant immune deposits) and (iii) anti- 
glomerular basement membrane GN (with anti-GBM 
antibodies; linear IgG deposits). There is satisfactory 
clinicopathologic correlation and patients with extensive 
histological changes have poor outcomes. Renal biopsy 
should be performed in all patients with severe nephritic 
features, which do not resolve within 1-2 weeks. 

The outcome is related to histological severity and 
prompt institution of therapy. Satisfactory results have 
been obtained with initial administration of IV and oral 
corticosteroids and IV cyclophosphamide, followed by 
maintenance immunosuppression for 2-3 years. Prompt 
plasmapheresis is recommended for patients with pauci- 
immune crescentic GN and Goodpasture syndrome. 


Nephritis in Henoch-Schonlein Purpura 


Henoch-Schénlein purpura (HSP) is the most common 
vasculitis in children (Fig. 17.10). Mild renal involvement 
indicated by microscopic hematuria and mild proteinuria 
is common. Serum IgA levels may be elevated. Renal 
biopsy shows mesangial proliferation with mesangial 
deposition of IgA. Most patients recover without any 
specific treatment. However, long-term observation is 
necessary to detect insidious renal damage. Rarely, a 
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Fig. 17.9: Large cellular crescent with compression of glomerular 
luft (Masson trichome x200) 





Fig. 17.10: Henoch-Schonlein purpura in o 6-yecr-o'ld gin 
admitted with severe cbdominc! pain. Note purpurc rash over 
the lower limbs 


patient may present with nephritic or nephrotic syndrome, 
hypertension, azotemia and crescentic GN. Therapy with 
a combination of oral/IV corticosteroids and cyclophos- 
phamide initially, followed by maintenance steroids and 
azathioprine is recommended. Long-term outcome 
depends on the severity of renal manifestations. 


Immunoglobulin A Nephropathy 


Predominant deposition of IgA in the glomeruli, chiefly 
in the mesangium and occasionally in capillary walls is 
characteristic. The usual clinical manifestation is 
recurrent episodes of gross hematuria following upper 
respiratory infections; each episode lasts for 2-5 davs. 
An acute nephritic or nephrotic syndrome is rarely the 
initial manifestation. Renal histology shows mesangial 
proliferation of varying severity. Patients with 
hematuria and non-nephrotic proteinuria are treated 
using angiotensin-converting enzyme inhibitors. 
Therapy with corticosteroids and alkvlating agents is 
indicated in patients with nephrotic range proteinuria, 
deranged renal function or those with severe 
histological changes. 


Lupus Nephritis 


Patients with systemic lupus ervthematosus variably 
present with asymptomatic proteinuna and/or hematuria, 
acute nephritic syndrome and nephrotic syndrome. Renal 
biopsy may show almost normal glomeruli, focal or diffuse 
proliferative GN or membranous nephropathy, [mmuno- 
fluorescence studies show mesangial and capillary wall 
deposits of all immune reactants (full-house deposition). 
Antinuclear and double-stranded DNA autoantibodies are 
present in most cases with lupus nephritis; C3 levels are 
reduced. 

Remissions and relapses and progressive renal damage 
are characteristic. Infections and end stage renal disease 
are the chief cause of mortality. 
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C3 Glomerulopathy 


C3 glomerulopathy (C3G) comprises glomerulonephritis 
secondary to uncontrolled activation of the alternate 
complement pathway, characterized histologically by 
predominant deposits of C3. In most cases, complement 
dysregulation is caused by the C3 nephritic factor, an 
autoantibody that binds to C3 convertase, stabilizing it 
against inactivation by factor H (FH). This results in 
uncontrolled activation of C3. Patients usually show a 
membranoproliferative pattern of injury, with lobulation 
and mesangial interposition with thickening of capillary 
walls, which appear split on silver methanamine staining. 
Immunfluorescence shows isolated or predominant C3 
deposits in basement membrane, mesangium and/or 
capillaries. Based on electron microscopy, C3G is classified 
as dense deposit disease (ribbon-like electron dense 
osmophilic material in the glomerular basement 
membrane) and C3 glomerulonephritis (C3GN; deposits 
in mesangium, subepithelial and/or subendothelial 
locations). 

Most patients present with proteinuria, gross or 
persistent microscopic hematuria, hypertension and/or 
renal failure. Diagnosis is suggested by renal histology 
and persistently low serum C3. Management comprises 
reduction of proteinuria and control of hypertension using 
ACE inhibitors. Immunosuppression with prednisolone 
and mycophenolate mofetil is proposed, but most patients 
show progressive renal disease. There is a high risk of 
recurrence of C3G in allografts. 


Suggested Reading 


¢ Brogan P, Bagga A. Leukocytoclastic vasculitis. In: Cassidy JT, Petty 
RE, Laxer RM, Lindsay CB, eds. Textbook of Pediatric Rheumatology, 
6th ed. Philadelphia, Saunders Elsevier 2011; 483-97 

* Couture J, Silverman ED. Update on the pathogenesis and 
treatment of childhood-onset systemic lupus erythematosus, Curr 
Opin Rheumatol 2016; 28:488—96, 

¢ Gulati A, Bagga A. Management of lupus nephritis. Indian J 
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_ that enhances sodium and water retention, 7 | 
saiecacesis of edema may, however, be differen, i 
patients with significant glomerular lesions, who shoy, 
primary sodium retention and expanded intravascy|,, 
volume. Hypoalb uminemia also induces hepatic synthe, 
of 8-lipoproteins resulting in hypercholesterolemia, 

More than 90% of childhood nephrotic syndrom ;, 
primary (or idiopathic). Other causes such as amyloidosis 
vasculitis, systemic lupus erythematosus, postinfectioy, 
GN and hepatitis B nephropathy are infrequent. Nephrotic 
syndrome in children can be divided into two BrOUup, 
based on renal histology: (i) minimal change nephroti, 
syndrome (MCNS); and (ii) nephrotic syndrome with 
significant lesions (Table 17:7). 

Steroid-sensitive nephrotic syndrome (which is usually 
MCNS) has a satisfactory long-term outcome. In contrast, 
the steroid-resistant form (usually associated with 
significant glomerular lesions) has less satisfactory course 
and a significant proportion show progressive renal failure, 


STEROID-SENSITIVE NEPHROTIC SYNDROME 


MCNS accounts for 80% cases of nephrotic syndrome in 
children. Renal biopsy does not show significant 
abnormalities on light microscopy (Fig. 17.11a). Electron 
microscopy shows nonspecific obliteration of epithelial 
foot processes. Immunofluorescence studies do not 
demonstrate deposition of immune reactants except 
occasional mesangial IgM. On the other hand, patients 
with focal segmental glomerulosclerosis (FSGS) show 
evidence of sclerosis involving a segment of the glome- 
rular tuft (Fig. 17.11b). 

The pathogenesis of MCNS is obscure. There is 
evidence to suggest perturbation of cell-mediated 


Table 17.7: Features of idiopathic nephrotic syncrome | 
Features Minimal lesion Significant lesians 


Rheumatol 2012; 7(Suppl 1):69-79 Age atonset 2-6 years Older children 
* Master Sankar Raj V, Gordillo R, Chand DH. Overview of C3 Sex ‘incidence | Higher in boys Equal 
glomerulopathy. Front Pediatr 2016; 4:45. 45 , Haniatiurta Rare 
¢ Plumb LA, Oni L, Marks SD, Tullus K. Pediatric anti-neutrophil Usual 
cytoplasmic antibody (ANCA)-associated vasculitis: an update on Blood Normal Normal or incrc2sed 
renal management. Pediatr Nephrol 2018; 33:25-39. pressure 
° Oxford classification of IgA nephropathy 2016: An update from 
the IgA Nephropathy Classification Working Group. Kidney Int. orn Normal Normal or decreased 
2017; 91:1014-1021. Renal biopsy — Normal glomeruli; Changes of varying 
mild mesangial severity; C3, 
NEPHROTIC SYNDROME aac etl immunoglobulin 
often IgM i 
Nephrotic syndrome is characterized by massive pro- Sanur Ga habess deposits eones 
ie . ; “fot ' Low in MPGN 
teinuria, hypoalbuminemia and edema; hyperlipidemia Salaativiiyol” culak 
is often associated. Some patients show hematuria and tree Al '9 Low 
hypertension. Heavy proteinuria (more than 1 g/m7/day) J Som . 
is the underlying abnormality, leading to hypo- Response to emission in >95% Unsatisfactory 
albuminemia (serum albumin below 2.5 g/dL). The oe ono 
resultant fall in plasma oncotic pressure leads to interstitial Prognosis Good; relapses stop Variable progress!0 


by second decade renal damage 


edema and hypovolemia. This stimulates the renin- 
MPGN: Membranoproliferative glomerulonephritis 


angiotensin—aldosterone axis and antidiuretic hormone 
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immunity, which through yet undefined mechanisms 
alters the permselectivity of the glomerular filter, resulting 
in proteinuria. A significant proportion of patients shows 
Th2 polarization; some also show perturbation in the T- 
regulatory/Th17 axis. 


Clinical Features 


The onset is insidious with edema first noticed around 
the eyes and subsequently on legs. It is soft and pits easily 
on pressure. Gradually, edema becomes generalized, with 
ascites, hydrothorax and hydrocele (Fig. 17.12). With 
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Fig. 17.12: An 8-year-old boy with steroid-dependent nephrotic 
syndrome, Anasarca is seen affecting upper limbs {including 
dorsa of hands), trunk and ascites, Note the cushingoid features 
Qnd striae on lower abdominal wall and uppe! legs 
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Fig. 17.11: (a) Renal histology in a 4-year-old boy with sterold-dependent nephrotic syndrome. There is normal morphology of 
glomerular capillary loops, mesangial matrix and cells suggestive of minimal change disease; (b) Histological features in a 


6-year-old girl with steroid-resistant nephrotic syndrome secondary to focal segmental glomerulosclerosis, Note the hilar sclerosis 
involving large areas of the glomerulus and adhesions to the Bowman's capsule 


increasing edema, urine output may fall. The blood 
pressure is usually normal; sustained elevation suggests 
the possibility of significant glomerular lesions. The 
bloated appearance and relative well-being of the child is 
misleading and after the loss of edema, severe muscle 


wasting is revealed. Infections may be present at the onset 
and during relapses. 


Laboratory Findings 


Urine examination shows heavy (3 —4+) proteinuria. Gross 
hematuria or persistent microscopic hematuria suggests the 
likelihood of significant glomerular lesions; hyaline and 
granular casts are present. Serum albumin is low and values 
below 1 g/dL are often obtained. Hypercholesterolemia 
may impart a milky appearance to the plasma. Blood urea 
and creatinine values are within the normal range except 
when there is hypovolemia and fall in renal perfusion. 

Blood levels of IgG are low and those of IgM elevated; 
C3 level is normal. The severity of glomerular damage is 
reflected in the passage of proteins of large molecular 
weight, chiefly globulin. 

Evaluation at onset of nephrotic syndrome includes: 
(i) urinalysis for proteinuria, red cells, casts; (11) blood 
levels of urea, creatinine, albumin, cholesterol; (iii) 
complete blood counts; and (iv) tuberculin test. Depen- 
ding on clinical and laboratory findings, the following 
additional tests may be required: (i) C3 and antistrepto- 
lysin O (if gross or persistent microscopic hematuria); (ii) 
chest X-ray (positive tuberculin test or history of contact 
with tuberculosis); (iii) hepatitis B surface antigen (recent 
jaundice, raised levels of transaminases); (iv) antinuclear 
antibodies (suspected systemic lupus erythematosus); and 
(v) urine culture (suspected urinary tract infection). 
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A renal biopsy is not required to confirm the diagnosis 
of MCNS prior to starting treatment. A biopsy is recom- 
mended in children with atypical features at the onset (age 
below 12 months, gross or persistent microscopic hema- 
turia, low blood C3, hypertension or impaired renal 
function). Patients who continue to show nephrotic range 
proteinuria despite appropriate steroid therapy require a 


» biopsy to determine the underlying disorder. 


Management of Initial Episode 


The child should receive a high protein diet. Salt is restric- 
ted to the amount in usual cooking withno extra salt given. 
Any associated infection is treated. Patients should be 
screened for tuberculosis. Diuretics are administered, only 
if edema is significant. They should be used cautiously and 
overzealous fluid loss avoided. Frusemide (14 mg/kg/ 
day in 2 divided doses) alone or with an aldosterone 
antagonist, spironolactone (2-3 mg/kg/day in 2 divided 
doses) is adequate. Therapy with corticosteroids results in 
abolition of proteinuria (remission) usually by 10-14 days, 
diuresis and loss of edema. 


The first episode of nephrotic syndrome should be 
treated adequately, both in terms of dose and duration of 
corticosteroids, since this is considered an important 
determinant of long-term course. Only prednisolone and 
prednisone are of proven benefit in the treatment of 
proteinuria. Either of these agents is given at a dose of 
60 mg/m?/day (maximum 60 mg) in single or divided 
doses for 6 weeks, followed by 40 mg/m? (maximum 
40 mg) as a single morning dose on alternate days for the 
next 6 weeks. Therapy with corticosteroids is then 
stopped. Extending initial therapy beyond 12 weeks 
increases the risk of corticosteroid toxicity without 
significant benefits, and is not recommended. 


Parent Education 


The parents should be explained about the disease and 
the usual outcome and their cooperation ensured. They 
are taught how to examine urine for protein, which 
should be done periodically to detect a relapse early. 
During the periods of remission, no dietary restrictions 
are imposed. 


Subsequent Course 


A small proportion of patients have only a single episode 
of the illness, while the majority shows relapses. Some 
patients have three or less relapses in a year (infrequent 
relapsers), while others have four or more relapses 
(frequent relapsers) (Table 17.8). About 15% remain in 
remission while on prednisolone therapy and relapse 
whenever the dose is reduced or within 2 weeks of its 
discontinuation (steroid dependent). About 10% patients 
either do not respond to the initial treatment with 
prednisolone, or do so transiently and later cease to 
respond (steroid resistant). 








FabIe17.8. Definitions regarding course of nephrotic syndrome 
ED cht SO LY a - —- : 3 ; ten IY) 
(Ramiscion: Urine albumin nil or trace (or proteinuria <4 my 
m2/hr) for 3 consecutive early morning specimens 
Relapse: Urine albumin 3+ or 4+ (or proteinuria >40 mg/m? hy 
for 3 consecutive early morning specimens, having been jp 
remission previously = 
Frequent relapses: Two or more relapses In initial six months 
or four or more relapses in any 12 months 
Steroid dependence: Two consecutive relapses when on 
alternate day steroids or within 14 days of its discontinuation 
Steroid resistance: Absence of remission despite therapy with 
daily prednisolone at a dose of 60 mg/m?/day for 4 weeks ang 
alternate day for next 4 weeks 


Management of Relapse 


Relapses are often triggered by minor infections, 
Symptomatic therapy of infectious illness might result in 
remission of low grade (1-2+) proteinuria. However, 
persistence of 34+ proteinuria requires treatment for relapse. 
Prednisolone is given at a dose of 60 mg/m*/day until 
protein is negative/trace for three consecutive days, and then 
on alternate days at a dose of 40 mg/m* for 4 weeks. Thus, 
treatment for a relapse usually lasts for 5-6 weeks. 

The first 2-3 relapses are treated in the manner described 
above. Once the pattern of relapses is known, therapy is 
individualized. Patients with infrequent relapses continue 


to receive treatment for individual relapses as outlined 
above. 


Frequent Relapses and Steroid Dependence 


Patients with frequent relapses or steroid dependence 


require prolonged treatment in order to maintain disease 
remission. 


Long-term Alternate Day Prednisolone 


Following treatment of a relapse, the dose of prednisolone 
is tapered to maintain the patient in remission; usually 
small dose is given on alternate days for 9-18 months 
(Table 17.9). This Strategy is effective in maintaining 
remission in many patients. Since infections precipitate 
relapses, administering the same small dose daily for 
5-7 days starting at onset of infections may prevent 
relapses. Relapses, while on this therapy, are treated a5 
described above. Patients with repeated relapses, while 


on long-term therapy, should be considered for treatmen 
with a steroid- sparing agent. 


Sterold-Sparing Agents 


The additional use of an alternative agent should 
considered in patients with: (i) prednisolone threshold (fof 
maintaining remission) higher than 0.5-0.7 mg/kg 
alternate days, or (ii) features of corticosteroid toxic! 
(growth failure, hypertension, cataract). The agents use" 
usually in successive order, are listed below an¢! 
Table 17.9. 
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4 Table 17.9: Therapy for steroid-sensitive nephrotic syndrome a — = 

Agent Dose Duration Adverse effects eh 

Prednisolone 0.3-0.7 mg/kg on 9-18 months Cushingoid body habitus, hypertension, short 
alternate days stature, cataract, hirsutism 

Levamisole 2—2.5 mg/kg on alternate days © 1-2 years Leukopenia, rash, flu-like symptoms 

ieee 2-2.5 mg/kg/day 12 weeks Leukopenia; alopecia; gonadal toxicity; nail 

phamide* 


Mycophenolate 
mofetil 

Cyclosporine (CyA)* 
Tacrolimus (Tac)* 


600-1000 mg/m?/day or 
20-25 mg/kg/day 

CyA: 4-5 mg/kg/day 
Tac: 0.1-0.2 mg/kg/day 


Rituximab* 375 mg/m? IV once a week 


1-3 years 


1-2 doses 


discoloration. (Hemorrhagic cystitis; nausea and 
vomiting are more common with IV administration) 


Gastrointestinal discomfort, diarrhea; leukopenia 


12~36 months Acute and chronic nephrotoxicity, elevated 


transaminases (both agents); hirsutism, gum 
hyperplasia, hypertension or hyperlipidemia 
(CsA > Tac); hyperglycemia, neurotoxicity with 
headache and seizures (Tac > CsA) 

Infusion reactions (fever, rash, bronchospasm); 
neutropenia 


* Preferred earlier, if relapses are life-threatening (associated with peritonitis, other serious infections or thrombosis) or in presence of significant 


steroid toxicity 


Levamisole: This immunomodulator is effective in 
reducing relapses in patients with frequent relapsing or 
steroid-dependent nephrotic syndrome. After inducing 
remission, levamisole is administered at a dose of 2- 
2.5 mg/kg on alternate days. Alternate day prednisolone 
is given in decreasing doses, until a dose of 0.3-0.5 mg/ 
kg is reached, for 3-6 months; it is occasionally possible 
to discontinue steroids altogether. Treatment with 
levamisole is given for 1—2 year or longer. The chief side 
effect is leukopenia, which should be monitored every 
2 months; others include flu-like symptoms and rash. 


Cyclophosphamide: Treatment with cyclophosphamide 
and alternate day prednisolone is effective in many 
patients with frequent relapsing or steroid-dependent 
nephrotic syndrome. A 12-week course of treatment may 
induce long-lasting remission in 30-40% cases. Side effects 
include leukopenia, nausea and vomiting; a high fluid 
intake is ensured to prevent hemorrhagic cystitis. There 
is risk of gonadal toxicity and malignancies, although at 
the doses and duration used, these risks are minimal. The 
alkylating agent, chlorambucil has significant additional 
toxicities and a low margin of safety, and is not 
recommended. 


Mycophenolate mofetil: Prolonged treatment with this 
agent is useful in reducing relapse rates and corticosteroid 
sparing. The lack of renal, hemodynamic and metabolic 
toxicity makes it an alternative to calcineurin inhibitors. 
Chief side effects include gastrointestinal discomfort, 
diarrhea and leukopenia. The dose of the medication is 
600-1000 mg/m?2/day or 20-25 mg/kg/day in two 
divided doses for 12-36 months. Tapering doses of 
Prednisolone are given for ~6 months. 


Cyclosporine and tacrolimus; Therapy with either of these 
agents is indicated in patients that fail to benefit with other 


steroid-sparing agents or show high steroid threshold with 
steroid toxicity. Cyclosporine A or tacrolimus is 
administered, in two divided doses, for 12-24 months 
aiming for respective trough levels of 80-120 ng/mL and 
3-7 ng/mL. Both agents have strong steroid-sparing 
potential, with steroid discontinuation achieved in most 
patients over 6-9 months. 

Adverse effects are common and include acute and 
chronic nephrotoxicity. A renal biopsy is done after 
2-3 years of continuous therapy. Patients receiving 
cyclosporine have cosmetic side effects (hirsutism, gum 
hyperplasia), hypertension and hypercholesterolemia. 
Treatment with tacrolimus is associated with risk of 


hyperglycemia, elevated transaminases, diarrhea, tremors, 
headache and seizures. 


Rituximab: This monoclonal anti-CD20 antibody has been 
used with success in patients with steroid dependent 
nephrotic syndrome, with remission lasting 6-18 months. 
This agent appears to be useful in patients who fail to 
respond or show toxicity with other therapies. 


Complications in Nephrotic Syndrome 


The patient should be maintained in remission, as far as 
possible. Relapses should be promptly treated so that the 
child does not develop more than minimal edema. 


Edema 


Edema is controlled with salt restriction and oral hydro- 
chlorothiazide or frusemide for a few days. Salt must 
not be totally stopped and the usual amounts used in 
cooking should be allowed. For massive edema, higher 
doses of frusemide along with spironolactone are needed. 
Infusion of albumin is necessary in cases where serum 
albumin levels are low causing poor renal perfusion and 
oliguria. 
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Infections 


Nephrotic syndrome and steroid therapy render children 
susceptible to infections. Infections with S. pneumoniae, 
gram-negative organisms and varicella are common. 
Children present with serious infections, e.g. peritonitis, 
cellulitis, pneumonia and meningitis. Peritonitis may 
manifest with low grade fever, diarrhea and abdominal 
discomfort. Patients with varicella should receive oral 
acyclovir for 7 days; severe illness requires administration 
of IV acyclovir. Immunization with pneumococcal and 


varicella vaccines is advised once the patient is off steroids 
for 4 weeks. 


Thrombotic Complications 


Patients with nephrotic syndrome are at risk for throm- 
bosis involving renal, pulmonary and cerebral veins. 
Aggressive use of diuretics, venepuncture of deep veins 
and hypovolemia increase the risk of this complication. 
Treatment with low molecular weight heparin followed 
by oral anticoagulants is recommended. 


Hypovolemia and Acute Renal Fallure 


Hypovolemia may occur during a severe disease relapse 
or following administration of diuretics, particularly in 
children with poor oral intake, diarrhea and vomiting. 
Features include abdominal pain, lethargy, dizziness and 
leg cramps, tachycardia, hypotension, delayed capillary 
refill, low volume pulses and clammy distal extremities. 
Elevated ratio of blood urea to creatinine, high hematocrit, 
urine sodium <20 mEq/L, fractional excretion of sodium 
0.2-0.4% and urinary potassium index [urine K* / (urine K* 
+ urine Na*)] >0.6 suggest the presence of hypovolemia. 
Therapy with diuretics should be discontinued. Patients 
require rapid infusion of normal saline (10-20 mL/kg) over 
20-30 min. Those who do not respond to two boluses of 
saline should receive infusion of 5% albumin (10-15 mL/kg) 
or 20% albumin (0.5-1 g/kg). 


Steroid Toxicity 


Repeated and prolonged courses of steroids often result 
in significant toxicity, characterized by cushingoid fea- 
tures, short stature, hypertension, osteoporosis and sub- 
capsular cataract. Timely use of steroid sparing agents 
(levamisole, alkylating agents, cyclosporin) is recom- 
mended. 


Long-term Outcome 


Children with MCNS usually have an excellent prognosis. 
The frequency of relapses decreases with time and a 
majority of patients outgrow the condition by adulthood, 
It is unfortunately not possible to predict when a particular 
patient will stop getting relapses. The mortality rate of 
1-4% is associated with infections and hypovolemia that 
should be preventable. 
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STEROID-RESISTANT NEPHROTIC SYNDROME 


Steroid resistance is diagnosed, if there is lack of TeMission 
despite treatment with prednisolone, at a dose of 2 me/ 
kg /day (60 mg/ m?/day) for 4 weeks followed by 1.5 me/ 
kg (40 mg/m?) on alternate days for another 4 weeks, Care 
is taken to exclude systemic infections (e.g. Peritoniti, 
cellulitis, respiratory tract infections), which might regu 
in persistent proteinuria. The management of thes, 
patients is difficult, with patients showing a variab), 
response to immunosuppression, adverse effects of 
prolonged therapy and risk of progressive renal damage 

Baseline assessment of renal function, blood levels o 
albumin and cholesterol, and estimation of proteinur, 
(24 hours quantitation) guides evaluation. Patients shoulq 
be evaluated for secondary causes. Children with sterojq 
resistance should undergo renal biopsy before instituting 
specific treatment. While patients with minimal change 
disease show satisfactory response to therapy, the 
presence of FSGS with chronic tubulointerstitial changes 
is associated with less satisfactory outcomes. Patients 
should also undergo testing for hepatitis B surface antigen, 
anti-HCV IgG and HIV. 

About 20-30% patients with familial and sporadic 
steroid resistant nephrotic syndrome have homozygous 
or compound heterozygous mutations in genes encoding 
podocyte proteins, including podocin (NPHS2), nephrin 
(NPHS1) and Wilms tumor (WT1) genes. Mutations in 
more than 70 genes are known to be associated with 
steroid resistance. Next-gen sequencing using targetted 
gene or whole exome approach is useful in screening. 
These patients are unresponsive to immunosuppressive 
medications, progress rapidly to end stage renal disease 
and unlike nongenetic FSGS (which recurs after 
transplantation), does not recur in allografts. Where 
facilities exist, mutational analysis should be offered to 
patients with (i) congenital nephrotic syndrome (onse 
below 3 months of age), (ii) family history of SRNS, 
(iii) sporadic initial steroid resistance that does not respond 
to therapy with calcineurin inhibitors, and (iv) girls with 
steroid resistant FSGS. 


Management 


Patients with steroid-resistant nephrotic syndromé 
secondary to minimal change disease, FSGS or mesangi” 
proliferative GN are treated similarly. The chief facto’ 
predicting renal outcome is the response of proteinuria to 
therapy, rather than the renal histology. The aim of therapy 
is thus to induce and maintain remission of proteinu"™ 
while avoiding medication related adverse effects. Mos 
regimens use a combination of an immunosuppress”* 
agent with prednisolone (given on alternate days) am 
angiotensin-converting enzyme inhibitor (Table 17.10). 
The best results are obtained with regimens com 

calcineurin inhibitors (cyclosporine Or tacrolimus) * 
tapering doses of corticosteroids. Although the 2™ 
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Doss Duration 
Calcineurin inhibitors 
CHM 4~5 siyfrifaay 12-28, wentts 
Tari O12 taftgfdey 12-2 trentea 
Cyclophosphamide 
rayon LP-T sets GB presses 
Oro! 2-2.5 nifryday 12 weeks 


High dose corticosteroids with cyclophosphamide 


Msttrprediisjone 20-2) revi WV ‘Pitsee’ on 
attesnate 
days ~& 

Pradnisolone Tapsring doses’ 12 tnonths 

Cyclophosphamide 2-25 nkifday” 12 weeks 


‘Prednisions 1.5 nut on atterrictes Gays 24 Weers. 1 
“Cydoplhaphamiss ts administered Ouring 2-15 weexs 


freatment is the achievernent of complete rernission, 
eccurrence of partial remission js ales satisfactory. Patients 
who respond to treatment do so within 3-6 months. 

Adjunctive therapy with angiotensin-converting 
enzyme inhibitors (e.g. enalapril 0.3-0.6 mg/kg/day, 
ramipril 6 my/m~“/day) is associated with decrease in 
proteinuria and control of hypertension. Adverse effects 
include dry cough, hyperkalemia and decline in renal 
function, Angiotensin receptor blockers (e.g. losartan, 
valyartan) may be used in case of persistent dry cough 
with ACH inhibitors, or as add-on therapy for better 
antiproteinuric effect. Therapy with HMG coenzyme-A 
reductase inhibitors is advised for subjects with persistent 
hypercholesterolemia, 

Hypertension must be controlled and infections mana- 
ged appropriately. Edema is minimized with judicious use 
of diuretics. The use of intravenous albumin is indicated in 
cases with (i) symptomatic hypovolemia, (ii) symptomatic 
edema or (iii) marked ascites that is causing respiratory 
compromise, In cases with hypovolemia, 10-20 mL/kg of 
4,5-5% albumin should be infused. Severe symptomatic 
edema or ascites may be treated with 0.75-1 g/kg of 20% 
albumin, infused over 2 hours, to expand the circulating 
volume followed by frusemide 1 mg/kg. Close monitoring 
is essential to avoid fluid overload and pulmonary edema. 


Congenital Nephrotic Syndrome 


Congenital nephrotic syndrome present in the first 
3 months of life with anasarca, hypoalbuminemia and 
oliguria. The etiology of congenital nephrotic syndrome 
is heterogeneous. The ‘Finnish’ form of the disease is 
Inherited in an autosomal recessive manner, with 
Mutations in the gene encoding nephrin ( NPHS1). The 
characteristic renal histology with microcystic dilation 
Of proximal tubules is seen after a few months of life, 
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WW, Lexopenia; alopeca: nausee and vomiina: 
20-25% gonadal toxicity, hemortegic cystitis 

D-Z5%- Hypertension, typckazlemie, hyperglycemia, steroid 


peychosis, systemic infections 


Side effects of cyclophosphamide and 
prolonged steroid therapy 


23 Wiyfig «4 weeks, 1 malxKg «4 months; 05-0.75 mg/kg x 12-18 months 


although ultrastructural abnormalities of the glomerular 
basement membrane are present at birth. Elevated levels 
of alpha-fetoprotein (AFP) in maternal serum and 
amniotic fluid enable antenatal screening. The clinical 
course is complicated by failure to thrive, recurrent 
infections, hypothyroidism and progression to renal 
failure by 2-3 years. 

Patients with Denys-Drash syndrome show mutations 
in the WT] gene, congenital nephrotic syndrome, male 
pseudohermaphroditism and high risk of bilateral Wilms’ 
tumor. Renal histology is characterized by diffuse 
mesangial sclerosis and there is progressive renal failure. 


Other causes of congenital nephrotic syndrome include 
infections (congenital syphilis, cytomegalovirus disease, 
toxoplasmosis) and mutations in PLCE1 or NPHS2 genes; 
rarely renal histology may be normal (minimal change 
nephrotic syndrome) or show focal segmental glomerulo- 
sclerosis. Therapy of patients with congenital nephrotic 
syndrome includes appropriate nutrition, control of 
edema, thyroxin supplements and reduction of proteinuria 
through ACE inhibitors and/or indomethacin. 


Regular use of IV albumin infusions (every 2-3 weeks) 
avoids marked hypoalbuminemia and reduces the need 
for hospitalization for managing anasarca. 


Suggested Reading 


¢ Ellis D. Pathophysiology, evaluation, and management of edema 
in childhood nephrotic syndrome. Front Pediatr 2016; 3:111. 

* Gulati A, Bagga A, Gulati S, on behalf of the Indian Society of 
Pediatric Nephrology. Guidelines for management of children with 
steroid resistant nephrotic syndrome. Indian Pediatr 2009; 46:35-47. 


* Indian Pediatric Nephrology Group. Indian Academy of Pediatrics. 
Management of steroid sensitive nephrotic syndrome. Revised 
guidelines. Indian Pediatr 2008; 45:203-14. 

® Sinha A, Menon S, Bagga A. Nephrotic syndrome: State-of- 
art. Curr Pediatr Rep 2015; 3:43-61. 
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CHRONIC GLOMERULONEPHRITIS 

Chronic GN is not a single disease entity, but comprises 
advanced stages of several forms of GN. In most cases, the 
glomerular disease is primary and not part of a systemic 
disorder. However, chronic GN may occur in systemic 
lupus erythematosus, microscopic polyarteritis, familial 
nephropathies and nephropathies due to drugs and toxins. 
Variable glomerular deposition of immunoglobulin, 
complement and fibrin is found on immunofluorescence 
studies. Renal biopsy examination in early stages shows 
several patterns, while later the histologic changes are 
nonspecific. Most glomeruli are sclerosed with corres- 
ponding tubular, interstitial and vascular changes. 





Clinical Features 


The patient may be asymptomatic and the disease detected 
on routine urine examination. Others may show failure 
to thrive, persistent anemia, moderate to severe hyper- 
tension, edema, nocturia, microscopic or gross hematuria, 
bone pains and deformities. 


Differential Diagnosis 


It might be difficult to distinguish chronic from acute GN. 
The presence of anemia, growth retardation, hypertensive 
retinopathy, left ventricular hypertrophy and radiological 
skeletal changes indicate impaired renal function of long 
duration. Examination of the renal biopsy is valuable. 
Uninalysis shows proteinuria, hematuria, white cells and 
casts. Urine specific gravity is fixed and low (around 1.010). 
Blood urea and creatinine levels are raised and the 
glomerular filtration rate less than 30 mL/min/1.73 m%. 
Ultrasonography shows small kidneys with regular outline. 


Management 


There is no specific treatment for chronic GN. Treatment 
with immunosuppressive drugs does not offer any benefit. 
The blood pressure should be controlled and infections 
treated. If renal function is compromised, the treatment is 
that of advanced chronic kidney disease. 


This is focal or diffuse inflammatory reaction of renal 
interstitium with secondary involvement of tubules and 
rarely, glomeruli. Acute interstitial nephritis is usually due 
to infections or drugs (e.g. ampicillin, cephalosporins), 
Common causes of chronic interstitial nephritis include 
urinary tract obstruction and vesicoureteric reflux. 
Interstitial nephritis may be a feature of a systemic 
disorder (e.g. systemic lupus, vasculitis, associated with 
uveitis); autoantibodies to tubular basement membrane 
are found in some cases. 

The clinical features are nonspecific and include 
abdominal pain, anorexia, pallor, headache and edema. 
Hypertension is absent. The presence of progressive renal 


3] 


insufficiency associated with satisfactory urine ou ut 
and minimal urinary abnormalities suggest the diagnosis 
Leukocytes and eosinophils are frequently seen in the 
urine. 

Arenal biopsy establishes the diagnosis and helps asses 
severity. Drug-related interstitial nephritis is treated with 
stoppage of the offending drug; treatment with corticos. 
teroids is beneficial. The treatment of chronic interstitia} 
nephritis is symptomatic. 


Suggested Reading 
e Ulinski T, Sellier-Leclerc AL, Tudorache E, et al. Acute 
tubulointerstitial nephritis. Pediatr Nephrol 2012; 27:1051-7, 


URINARY TRACT INFECTIONS 


Urinary tract infection (UTI) isa common medical problem 
in children, affecting 3-10% girls and 1-3% boys. They 
are an important cause of morbidity and might result in 
renal damage, often in association with vesicoureteric 
reflux (VUR). During infancy, UTIs are equally common 
in boys and girls because the route of infection is often 
hematogenous and boys have a higher incidence of 
urinary tract anomalies. Beyond infancy, the incidence is 
higher in girls. 





Microbiology 


UTIs are chiefly caused by E. coli the predominant 
periurethral flora, others include Klebsiella, Enterobacter 
and Staphylococcus saprophyticus. Proteus and Pseudomonas 
infections occur following obstruction or instrumentation; 
Candida infection occurs in immunocompromised children 
or after prolonged antimicrobial therapy, 


Predisposing Factors 


Recurrent UTIs are observed in 30-50% children, usually 
within 3 months of the first episode. Predisposing factors 
for recurrent UTI include female sex, age below 6 months, 
obstructive uropathy, severe vesicoureteric reflux (VUR), 
voiding dysfunction, constipation and repeated 
catheterization, e.g. for neurogenic bladder. Children 
with malnutrition and those receiving immuno 
suppressive therapy are also susceptible. 


Clinical Features 


Neonates show features of sepsis with fever, vomiting: 
diarrhea, jaundice, poor weight gain and lethargy. The 
older infant has unexplained fever, frequent micturition 
and occasionally convulsions. Gross hematuria }§ 
uncommon. The presence of crying or straining during 
voiding, dribbling, weak or abnormal urine stream 4" 
palpable bladder suggest urinary obstruction. 

It is difficult to distinguish between infection localize4 
to the bladder (cystitis) and upper tracts (pyelonephritis 
The distinction is not necessary since most UTI in chil ren 
below 5 years of age involve the upper tracts. Patients 
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high fever (>39°C), systemic toxicity, persistent vomiting, 
dehydration, renal angle tenderness or raised creatinine are 
considered as complicated. Patients with low grade fever, 
dysuria, frequency and urgency and absence of symptoms 
of complicated UTI are considered to have simple UTI, This 
distinction is important for Purposes of therapy. 


Important features on evaluation include history of 
straining at micturition, Incontinence or poor urinary 
stream, voiding postponement and surgery for meningo- 
myelocele or anorectal malformation. Finding of palpable 
kidney(s), distended bladder, tight phimosis or vulval 


synechiae and neurological deficit in lower limbs suggest 
a predisposing cause. 


Diagnosis 


The diagnosis of UTI is based on growth of significant 
number of organisms of a single Species in the urine. 
Significant bacteriuria is a colony count of >105/mL of a 
single species in a clean catch sample. Urine may be 
obtained by suprapubic bladder aspiration or urethral 
catheterization in children below 2 years. Any colonies 
on suprapubic aspiration and >50,000/mL on urethral 
catheterization are considered significant. The occurrence 
of significant bacteriuria in absence of symptoms is termed 
asymptomatic bacteriuria. 

The presence of >10 leukocytes per mm? in fresh 
uncentrifuged sample, or >5 leukocytes per high power 
field in centrifuged sample is useful for screening. Dipstick 
examination, combining leukocyte esterase and nitrite, has 
moderate sensitivity and specificity for detecting UTI. 


Treatment 


Once UTI is suspected, a urine specimen is sent for culture 
and treatment started. Infants below 3 months of age and 
children with complicated UTI should initially receive parenteral 
antibiotics, The initial choice of antibiotics is empiric and is 
modified once culture result is available. While a third 
generation cephalosporin is preferred, therapy witha 
single daily dose of aminoglycoside is also safe and 
effective (Table 17.11). Once oral intake improves and 
Symptoms abate, usually after 48-72 hours, therapy is 
Switched to an oral antibiotic. The duration of treatment for 
complicated UTI is 10-14 days. Older infants and patients 
with simple UTI should receive treatment with an oral 
antibiotic for 7-10 days. Adolescents with cystitis may 
receive shorter duration of antibiotics, lasting 72 hours. 
Patients with asymptomatic bacteriuria do not require treatment. 

All children with UTI are encouraged to take enough 
fluids and empty the bladder frequently. Routine 
alkalization of the urine is not necessary. With appropriate 
therapy, fever and systemic toxicity reduce and urine 
culture is sterile within 24-36 hours. Failure to obtain such 
Tesults suggests either lack of bacterial sensitivity to the 
medication or presence of an underlying anomaly of the 
urinary tract. A repeat urine culture is not required during 


|Table 17.11: Antimicrobias Yor weaiment of UTI) =) 


Medication Dose (mg/kg/day) 

Parenteral 

Ceftriaxone 75-100, in 1-2 divided doses IV 
Cefotaxime 100-150, in 2-3 divided doses IV 
Amikacin 10-15, single dose IV or IM 
Gentamicin 5-6, single dose IV or IM 

Coamoxiclav 90-75 of amoxicillin, in 2 divided doses IV 
Oral 

Cefixime 8-10, in 2 divided doses 

Coamoxiclav 30-50 of amoxicillin, in 2 divided doses 
Ciprofloxacin 10-20, in 2 divided doses 

Ofloxacin 15-20, in 2 divided doses 

Cephalexin 50-70, in 2-3 divided doses 


or following treatment, unless symptoms fail to resolve 
despite 72 hours of therapy symptoms recur, or 
contamination of the initial culture is suspected. 


Imaging Studies 


Following treatment of the first episode of UTI, plans are made 
for evaluation of the urinary tract. The aim of imaging studies 
is to identify urologic anomalies that predispose to 
pyelonephritis, such as obstruction or vesicoureteric 
reflux, and detect evidence of renal scarring. Renal 
ultrasonography is useful in detecting hydronephrosis or 
anomalies of the urinary bladder and may be performed 
even during therapy for UTI. Micturating cystourethrogram 
is necessary for the diagnosis and grading of VUR 
(Fig. 17.13) and defines urethral and bladder anatomy. 
This procedure may be performed 2-4 weeks after 
treatment of the UTI. DMSA scintigraphy detects cortical 
scars, which are regions of decreased uptake with loss of 
renal contours or presence of cortical thinning with 
decreased volume (Fig. 17.5a). In order to distinguish scars 
from reversible changes of pyelonephritis, this procedure 
is done 3-4 months after therapy for UTI. 

These investigations should be performed judiciously, 
such that sufficient evaluation is done but at minimum 
risks of radiation exposure. The recommendations of the 
Indian Society of Pediatric Nephrology on evaluation 
following the first UTI are summarized in Table 17.12. All 
infants (<1 year) require evaluation using ultrasonography, 
MCU and DMSA scan, since they are at the highest risk of 
UTI recurrence and scarring. Early detection of high grade 
VUR or obstructive uropathy allows interventions to 
prevent progressive kidney damage. Imaging is less 
aggressive in older children, but patients with recurrent 
UTI require detailed evaluation for anomalies. 


Preventing Recurrent UTI 


Prophylactic antibiotics are administered to young infants 
until results of imaging are available. The medication used 
should be effective, nontoxic and not alter the gut flora or 
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‘Table 17.12: Evaluation following the first episode of urinary 
tract Infection 

Age Evaluation" 

Ultrasound 

Micturating cystourethrogram (MCU) 
Dimercaptosuccinic acid (DMSA) renal scan 
Ultrasound 

DMSA scan 

MCU, if ultrasound or DMSA scan is abnormal 


Above 5 years Ultrasound 
If ultrasound abnormal: MCU and DMSA scan 


“Patients with recurrent UTI need detailed evaluation with 
ultrasonography, DMSA scan and MCU 


Below 1 year 


1-5 years 


| Table 17.13: Antimicrobials for prophylaxis of urinary tract infections 
Medication Dose (mg/kg/day) Remarks 


Cotrimoxazole 1~—2 of 
trimethoprim 


Avoid in infants 
<3-mo-old, glucose- 
6-phosphate 
dehydrogenase 
(G6PD) deficiency 


May cause vomiting 
and nausea; avoid 
<3-mo-old, G6PD 
deficiency, renal 


Nitrofurantoin 1-2 


, insufficiency 
_Cephalexin 10 Drug of choice in first 
3-6 months of life 
Cefadroxil 5 Alternative agent 


in early infancy 


Usually given as single bedtime dose 


induce bacterial resistance (Table 17.13). The medication is 
given as a single bedtime dose. Long-term antibiotic 
prophylaxis is also recommended in patients with VUR and 
in those with frequent febrile UTI (3 or more episodes in a 
year), even if the urinary tract is normal. 

Circumcision reduces the risk of recurrent UTI in infant 
boys, and might have benefits in patients with high grade 
VUR. Children with recurrent UTI and/or VUR might 
have dysfunctional voiding and require appropriate 
advice. Constipation should be managed with dietary 
modifications and medications as required. Some patients 
may require bladder retraining, anticholinergic medi- 
cations and/or clean intermittent catheterization. 


Suggested Reading 


* American Academy of Pediatrics, Subcommittee on Urinary tract 
infections. Urinary tract infection: Clinical practice guideline for 
the diagnosis and management of the initial UTI in febrile infants 
and young children 2 to 24 months. Pediatrics 2011;128:593-610. 

* Garcia-Roig ML, Kirsch AJ. Urinary tract infection in the setting of 
vesicoureteral reflux. F1000Res. 2016 June 30;5. 


management of urinary tract infections. Indian Pediatr 2011; 
48:709-17. 


| * Indian Society of Pediatric Nephrology. Revised statement on 


* Okarska-Napierala M, Wasilewska A, Kuchar E. Urinary tra, 
infection in children: Diagnosis, treatment, imaging—comparig,,. 
of current guidelines. J Pediatr Urol 2017:S1477-5131:30353-4. 

© Traisman ES. Clinical management of urinary tract infection, 
Pediatr Ann 2016;45:e108-11. 


VESICOURETERIC REFLUX 7 


Vesicoureteric reflux (VUR) refers to the retrograde flow 
of urine from bladder to ureters and pelvis at rest or during 
micturition. Pathogenic organisms that might be present in 
the bladder can gain access to the renal parenchyma, ini- 
tiate inflammation and renal scarring (reflux nephropathy). 
VUR may be an isolated anomaly (primary) or associated 
with other anomalies of the urinary tract (secondary). 
VUR is present in 30-35% of children with febrile UTI 
and is a major risk factor for acute pyelonephritis and 
reflux nephropathy. The latter may result in hypertension, 
renal insufficiency and cause morbidity during pregnancy. 
Two techniques are commonly used to detect VUR The 
radiocontrast MCU is commonly used since in addition 
to showing VUR it provides excellent anatomical details 
(Fig. 17.13). The severity of VUR is graded from I to V 
(Fig. 17.14). Isotope radionuclide cystography is more 
sensitive for detecting VUR and causes less radiation 
exposure but provides fewer anatomical details. 


Management 


The proposed guidelines for management of VUR are 
outlined in Fig. 17.15. Randomized trials suggest that 
antibiotic prophylaxis have a modest benefit in reducing 
the risk of recurrent UTI. Continuous antibiotic 
prophylaxis is recommended as the initial treatment for 
all children with VUR since it reduces periurethral 
colonization and, thereby, the risk of recurrent UTI. 
Cotrimoxazole or nitrofurantoin is given as a bedtime 
dose. Since the risk of recurrent UTI and renal sca rring 1s 
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Fig. 17.13: Micturating cysotourethrogram showing bllatere 
grade V vesicoureteric reflux In a girl with recurrent UTI. Note thé 
dilatation, tortuosity of ureters and Cupping of the calyces 


Disorders of Kidney and Urinary Tract 


ifs 


Fig. 17.14: Grading of vesicoureteric reflux (VUR) on micturating 
cystouretnrogram. Grade /: VUR does not reach the renal pels: 
Graae I; VUR extending up to the renal pelvis without dilatation of 
pelvis or calyceal fomices; Grade Ii: VUR extending up to the kidney, 
with mild dilatation or tortuosity of the ureter and renal pelvis, and 
no or minor blunting of the calyceal fomices; Grade IV’ Moderate 
dilatation or tortuosity of the ureter, renal pelvis and fomices, with 
complete obliteration of the sharp angles of the calyceal fomices, 
but normal appearance of the papillary impressions: Grade V: Gross 
dilatation and tortuosity of the ureter, renal pelvis and catyces, with 
loss of papillary impressions on calyces 


Vesicoureteric reflux 


Grades | and Il Grades III to V 
v a 


| Antibiotic prophylaxis - Antibiotic prophylaxis till 5-year-old. 
till 1-year-old Continue beyond 5 years, if bowel 
bladder dysfunction is present 


Breakthrough febrile UT] 


: | 
Consider surgery 


Fig. 17.15: Management of vesicoureteric reflux. Medical 
therapy is based on the principle that VUR resolves over time, 
and prophylactic antibiotics maintain urine sterility and prevent 
infections while awaiting spontaneous resolution, Reflux takes 
longer to resolve, if associated with bowel bladder dysfunction 
or If high grade reflux is present; such patients require prolonged 
Prophylaxis. Surgical correction of VUR is indicated, if break- 
through infections occur, since significant parenchymal injury 


May occur with pyelonephritis 













Breakthrough febrile UT| 


‘Restart antibiotic prophylaxis | 


low after 4-5 years of age, prophylaxis may be 
discontinued in children older than 5 years with normal 
bowel and voiding habits, even if mild to moderate reflux 
persists. 

Other measures to be instituted include a liberal fluid 
intake, regular and complete bladder emptying and local 
toilet. Constipation should be avoided. A close follow-up 
is required for occurrence of breakthrough UTI. 

The indications for surgical correction of primary VUR 
are limited and include poor compliance or intolerance to 
Medical treatment. Patients with grades II] to V reflux may 
be offered surgical repair, if they have breakthrough 
febrile UTI, if parents prefer surgical intervention to 
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prophylaxis, or in patients who show deterioration of renal 
function. Ureteric reimplantation has cure rates of 95-97%. 

The precise indication for endoscopic submucosal 
injection of dextranomer/hyaluronic acid copolymer 
(Deflux) at ureteric orifices is not defined. While results 
are satisfactory in centers with expertise, a significant 
proportion of patients, particularly those with bowel 


bladder dysfunction, may show persistence and/or 


recurrence of reflux. 


_ Follow-up 


Repeat imaging is required after 18-36 months in patients 
with grades III-V VUR. Radionuclide cystogram, with 
lower radiation exposure and higher sensitivity, is preferred 
for follow-up evaluation. Urinalysis and measurement of 
height, weight and blood pressure are done annually. Urine 
cultures are obtained, if the patient has symptoms of UTI. 


Screening of Siblings and Offspring 


VUR is inherited in an autosomal dominant manner with 
incomplete penetrance; almost one-third siblings and 
offspring of patients show VUR. Ultrasonography is 
recommended to screen for presence of reflux; further 
imaging is performed, if ultrasonography is abnormal. 


Outcome 


Primary VUR tends to resolve by 6-10 years of age. Factors 
favoring resolution are younger age and low grade and 
unilateral VUR. The rate of resolution is 70-90% for grades 
I-III and 10-35% for higher grades. 


Reflux Nephropathy 


This is characterized by renal cortical scarring, pre- 
dominantly at the poles. The underlying calyces lose their 
normal concave shape and show clubbing. Such scarring 
occurs early in life when the kidneys are still growing. 
Reflux nephropathy is an important cause of hypertension 
and end stage renal disease in children. 


suggested Reading 


* Nevéus T, von Gontard A, Hoebeke P, et al. The standardization 
of terminology of lower urinary tract function in children and 
adolescents: report from the standardization committee of the 
International Children Continence Society. J Urol 2006;176:314-24. 

¢ Peters CA, Skoog SJ, Arant BS, et al; American Urological 
Association Education and Research. Summary of the AUA 
guideline on management of primary vesicoureteral reflux in 
children. J Urol 2010;184,1134—44. 

¢ Skoog SJ, Peters CA, Arant BS, et al. American Urological 
Association Education and Research. Pediatric vesicoureteral reflux 
guidelines panel summary report: Clinical practice guidelines for 
screening siblings of children with vesicoureteral reflux and 
neonates/infants with prenatal hydronephrosis. J Urol 2010; 
184:1145-51. 

e Yeung CK, Chowdhary SK, Sreedh B. Minimally invasive 
management for vesicoureteral reflux in infants and young 
children. Clin Perinatol 2017;44:835-49. 
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ACUTE KIDNEY INJURY 
Acute kidney injury (AKI) or acute renal failure (ARF) 
denotes an acute impairment of renal function resulting 
in retention of nitrogenous wastes and other metabolic 
derangements. Oliguria or anuria is a prominent feature, 
though rarely urine output may be normal. 


Definition and Classification 


In the absence of a standard definition of ARF, the term 
acute kidney injury (AKI) is proposed to reflect the entire 


spectrum of the disorder. Patients are diagnosed to have © 


AKI, if there is abrupt reduction in kidney function, 
defined as either (i) absolute increase in serum creatinine 
of more than or equal to 0.3 mg/dL over 48 hours, or a 
percentage increase of more than or equal to 50% from 
baseline in last 7 days, or (ii) reduction in urine output 
(less than 0.5 mL/kg/hr for >6 hours). The inclusion of 
both an absolute and a percentage change in creatinine 
allows for variations related to age, gender and body mass 
index. Table 17.14 shows the classification of AKI. 


Incidence and Etiology 


The etiology of AKT is classified as prerenal, intrinsic renal 
or postrenal (Table 17.15). The chief causes of AKI include 
acute tubular necrosis (ATN) secondary to hypovolemia, 
sepsis and nephrotoxic agents, acute glomerulonephritis 
and hemolytic uremic syndrome (HUS). Postrenal failure 
is consequent to mechanical obstruction in the collecting 
system. In developing countries, common causes include 
septicemia with multiorgan failure, HUS, gastroenteritis 
with dehydration, postinfectious and crescentic GN and 
intravascular hemolysis. In developed countries, AKI 
follows major surgical procedures, HUS and severe 
systemic infections. 


Pathophysiology 


Prerenal failure is secondary to systemic hypovolemia or 
renal hypoperfusion, where renal tubular injury leads to 
marked decline in glomerular filtration and renal blood 
flow, often by 50 to 75%. Leakage of glomerular filtrate 
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Serum creatinine 
1 Increase in serum creatinine of >0.3 mg/dL over 


48 hours or >150% to 200% (1.5- to 2-fold) from 
baseline in last 7 days 


2 Increase in serum creatinine to more than 200% 
to 300% (>2- to 3-fold) from baseline 


Increase in serum creatinine to more than 300% 


‘Stage ; 


ges 
hours 


24.0 mg/dL with acute increase of >0.5 mg/dL) 


to the circulation across the damaged tubular 
and tubular obstruction from impaction of 
lular debris results in oliguria. While early 
stages are rapidly reversible by infusion of fluids, 
prolonged or severe ischemia may lead to acute tubular 
necrosis. Nephrotoxic agents cause uniform epithelial 
damage, especially in the proximal tubules, without 
disruption of tubular basement membrane. 

In acute tubular necrosis, examination may be normal 
except for dehydration. The oliguric phase lasts about 
3-10 days, during which period the biochemical and 
clinical abnormalities gradually worsen, more rapidly if 
infection, trauma and bleeding are associated. Subse- 
quently, urine output increases steadily. A diuretic Phase 
may be observed, usually lasting fora week, during which 
large amounts of water and electrolytes may be lost. 


back in 
epithelium 
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Approach to Evaluation 


History provides clues to the underlying cause of AKI. It 
is important to examine for prerenal factors that lead to 
renal hypoperfusion. A history of diarrhea, vomiting, fluid 
or blood loss is taken and assessment of fluid intake in 
the previous 24 hours made. In patients with nephro- 
toxicity or intravascular hemolysis, urine output is often 
not diminished (nonoliguric renal failure). 

Laboratory evaluation (Table 17.16) includes blood 
counts and estimation of blood levels of urea, creatinine, 
electrolytes, pH and bicarbonate and urinalysis. In 
prerenal azotemia, the renal tubular function is intact and 
reabsorption of water and sodium is increased. The urine 
is concentrated with low sodium content. Impaired 
tubular function in intrinsic renal failure results in 
increased sodium excretion and failure to concentrate 
urine. Determination of urine sodium and osmolality and 
fractional excretion of sodium help in differentiating 
functional oliguria (prerenal) from established (intrinsic) 
renal failure. Ultrasonography is a useful imaging tool in 
renal failure since it allows visualization of the pelvi- 
calyceal system and assessment of the renal size, structural 
anomalies and calculi, and does not depend on renal {unction. 

Most patients with AKI do not require a renal biopsy: 
Indications for biopsy are: (i) rapidly progressive oF 


fable 17.14: Staging of acute kidney injury (AKI), based on KDIGO criteria* | 


Urine output 
Less than 0.5 mL/kg per hour for >6 hours 


Less than 0.5 mL/kg per hour for +12 hours 


Less than 0.3 mL/kg Per hour f 


or 24 hours, uria for 12 
(>3-fold) from baseline (or se S, or an 


rum creatinine 


Saly one criterion (creatinine or urine output) should be fulfilled to qualify for a Stage 
Patients receiving renal replacement therapy (RRT) are considered in Stage 3 


KDIGO: Kidney Disease Improving Global Outcomes 


Disorders of Kidney and Urinary Tract 


Table 17.15: Important causes of acute kidney injury 
Prerenal failure 


Hypovolemia (dehydration, blood loss, diabetic ketoacidosis) 


Third space losses (septicemia, nephrotic syndrome) 
Congestive heart failure 


Perinatal asphyxia 
Drugs (ACE inhibitors, diuretics) 
intrinsic renal failure 
Acute tubular necrosis 
Prolonged prerenal insult (see above) 
Medications: Aminoglycosides, radiocontrast, NSAIDs 
Exogenous toxins: Diethylene glycol, methanol 
Intravascular hemolysis, hemoglobinuria 
Tumor lysis syndrome 
Hemolytic uremic syndrome: Infection associated, atypical 
Glomerulonephritis (GN) 
Postinfectious GN 
Systemic disorders: SLE, Henoch-Schénlein syndrome, 
microscopic polyangiitis 
Membranoproliferative GN 
Interstitial nephritis (drug-induced, idiopathic) 
Bilateral renal vessel occlusion (arterial, venous) 


Postrenal failure 


Posterior urethral valves, urethral stricture 
Bilateral pelviureteric junction obstruction 
Ureteral obstruction (stenosis, stone, ureterocele) 
Neurogenic bladder 


NSAIDs: Nonsteroidal anti-inflammatory drugs; SLE: Systemic lupus 
erythematosus 


nonresolving glomerulonephritis; (ii) AKI associated with 
underlying systemic disorder, e.g. lupus erythematosus, 
Henoch-Schoénlein purpura; (iii) suspected interstitial 
nephritis; (iv) clinical diagnosis of acute tubular necrosis 
or HUS, if significant dysfunction persists beyond 2-3 
weeks; (v) underlying cause of AKI not apparent on 
clinical features and investigations. Patients with severe 
azotemia might require dialysis prior to biopsy to reduce 
the risk of bleeding. Figure 17.16 indicates representative 
diagnoses on histology. 

Occasionally, a patient with undetected chronic kidney 
disease may present for the first time with acute onset of 
oliguria. History of previous renal disease may be present. 
The presence of the following suggests the possibility of 
chronic kidney disease: (i) retarded physical growth, 
(ii) severe anemia, (iii) hypertensive retinopathy, 
(iv) hypocalcemia, hyperphosphatemia and high para- 
thormone, (v) radiologic features of mineral bone disease 
and (vi) small kidneys on imaging. 


Management 


Prompt clinical and laboratory evaluation is necessary. 
Management includes treatment of life-threatening 
complications, maintenance of fluid and electrolyte balance 
and nutritional support. Evaluation for complications 
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Table 17.16: Investigations in patients with acute kidney injury 
Complete blood counts 


Blood: Urea, creatinine, sodium, potassium, calcium, 
phosphate, pH, bicarbonate 

Urinalysis; culture 

Urine: Sodium, osmolality, fractional excretion of sodium 
Chest X-ray (for fluid overload, cardiomegaly) 

Abdominal ultrasonography 


Investigations to determine cause 


Peripheral smear examination, platelet and reticulocyte count, 
complement (C3), LDH levels; stool shigatoxin (suspected 
hemolytic uremic syndrome) 

Blood ASO, C3, antinuclear antibody, antineutrophil cytoplasmic 
antibody (suspected acute, rapidly progressive GN) 

Doppler ultrasonography (suspected arterial, venous 
thrombosis) 

Renal biopsy (specific diagnosis feasible) 


includes measurement of blood pressure, search for signs 
of congestive heart failure, fluid overload, acidosis and 
anemia. Complications such as dehydration or fluid 
overload, hypertension, heart failure, severe anemia, 
hyperkalemia and acidosis require urgent treatment. 


Fluld Repletion 


Prerenal ARF responds to fluid replacement with 
improved renal perfusion and increased urine output. 
Dehydration is corrected by infusion of 20-30 mL/kg of 
normal saline or Ringer’s lactate over 45-60 min. If 
hemorrhage accounts for vascular collapse, blood 
transfusion should be given. Potassium should not be 
administered until urine flow is established; care is taken 
to avoid overhydration. Patients with renal hypoper- 
fusion, in whom the only reason for oliguria is intra- 
vascular volume depletion, respond to fluids with increase 
in urine output (~2 mL/kg over 2-3 hours). Appropriate 
fluid therapy should be continued. However, if no diuresis 
occurs despite correction of dehydration, frusemide 
(1-2 mg/kg IV) may be given. If these measures fail to 
induce diuresis, a diagnosis of AKI is likely. 


Fluld Restriction 


In patients with AKI, fluid retention may result from 
excessive oral or parenteral fluids, and leads to edema, 
hypertension and heart failure. Daily fluid requirement 
is restricted to insensible water losses (300-400 mL/m/’), 
urine output and extrarenal fluid losses. This is usually 
given orally; intravenous fluids are not required. 

Intake—output monitoring, daily weight, physical exami- 
nation and serum sodium guide fluid management. If fluid 
in an appropriate volume and composition is given, the 
patient should lose 0.5-1% of weight every day and serum 
sodium should stay within normal range. A rapid weight 
loss and rising sodium suggest inadequate fluid 
replacement, while absence of weight loss and low serum 
sodium indicate fluid excess. 
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Fig. 17.16: Photograph of kidney blopsy showing (a) Acute tubular necrosis/injury In the form of simplification of proximal tubular 
eplthellum along with fine granular casts In some tubular lumina (H & E 200 x); (1b) Patch of acute cortical necrosis involving glometull, 
tubules and interstitium with adjacent relatively preserved cortical parenchyma (H & E 40x); (c) Thrombotic microangiopathy, suggested 
| by glomeruli with marked endothelial swelling, capillary lumina occluded by fibrin thrombi and mesangiolysis; (d) Thrombotic 
microangiopathy, suggested by glomerull showing endothelial swelling and detachment, widened subendothelial spaces, and 
arterioles showing Intimal hyperplasia, endothelial swelling and lumen occluded by platelet thrombi (arrow) 
Diet collected by condom drainage; bladder should preferably 
: not be catheterized. The risk of infection is high and 


usually catabolic. Adequate nutritional support with 
maximization of caloric intake should be achieved as early 
as possible. A diet containing 1.0-1.2 g/kg of protein in 
infants and 0,8-1.2 g/kg in older children and a minimum 
of 60-80 Kcal/kg is recommended. Energy requirements 


| 
Patients with AKI have increased metabolic needs and are 
| 


are met by addition of carbohydrates and fat in the diet. 
Vitamin and micronutrient supplements are provided. In 
patients with oligoanuria and fluid overload, daily caloric 
requirement cannot be met due to fluid restriction. Once 
dialysis is initiated, dietary protein, fluid and electrolyte 
intake should be increased. 


General Measures 


Patients with AKI are managed under intensive care 
conditions. Accurate records of intake and output and 
daily weight should be maintained. Urine should be 





appropriate preventive measures are necessary. Prophy- 
lactic antibiotics are not recommended, but infections 
should be promptly managed. 


Drugs that increase severity of renal damage, delay 
recovery of renal function or reduce renal perfusion, e.g: 
aminoglycosides, radiocontrast media, NSAIDs, ampho 
tericin B, ACE inhibitors and indomethacin should be 
avoided. Standard charts are used for modifying the dose 
and dosing interval of antibiotics, depending on the 
severity of renal injury. While diuretics may transiently 
improve urine output, they do not affect renal function % 
acute outcomes. Their utility is limited to settings wher 
high urine flow is required to prevent intratubulat 
precipitation (intravascular hemolysis, hyperuricem® 
myoglobinuria) and patients with pulmonary edema 
awaiting dialysis. 


Disorders of Kidney and Urinary Tract 


Dopamine at low doses causes renal vasodilatation and 
may induce a modest natriuresis and diuresis. However, 
it has no beneficial effect on the outcome of AKI, and may 
be associated with transient tachyarrhythmia or tissue 
ischemia. Hence, its use for prevention or treatment of 
acute tubular necrosis is not recommended. The role of 
other medications, including fenoldopam, atrial natriuretic 
peptide and calcium channel blockers is investigational. 


Treatment of Complications 


In a child with ARF, immediate attention is directed 
towards detection and management of life-threatening 
complications. Table 17.17 lists important complications 
and measures for their management. Children with 
pulmonary edema and congestive cardiac failure may 
require endotracheal intubation and assisted ventilation. 
Severe acidosis is treated by administration of sodium 
bicarbonate, and, if persistent, dialysis. 

Infections, including respiratory and urinary tract, 
peritonitis and septicemia, are important causes of death. 
Procedures should be performed with aseptic techniques, 
IV lines carefully watched, skin puncture sites cleaned, 
and long-term catheterization of the bladder avoided. 


Specific Therapy 

Patients with atypical HUS benefit from plasma exchanges. 
Immunosuppressive medications and plasma exchange 
are useful in dialysis-dependent patients with vasculitis, 
crescentic GN or systemic lupus erythematosus. If 


interstitial nephritis is suspected, the offending agent 
should be withdrawn and oral corticosteroids given. 


Dialysis 


AKI requiring dialysis can be managed with multiple 
modalities, including peritoneal dialysis, intermittent 
hemodialysis and continuous hemofiltration or hemodia- 
filtration. The purpose of dialysis is to remove endogenous 
and exogenous toxins and maintain fluid, electrolyte and 
acid-base balance until renal function recovers. 


Indications for dialysis include persistent hyperkalemia 
(>6.5 mEq/L), fluid overload (pulmonary edema, severe 
hypertension), uremic encephalopathy, severe metabolic 
acidosis (bicarbonate <10-12 mEq/L) and hyponatremia 
(<120 mEq/L) or hypernatremia. The decision to institute 
dialysis should be based on assessment of the patient and 
keeping in view the likely course of AKI. Dialysis should 
begin early to prevent life-threatening complications. 


The choice of dialysis modality is influenced by several 
factors, including goals of dialysis, the advantages and 
disadvantages of each modality and institutional resources 
(Table 17.18). 


Peritoneal dialysis: Peritoneal dialysis does not require 
vascular access and sophisticated equipment and is easy to 
perform even in neonates. It is often the initial renal 
replacement therapy of choice in sick and unstable infants. 
Peritoneal access is obtained using a stiff catheter and trocar, 


1 Table 17.17: Management of complications 


Complication Treatment 


Fluid overload 


Pulmonary edema Oxygen; frusemide 2-4 mg/kg IV 


Hypertension Symptomatic. Sodium nitroprusside 0.5-8 yg/kg/ 
minute infusion; frusemide 2—4 mg/kg IV; nifedipine 
0.3-0.5 mg/kg oral/sublingual 
Asymptomatic. Nifedipine, amlodepine, prazosin, 
labetalol, clonidine 

Metabolic Sodium bicarbonate (IV or oral), if bicarbonate levels 

acidosis <18 mEq/L 


Hyperkalemia 
minutes IV 
Salbutamol 5-10 mg nebulized 


Dextrose (10%) 0.5-1 g/kg and insulin 0.1-0.2 U/kg IV 
Sodium bicarbonate (7.5%) 1-2 mL/kg over 15 min 
Calcium or sodium resonium (Kayexalate) 1 g/kg 


Fluid restriction; if sensorial alteration or seizures 


Hyponatremia 
3% saline 6—12 mL/kg over 30-90 min 


Severe anemia 
transfusion 


Hyper- 


Phosphatemia aluminum hydroxide) 


Fluid restriction. \Insensible losses (400 mL/m2/day); 
add urine output and other losses; 5% dextrose for 
insensible losses; N/5 saline for urine output 


Calcium gluconate (10%) 0.5—1 mL/kg over 5-10 


Packed red cells 3-5 mL/kg; consider exchange 


Phosphate binders (calcium carbonate, acetate; 


Remarks 


Monitor other losses and replace as appropriate; 
prefer oral to parenteral fluids; consider dialysis 


Monitor using CVP; consider dialysis 


In emergency, reduce blood pressure by one-third 
of the desired reduction during first 6-8 hours, one- 
third over next 12-24 hours and the final one-third 
slowly over 2-3 days 


Watch for fluid overload, hypernatremia, 
hypocalcemia; consider dialysis 

Stabilizes cell membranes; prevents 

arrhythmias 

Shifts potassium into cells 

Requires monitoring of blood glucose 

Shifts potassium into cells; less efficient 

Given orally or rectally, can be repeated 4-8 hours 


Hyponatremia is usually dilutional; 12 mL/kg of 3% 
saline raises sodium by 10 mEq/L 


Monitor blood pressure, fluid overload 


Avoid high phosphate products: Milk products, high 
protein diets 
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Table 17,16: Comparison of modalities of dialysis for kidney injury 


Continuous renal 
reaiures atcae canes replacement therapy 
Avaltabilily; ease of parformance ++ 2 as 
Technical expartise required ~ + ‘ 

Vascular access required 2 + é 
Anticoagulation required ~ + : 
Blow and continuous removal of fluid + = 

and toxins without dysé6quilibrium 

Rlapld clearance of toxins, fluid - ++ + 
Achlave desired fluid removal +/— + ++ 
Feasible In hamodynamically unstable patients + - aj 
Cost ~ + ge 


or a BOfL Hllantlc catheter (ace Chapter 29), The abdominal 
skin Is prepared an for a surgical procedure, Dialysis fluid 
Is Infused 30-50 mL/ky, left in the peritoneal cavity for 30- 
60 min and then crained using siphon effect (Fig. 17.17a), 
Initially 30 AN cycles are carried out. Commercially available 
dlalysatenare lactate based and witha dextrose concentration 
0f1,7'%, In patients with fluid overload, the concentration 
of dextrose js Increased to 2,5-3% to facilitate ultrafiltration, 
Potassium Ia notladded in the first 5-10 cycles, to enable 
correction of hyperkalemia, Later, 3-4 mEq/L potassium 
chloride Is added to the dialysate. The results of peritoneal 
dialysis are gratifying, Inacute tubular necrosis, often a single 
Halysts Is adequate, The procedure can be repeated, if 
necessary, 
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The most important complication is peritonitis, 
Meticulous aseptic precautions will minimize its incidence, 
Stiff catheters should be removed after 48-72 hours, beyond 
which the risk of infection is very high. The risk of injury 
to viscera and infections is considerably less with soft 
silastic (Tenckhoff or Cook) catheters, which, therefore, can 
be used for prolonged periods. While the standard 
(double-cuff) Tenckhoff catheter needs to be placed 
surgically, a temporary (peel away) catheter is inserted 
bedside. The use of an automated cycler is preferred to 
manual peritoneal dialysis. 


Hemodialysis: Hemodialysis is efficient for correction of 
fluid and electrolyte abnormalities. It is expensive to 
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Fig. 17.17: Modalitlos of dialysis for acute kidney Injury. (a) Peritoned| dialysis Is based on solute exchange and water transfe! 
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institute, and requires expertise and skilled nursing. The 
procedure might not be suited for patients with hemo- 
dynamic instability, bleeding tendency and in young 
children with difficult vascular access. — 

The equipment required are the hemodialysis machine, 

ediatric dialyzer with tubings and dialysate fluid 
(Fig. 17.17b). These dialyzers are available in different sizes 
(0.5-1.5 m?) and selection depends upon patient size and 
ultrafiltrate properties. Vascular access is necessary for 
removing and returning large quantities of blood required 
for the procedure. This is usually achieved using a double 
lumen catheter inserted into the internal jugular, femoral 
or subclavian vein. Most children are maintained on a 
hemodialysis regimen of 31 hours, three times a week. 
Sick patients with fluid overload benefit from daily 
dialysis initially. 


Continuous renal replacement therapies (CRRT): CRRT is 
any extracorporeal blood purification therapy intended to 
substitute for impaired renal function over an extended 
period of time and applied for, or aimed at being applied 
for, 24 hours a day. Various modalities include [continuous 
arteriovenous hemofiltration (CAVH)], [continuous 
venovenous hemofiltration (CVVH)], continuous veno- 
venous hemodiafiltration (CVVHDF) and slow continuous 
ultrafiltration (SCUF). These therapies are useful when large 
amount of fluids have to be removed in sick and unstable 
patients. CVVH is preferred modality in AKI secondary to 
major surgical procedures, burns, heart failure and septic 
shock, especially when conventional hemodialysis or 
intermittent peritoneal dialysis is not possible. 


Slow long extended daily dialysis (SLEDD): Sick patients 
often benefit from hybrid treatments that combine the 
advantages of CRRT and feasibility of hemodialysis. SLEDD 
is done daily for an extended but limited period (8-10 hours) 
using low dialysate flow rates and at the same time 
minimizing the cost and technical complexities of CRRT., 


Outcome 


AKI carries a mortality of 20-10%, chiefly related to the 
underlying etiology and duration of renal failure. Patients 
with septicemia and HUS with prolonged anuria are 
associated with poor prognosis. The outcome in crescentic 
GN and vasculitis depends on the severity of the renal 
injury and promptness in initiation of specific therapy. 
The outlook is satisfactory in acute tubular necrosis 
without complicating factors. Other factors associated 
with poor outcome include delayed referral, presence of 
complicating infections and cardiac, hepatic or respiratory 
failure. Maintenance of nutrition and prevention of 
infections is crucial in improving outcome. 


Acute Renal Fallure In Newborn 

Newborns are at high risk of AKI. Important causes 
Include: (i) perinatal hypoxemia, associated with birth 
asphyxia or respiratory distress syndrome, (ii) hypo- 


Volemia secondary to dehydration, Intraventrleutar 
hemorrhage, heart sease anid postoperatively, (HI) sept 
With hypoperfusion: (lV) delayed Initiation and Inadequaey 
of feeding in early neonatal period) (Vv) tereased lnaeimllle 
losses (de to phototherapy, radhant warner, Aine 
heat), bwin-tostwln trans fiddone ane placental bemorelaye) 
(vi) nephrotoxic me icatlons, ey. amtnog lyecortden, 
indomethacin: maternal Intake of ACK tahtbttors, 
nimesulide; and (vi) renal vel thrombosis, egy ln lta te 
of diabetic mothers, severe birth asphysta, dehydration, 
polycythemia and catheterization of umbilical velo, AKL 
may occasionally be the flest manifestation of a congenttal 
anomaly of the urinary tract, 

Renal failure is suspected dn the presence of allyurta 
(urine output <0.5 mL/kg /hr) or blood creatinine > 1.2 mg / 
dL. Serum creatinine levels are high at birth (reflecting 
maternal levels) and decrease to below 0.5 my/db by 5-7 
days of age. Failure of reduction or rise of sertin creatine 
indicates impaired renal function, 

The principles of management ave similar to that for 
older children. Fluid should be limited) to tnsensible 
(30 mL/ky/day for full-term, 50-100 wh 7 ky /dlay for 
preterm neonates), gastrointestinal and renal losses, 
Extremely premature neonates nursed in radiant warmers 
require extra fluids. Systolic blood pressure more than 
95-100 mm Ply may need treatment, 

Extra care should be taken while dialyzing neonates; 
peritoneal dialysis is technically easier and preferred, 
However, sudden distention of peritoneal eavily may 
cause respiratory embarrassment or apnea, | lypotherml 
should be avoided by carefully warming the clialysis Mudd, 
A number of drugs are dialyzable and appropriate 
amounts should be added to supplement for their losses, 


suggested Reading 


* Ciccia E, Devarajan 2, Pediatric acute Maney injury: prevalence, 
impact and management challenges. Lnt | Nephrol Renovare Dis 
2017; 10:77-8. 


* Jetton JG, Askenazi DJ. Update on acute Kldney injury in the 
neonate, Curr Opin Pediatr 2012; 24 191-6, 
* Moore PK, Hsu RK, Lin KD, Management of acute Kidiey injury: 
Core curriculum 2018. Am J Kidney Dis 2018; 721-13, 
© Ricei Z, Goldstein SL. Pediatric continuous renal replacement 
therapy. Contrib Nephrol 2016; 18712130, 

* Selowski DT, Goldstein SL. The role of flutd overload tn the 
prediction of outcome in acute Kidney injury, Medtatr Nephrol, 2014; 
33;13-24. 


HEMOLYTIC UREMIC SYNDROME 


Hemolytic uremic syndrome is a heterogeneous group of 
disorders that are a common cause of AKL tn ehildren, 
They are characterized by microangiopathic hemolytle 
anemia, thrombocytopenia and acute renal insulliclency, 
Two broad subgroups are recognized; the first is more 
common, occurs in young children and is assoclated with 
shigatoxin producing enteropathogens (shigatoxtn- 
associated HUS), whereas the second is uncommon, allects 
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children of all ages and is associated with abnormalities (Figs 17.16¢c and d), The capillary lumen is narrowed h 

of the alternative complement pathway (complement swollen endothelial cells, blood cells and fibrin thrombj. 
associated or atypical HUS), Arterioles may show similar changes. Patchy or extensive 
renal cortical necrosis may be present. HUS is diagnose, 
Shigatoxin-Assoclated HUS on clinical and laboratory features, and a renal biopsy is rarely 


Verotoxin-producing E. coli (in North America and required. 


Hurope; most commonly 0157; H7; 0104:H4 in a recent 
epidemic) and Shigella dysenteriae 1 (in south Asia) cause 
the diarrheal prodrome preceding HUS, Cytotoxin- 
mediated injury to endothelium in the renal micro- 
vasculature leads to localized coagulation and fibrin 
deposition. As red cells and platelets traverse these 
damaged vessels, they are injured and sequestered. 
Though the brunt of the microvascular injury is on the 
kidney, other organs especially the brain may be affected. 
Since chiefly shigatoxins 1 and 2 are implicated, the illness 
ls also called shigatoxin E. coli-related hemolytic uremic 


Treatment 

Treatment includes management of complications of rena] 
failure, treatment of hypertension and correction of 
anemia. Proper nutrition must be ensured. Peritoneal or 
hemodialysis may be necessary to prevent complications 
of renal insufficiency. Repeated plasma exchange with 
infusion of fresh frozen plasma is recommended for 
patients with atypical HUS. Plasma exchanges are initiated 
as early as possible, performed daily until hematological 
remission, and then less frequently. Patients with anti- 


syndrome (STEC-HUS),. factor H antibodies benefit from immunosuppression with 
agents that reduce antibody production. The use of 
Atypical HUS eculizumab, a high affinity monoclonal antibody targeted 


Thi 1iti ften Tacks a hj against C5, benefits patients with HUS associated with 
Be ee RC a oe Eee HOBO OF” Sctivation, BE the complement cascade. While effective in 


rant gst ag aera a rahe triggered Py ae ensuring hematological and renal remission, the 
Wwec ns, the onse may be Insiad1ous or present with a medication is not available in the country. 


rapidly progressive illness. Microangiopathic lesions 
chiefly affect interlobular arteries and result in severe Oytcome 
hypertension and progressive renal insufficiency. 
Predisposing factors include mutations in regulators of 
the complement pathway (factors H, I and B, C3, 
membrane cofactor protein and thrombomodulin), and 
antibodies against complement factor H. 


Mortality during the acute episode of shigatoxin 
associated HUS is low. On follow-up, 20-30% patients 
show varying degree of residual renal damage. Factors 
suggestive of poor outcome include oligoanuria for more 
than 2 weeks, severe neurological involvement and 
Clinical and Laboratory Features csi of dete mishap The — and ee 
, outcome in atypica is unsatisfactory, though the 
Children of all ages may be affected. Following a prognosis hae iocpiea with sanction measles 
prodrome of acute diarrhea, dysentery or a febrile illness, Recurrent episodes of HUS may occur, including in the 
patients show sudden onset of pallor and oliguria. Blood allograft after renal transplantation. 
pressure may be high. Focal or generalized seizures and 
alteration of consciousness are common. Many patients Suggested Reading 


do not show a prodromal illness. 
* Ariceta G, Besbas N, Johnson S, European Pediatric Study Group 


. The blood film shows broken and distorted red cells, for HUS: Guideline for the investigation and initial therapy of 

increased reticulocyte count and high blood levels of LDH. diarrhea negative hemolytic uremic syndrome. Pediatr Nephrol 

Coombs’ test is usually negative except in S. pneumoniae 2009, 24:687-96. 

associated HUS where the test is positive. Thrombo- : Fakhouri eee Fremeaux-Bacchi V, Loirat C. Haemolyti¢ 
ar 3 “1: is uraemic syndrome. Lancet. 2017: 

cytopenia is usually present, neutrophilic leukocytosis is + Taira scerteanh Baca 6 pple nein rats sayubiene 

seen in patients with shigellosis. Urine shows microscopic Orphanet J Rare Dis 2011; 8.6-60, 

hematuria and mild proteinuria. Blood levels of urea and * Walsh PR, Johnson S. Treatment and management of children with 

creatinine reflect the severity of renal failure. In patients haemolytic uraemic syndrome. Arch Dis Child 2017; doi: 10.1136/ 

with STEC-HUS, establishing etiology requires either stool archdischild-2016; 311-377. 


culture or PCR for STEC or ELISA for shigatoxin. Serum 

complement C3 levels are low in some patients with CHRONIC KIDNEY DISEASE 
atypical HUS. Detailed analysis of components of the = Chyonic kidney disease (CKD) is defined as kidney 
alternative complement pathway and its regulators is damage lasting for at least 3 months, as characterize 


recommended in all patients with atypical HUS. structural or functional abnormalities of the kidney Wit 

On renal biopsy, the endothelial cells are swollen and or without decreased glomerular filtration rate (G R). 
| separated from the basement membrane with accu- Abnormalities may include structural malformations ve 
mulation of foamy material in the subendothelial space hydronephrosis, single kidney), pathological condition 
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wr Table 17.19: Stages of chronic kidney disease (CKD) 
GFR, mL NKF-KDOQI Description KDIGO Description 
min/1.73 Mm? Stage stage 
>90 1 Kidney damage with normal G1 Normal or high 
or increased GFR 
60-89 2 Kidney damage with mild G2 Mildly decreased 
reduction of GFR 
45-59 3 Moderate reduction of GFR G3a Mildly to moderately decreased 
30-44 G3b Moderately to severely decreased 
15-29 4 Severe reduction of GFR G4 Severely decreased 
<15 5 Kidney failure G5 Kidney failure 


<15, on dialysis 5D 


Kidney failure, dialysis dependence 


KDIGO Kidney diseases improving global outcomes; NKF-KDOQI: National Kidney Foundation-Kidney Disease and Outcome Quality Initiative 
In the absence of evidence of kidney damage, GFR category G1 or G2 do not fulfil the criteria for CKD 

Severity of disease is additionally expressed as albuminuria, categorized as follows: (i) A1: normal to mildly increased (urine protein to creatinine 
ratio, Up/Uc <150 mg/g); (ii) A2: moderately increased (Up/Uc 150-500 mg/g) and (iii) A3: severely increased (Up/Uc >500 mg/g) 


(e.g. focal segmental glomerulosclerosis) and markers of 
kidney damage such as abnormal urinalysis (hematuria, 
proteinuria) or biochemistry (persistently increased serum 
creatinine). CKD is divided into 5 stages, based on level 
of GFR estimated from level of serum creatinine and height 
using the modified Schwartz formula (Table 17.19). Since 
renal maturation increases from infancy to reach adult 
values at the age of 2 years, CKD stages apply only to 
children beyond >2-year-old. Terms such as chronic renal 
failure and end stage renal disease are avoided. Important 
conditions resulting in CKD are listed in Table 17.20. 
Congenital abnormalities of the kidney and urinary tract 
(CAKUT) are the leading causes of CKD in childhood. 


Pathophyslology and Clinical Features 


The term CKD implies permanent decrease in renal 
function. Most children with CKD stage 1-3 (GFR more 
than 30 mL/min/1.73 m2) are asymptomatic; reduction 
of GFR below this level is associated with symptoms. 
Regardless of the etiology, once there is a critical loss of nephron 
mass, the renal failure is progressive and manifests with similar 
symptoms. Loss of urinary concentrating ability results in 


"Table 17.20: Common causes of chronic kidney disease | 


Glomerulonephritis: \diopathic (e.g. focal segmental glomerulo- 
Sclerosis); secondary (systemic lupus erythematosus, IgA 
Nephropathy, microscopic polyarteritis, Henoch-Schonlein 
Purpura) 

Reflux nephropathy: Primary, secondary 

Obstructive uropathy: Posterior urethral valves, pelviureteric 
junction obstruction, renal stones 

Developmental anomalies: Bilateral renal hypoplasia, dysplasia 
Familial nephropathy: Nephronophthisis, Alport syndrome, 
Polycystic kidneys 

Others: Hemolytic uremic syndrome, amyloidosis, renal vein 
thrombosis, renal cortical necrosis 


frequent passage of urine, nocturia and increased thirst. 
Anemia that is usually normocytic and normochromic is 
chiefly due to reduced renal erythropoietin production. 
Mild hemolysis and blood loss from gastrointestinal tract 
may also contribute. 

Resistance to the action of growth hormone, the levels 
of which are increased, is considered to be responsible 
for growth failure. Anorexia, malnutrition and skeletal 
deformities contribute to growth retardation. Abnormalities 
in metabolism of calcium and phosphate and bone disease 
results from hyperphosphatemia, lack of renal formation 
of 1, 25-dihydroxyvitamin D,, deficiency of calcium, 
chronic acidosis and secondary hyperparathyroidism. 

The blood pressure may be increased and optic fundi 
show hypertensive retinopathy. Severe proximal muscle 
weakness, peripheral neuropathy, itching, purpura and 
pericarditis are late features. Infections are common and 
may acutely worsen renal function. 


Investigations 


The patient should be investigated to find the cause of 
renal failure and detect reversible factors (e.g. urinary tract 
obstruction, UTI, severe hypertension, drug toxicity and 
dehydration). Appropriate imaging studies are done, 
Blood counts and levels of urea, creatinine, electrolytes, 
pH, bicarbonate, calcium, phosphate, alkaline phos- 
phatase, parathormone (PTH), protein and albumin are 

obtained. Levels of ferritin and transferrin saturation are 

obtained in patients with anemia. GFR can be estimated 

based on serum creatinine and height (p 465); its accurate 

assessment by creatinine clearance or radionuclide 

methods is rarely necessary. 


Management 


Optimal management of CKD involves a team approach 
involving pediatric nephrologist, specialist nurse, 
dietitian, social worker and orthopedic surgeon. The 
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management of CKD focuses on the following principles: 
(i) Treatment of reversible conditions; (ii) Retarding the 
progression of kidney disease, with particular attention 
to control of hypertension and proteinuria; (iii) Anticipa- 
tion and prevention of complications of CKD; (iv) Optimal 
management of complications, including anemia, mineral 
bone disease, malnutrition, growth failure and metabolic 
acidosis; and (v) Identification of children in whom renal 
replacement therapy (RRT) is anticipated; adequate 
counseling and preparation of the family for RRT, 

At the initial stages, management aims at maintaining 
nutrition and retarding progression of the renal failure. 
Later, treatment of complications and renal replacement 
therapy in the form of dialysis or transplantation is required. 


Treatment of Reversible Renal Dysfunction 


Common conditions with potentially recoverable kidney 
function include an obstruction to the drainage, recurrent 
urinary tract infections with vesicoureteric reflux and 
decreased renal perfusion due to renal arterial stenosis. 
Care should be taken to avoid AKI that may follow the 
administration of nephrotoxic drugs, herbal medications 
and radiocontrast agents, and occur with hypoxic injury 
due to inadequate hydration during or following surgery. 


Retarding Progression of Renal Failure 


Hypertension and proteinuria lead to increased intra- 
glomerular perfusion, adaptive hyperfiltration and pro- 
gressive renal injury. Hypertension should be adequately 
controlled. Long-term therapy with angiotensin- 
converting enzyme inhibitors has been shown to reduce 
proteinuria and may retard progression of renal failure. 
Strict control of blood pressure to 50th to 75th centile for 
age, gender and height, is useful in delaying progression. 
Children with proteinuria should be treated with an ACE 
inhibitor or an angiotension receptor blocker (ARB) 
because of their antiproteinuric effect. Therapy with lipid 
lowering agents and correction of anemia, shown to be 
useful in retarding progression of CKD in adults, may also 
have utility in children. 


Diet 


Careful attention to diet is essential. Recommended daily 
amounts of calories should be ensured. A diet high in 
polyunsaturated fats, such as corn oil and medium chain 
triglycerides and complex carbohydrates is preferred, 
Water restriction is usually not necessary, except in ESRD 
or presence of fluid overload. Excessive use of diuretics, 
overzealous restriction of salt and gastroenteritis may lead 
to dehydration that should be corrected. 


Proteins: The protein intake should be 1-2 g/kg/day; 
proteins consumed should be of high biologic value. 
Restriction of protein intake is not required. 


Sodium: Since renal regulation of sodium reabsorption is 
impaired, its dietary intake needs to be individualized. 
Some infants are polyuric and lose large amounts of 
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sodium requiring its supplementation. Children wit, 
chronic glomerulonephritis retain sodium and water 
which contributes to hypertension. These patients require 
salt and water restriction and may benefit from diuretics, 


Potassium: Renal regulation of potassium balance jg 
maintained until very late, but the capacity to rapidly 
excrete a potassium load is reduced. Dietary items with 
large potassium content should be avoided. 


Calcium and phosphorus: Calcium supplements are given 
as calcium carbonate or acetate. Excessive consumption 
of dairy products should be avoided to restrict phosphate 


intake. 


Vitamins: Vitamins B,, B,, folic acid, pyridoxine and B,, 
are supplemented. 


Hypertension 


Hypertension in patients with proteinuria and glomerular 
filtration rate >30 mL/min/1.73 m? should preferably be 
treated with angiotensin-converting enzyme inhibitors 
(e.g. enalapril). Beta-adrenergic blockers (atenolol) and 
calcium channel antagonists (nifedipine, amlodipine) are 
also effective; the latter are the preferred initial choice in 
CKD stage 4-5 (GFR <30 mL/min/1.73 m?). Treatment 
with loop diuretics is beneficial in those with fluid 
overload. Patients with severe hypertension, uncontrolled 
with the above medications, may require additional 
therapy with clonidine or prazosin. 


Anemia 


Anemia generally develops when the GFR falls below 
30 mL/min/1.73 m?’. Iron deficiency, indicated by low 
levels of transferrin saturation (<20%) and ferritin 
(<100ng/dL), is the most common underlying 
contributing factor. Therapy with iron (elemen‘al iron 
4-6 mg/kg per day) should be initiated in such cases. Iron 
replete patients with pernicious anemia should receive 
therapy with recombinant human erythropoietin 
90-150 U/kg/dose given subcutaneously or intravenously 
2-3 times a week. The dose of erythropoietin should be 
adjusted to achieve target hemoglobin of 11-12 g/dL. 
Patients should receive iron and micronutrient supple 
ments concomitantly. Patients on hemodialysis should 
receive intravenous iron supplementation. Inadequate 
response to erythropoietin may occur due to iron, folate 
or vitamin B,, deficiency, chronic infection, aluminum 
toxicity and severe hyperparathyroidism. Patients with 
hemoglobin level below 6 g/dL should receive leukocy!€ 
poor, packed red cell transfusions. Blood is transfused slow!y: 
since it may aggravate hypertension and heart failure. 


Infections 


Urinary tract and other infections should be promptly 
treated with effective and least toxic drugs. The dosag° S, 
most drugs requires modification (reduction of dosa§ 
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and/or increase in dosing interval), depending on the 
severity of renal failure. 


Growth 


Optimization of caloric and protein intake and treatment 
of mineral bone disease is important. Administration of 
recombinant human growth hormone at 0.024-0.070 mg/ 
kg subcutaneously once a day, 6~7 times a week (max 0.35 
mg/kg/week) improves growth velocity in children with 
chronic renal failure. Early recognition and management 
of malnutrition, mineral bone disease, metabolic acidosis 
and electrolyte disturbances should take precedence over 
the institution of therapy with growth hormone. The goal 


of therapy is to achieve the patient’s genetic height 
potential. 


Mineral Bone Disease 


Mineral bone disease (MBD) is a serious problem in 
children as it occurs during the period of active growth 
(Fig. 17.18). Its prevention and adequate treatment is 
crucial. The proximal nephron is the chief site of synthesis 
of 1,25-dihydroxyvitamin D; (calcitriol), the most potent 
metabolite of vitamin D. Its decreased production is an 
important factor in the pathogenesis of secondary 
hyperparathyroidism in CKD. Recent studies also show a 
high incidence of vitamin D deficiency among children 
with CKD. With reduction of renal function, phosphate 
balance is initially maintained by its increased excretion 
from the normal nephrons. However, when the GFR falls 
below 25%, blood phosphate levels rise. 

The symptoms of are vague and nonspecific. Bone pain, 
muscle weakness, growth retardation and skeletal 
deformities are prominent. Blood examination shows 
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Fig. 17.18: Mineral bone disease associated with hyper- 
Phosphatemia and secondary hyperparathyroidism In a 12-year- 
Old git on chronic hemodialysis. Note the osteopenia and bone 
fEsorption In terminal phalanges of the fingers 


hypocalcemia, hyperphosphatemia and raised levels of 
alkaline phosphatase and PTH. X-rays reveal changes 
suggestive of rickets. Radiologic features of secondary 
hyperparathyroidism are initially seen in the phalanges 
and clavicles. 

The goals of early intervention are to maintain normal 
bone mineralization and growth, avoid hyperphospha- 
temia and hypocalcemia, and prevent or reverse increased 
PTH secretion. Treatment is based on dietary restriction of 
phosphate, and administration of phosphate binders and 
vitamin D. When serum phosphate exceeds the target 
range, phosphate containing food (e.g. dairy products) are 
restricted. Oral phosphate binders, calcium carbonate or 
acetate (0.5-1 g/day with meals) reduce intestinal 
absorption of dietary phosphate. Since aluminum 
accumulation may increase the risk of bone disease and 
encephalopathy, prolonged administration of aluminum 
hydroxide as a phosphate binder is avoided. Sevelamer, a 
calcium and aluminum free ion-exchange resin that binds 
phosphorus within the intestinal lumen, is a safe and 
effective alternative to calcium containing phosphate 
binders. 

The first steps in managing elevated levels of PTH in 
children with CKD are correction of underlying 
nutritional deficiency of vitamin D deficiency and 
management of hyperphosphatemia. If the PTH still 
remains elevated after these measures, therapy with 
activated vitamin D should be started. Vitamin D analogs 
with short half-life (calcitriol, 20-50 ng/kg/day or 1a- 
hydroxy D3, 25-50 ng/kg/day) are preferred. Excessive 
vitamin D intake may cause hypercalcemia, hyper- 
calciuria and elevation of calcium phosphorus product, 
which should be monitored. 


Osteotomy may be required to correct bony deformities. 


Immunization 


Patients with CKD should receive all routine vaccines. 
Apart from the regular immunization, children with CKD 
should also receive vaccines against pneumococcal, 
chickenpox and hepatitis A and B infections, especially if 
prepared for transplantation. Immunization is scheduled 
so as to complete live vaccinations prior to transplantation. 
Primary as well as booster doses of inactivated vaccines 
can be given 6 months after transplant. 


Long-term Care 


The rate of progression of chronic renal injury is variable. 
In some disorders (e.g. hemolytic uremic syndrome, 
crescentic GN), stage V CKD is present within a few weeks 
or months. In others (e.g. reflux nephropathy and some 
forms of chronic GN), the decline in renal function is slow. 
Patients showing a rapid deterioration of renal function 
should be evaluated for potentially reversible complications 
(infection, urinary outflow obstruction, fluid loss, 
hypertension and use of nephrotoxic drugs). 
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RENAL REPLACEMENT THERAPY 


Preparation of a child for end stage care should be discussed 
in advance with the family members. The financial 
resources and the family support available should be 
addressed. Initiation of dialysis should be considered when 
the glomerular filtration rate (GFR) falls below 12 mL/min/ 
1.73 m? body surface area and is strongly recommended 
when the GFR is <8 mL/min/1.73 m?. However, the well- 
being of the patient is more important than the estimated 
GFR for deciding when dialysis should begin. The presence 
of fluid overload, hypertension, gastrointestinal symptoms, 
growth retardation and neurological consequences of 
uremia influence the decision to initiate RRT. 

The different forms of renal replacement therapy are 
chronic peritoneal dialysis, hemodialysis and renal 
transplantation. In children with stage V CKD (ESRD), 
transplantation is the desired form of therapy. While 
chronic dialysis is life sustaining, it is inferior to renal 
transplantation in providing adequate renal replacement. 
Transplantation is associated with significant survival 
advantage, decreased risks of hospitalization and 
improved quality of life. 


Chronic Peritoneal Dialysis (PD) 


Chronic PD is done through a Tenckhoff catheter tunneled 
through the abdominal wall into the peritoneum. Chronic 
PD can be done manually (ambulatory PD) or with the 
help of an automatic cycler (cyclic PD). The duration of 
dialysis is usually 10-12 hours a day during which 46 
cycles are performed. Chronic PD is preferred to chronic 
hemodialysis since it is done at home, without the need 
for hospital visits. Patients on chronic PD have less restric- 
tion on fluid and caloric intake; control of hypertension is 
better and hematocrit is maintained. The success of chronic 
PD, however, relies upon the motivation of families to 
carry out the procedure. 


Chronic Hemodialysis (HD) 


HD is mostly carried out in the hospital setting. These 
children require vascular access either an arteriovenous 
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Fig. 17.19: Hemodialysis in a patient with end-stage renal cis- 
ease. Note the vascular access through a catheter in the intemal 
jugular vein, hemodiatysis machine and the dialyzer (solid arow) 


fistula or graft, or a double lumen indwelling catheter in 
a central vein (internal jugular vein preferred). Dialysis is 
done for 3-4 hours/session, with a frequency of 3 
sessions/week. During a hemodialysis session, blood is 
circulated through an extracorporeal circuit that includes 
a hollow fiber dialyzer (artificial kidney) (Fig. 17.19). Anti- 
coagulation of the circuit is achieved by systemic 
heparinization. The procedure requires technical expertise 
and need for continuous monitoring. 


Renal Transplantation 


The feasibility and efficacy of renal transplantation as 
standard therapy for ESRD in children is well established. 
Advances in surgical skills, availability of better immuno- 
suppressive medications and ability to prevent and treat 
infections, have improved the short- and long-term 
outcome. The usual immunosuppressive therapy is a 
combination of a calcineurin inhibitor (cyclosporin or 
tacrolimus), purine synthesis inhibitor (azathioprine or 
mycophenolate mofetil) and prednisolone. Long-term 
allograft survival is better with live compared to deceased 
donors. Following successful renal transplantation, the 
child can lead a normal life and resume physical activity 


and schooling. The allograft survival varies between 10 
and 20 years. 


suggested Reading 


* Auron A, Brophy PD. Pediatric renal supportive therapies: ue 


changing face of pediatric renal replacement approaches. Curr Opin 
Pediatr 2010;22:183-8, 


* Holmberg C, Jalanko H. Long-term effects of paediatric kidney 
transplantation. Nat Rev Nephrol, 2016;12:301-11. 
* http://www.kidney.org/professionals / kdogi/ 
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In comparison to glomerular diseases, tubular disorder 
are less common. Early and correct diagnosis is essenti 

since specific management is possible in many caseS- The 
diagnosis of a primary tubular disorder implies that ther€ 
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js no significant impairment of glomerular function or 
tubulointerstitial inflammation. A tubular disorder may be 
congenital or acquired and involve a single function of a 
tubule (renal glucosuria, nephrogenic diabetes insipidus) 
or multiple functions (Fanconi syndrome). 


Initia! Evaluation 


Children with primary defects in tubular function usually 
present during infancy. Table 17.21. shows important 
clinical features of patients with such disorders. Most renal 
tubular disorders can be diagnosed following careful 
interpretation of urine and plasma biochemistry, key 
investigations are listed in Table 17.1. 


Renal Tubular Acidosis (RTA) 


RTA encompasses conditions characterized by a defect of 
renal acidification, which result in hyperchloremic 
metabolic acidosis and inappropriately high urine pH. 
Defects in tubular transport result in reduced proximal 
tubular reabsorption of bicarbonate (HCQ3), the distal 
secretion of protons (hydrogen ion, H*) or both, leading 
to impaired capacity for net acid excretion and persistent 
hyperchloremic metabolic acidosis. The plasma anion gap 
(Nat — (Cl- + HCO))] is in the normal range (8-12 mEq/L). 
The renal function is normal or only mildly impaired. 

Two main forms are recognized: Distal RTA (type 1) 
and proximal RTA (type 2). Another variety (type 4) distin- 
guished by the presence of hypoaldosteronism and 
hyperkalemia is less common in children. 


Distal FTA 


Distal (type 1) RTA is due to defective secretion of H* in 
the distal tubule, in the absence of significant decrease in 


_ Type of RTA 
Type 1 (distal) 


Table 17.21: Presenting features in tubular disorders 
Growth retardation, failure to thrive 
Delayed gross motor milestones 


Polyuria, excessive thirst 
Recurrent episodes of dehydration, vomiting, fever 


Rickets, bone pains 

Episodic weakness 

Constipation 

Craving for salt and savory foods 


glomerular filtration rate. Patients with distal RTA are 
unable to excrete ammonium (NH;) ions adequately, and 
the urine pH cannot reach maximal acidity (i.e. remains 
>5.5) despite acidemia, indicating low H* concentration 
in the collecting duct. Hypokalemia is caused by increased 
urinary losses of potassium and aldosterone stimulation 
by urinary Na* loss and volume contraction, leading to 
further increase in tubular K* secretion. 

The condition is often sporadic, but may be inherited 
(dominant, recessive Or X-linked). Important forms are 
listed in Table 17.22. The disease may be associated with 
systemic diseases (systemic lupus erythematosus, Wilson 
disease) or secondary to renal disease (obstructive 
uropathy, reflux nephropathy) or drug toxicity (lithium, 
analgesics, amphotericin B). 


Presenting features: Children present with failure to thrive, 
polyuria, polydipsia, hypokalemic muscle weakness and 
rickets. Ultrasonography may show nephrocalcinosis 
(Fig. 17.20). Patients with incomplete forms of distal RTA may 
present with nephrolithiasis or incidentally detected 
nephrocalcinosis. 


Table 17.22: Inherited forms of renal tubular acidosis (RTA) 
Associated disorders 
Hemolytic anemia 


Early hearing loss 
Normal hearing; delayed hearing loss 


Type 2 (proximal), isolated 


Ocular abnormalities (band keratopathy, cataracts, glaucoma); defective 


dental enamel; intellectual impairment; basal ganglia calcification 


Type 2, Fanconi syndrome 


Dent disease 
Cystinosis 


Tyrosinemia type 1 
Fanconi-Bickel syndrome 
Wilson disease 

Galactosemia 

Hereditary fructose intolerance 
Lowe syndrome 

Glycogen storage disease type | 
Mitochondrial disorders 


Type 3 (combined) 
Type 4 (hyperkalemic) 


Osteopetrosis; blindness, deafness 
Congenital adrenal hyperplasia 


Pseudohypoaldosteronism (PHA) 
PHA type 2, Gordon syndrome 
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Fig. 17.20: Medullary nephrocalcinosis. Ultrasonography in a 
3-year-old boy with distal renal tubular acidosis shows 
hyperechoic medulla 


Diagnosis: Biochemical abnormalities include hyper- 
chloremic metabolic acidosis, hypokalemia, increased 
urinary excretion of calcium and decreased urinary citrate. 
Urinary net acid excretion (titratable acid and ammonium) 
is markedly reduced. Despite moderate to severe acidosis, 
patients cannot lower urine pH below 5.3. Measurement 
of the difference between urinary and blood CO,, during 
the passage of alkaline urine, is a reliable indicator of distal 
tubular acidification. Normally, the difference is more than 
20 mm Hg, provided the urine pH is >7.5. In children with 
distal RTA, the urine to blood CO, gradient is reduced 
below 10 mm Hg. Table 17.23 shows useful tests for the 
evaluation of patients with RTA. Hearing evaluation 
should be performed in all patients with idiopathic distal 
RTA. 

Patients with incomplete forms of distal RTA show 
normal levels of serum pH and bicarbonate. The defect in 
distal acidification can be demonstrated by the fludro- 
cortisone frusemide test. Hypercalciuria and hypo- 
citraturia are associated. 
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Treatment: Hypokalemia should be treated befo, 

correction of acidosis. Acidosis is treated by adminic. 
tration of sodium bicarbonate (initially 2-3 MEq/keg i, 
divided doses), its dose titrated to blood level, of 
bicarbonate. Alkali requirements decrease beyond 5 years 
of age. Treatment of acidosis reduces potassium losses and 
promotes growth and healing of rickets. Some patient, 
require prolonged potassium replacement. Vitamin p 
supplements are not required. If hypercalciuria Persists 
administration of thiazides may be considered. 


Proximal [Type 2) RIA and Fanconi Syndrome 


Proximal RTA is due to reduced proximal tubular; 
reabsorption of bicarbonate with marked bicarbonaturia, 
Once the plasma bicarbonate falls below 16 mEq/L, it is 
mostly reabsorbed. At steady state, daily acid loads are 
excreted successfully and the distal acidification 
mechanism is intact. Thus, children with proximal RTA 
have less severe acidosis than distal RTA. 


Pathophysiology: The primary defect in proximal RTA is 
reduced renal threshold for bicarbonate, resulting in 
bicarbonaturia. Proximal RTA may represent isolated or 
generalized proximal tubular dysfunction (Table 17.22), 
The latter, termed Fanconi syndrome, is characterized by 
tubular proteinuria and aminoaciduria and variable 
degrees of bicarbonaturia, phosphaturia, electrolyte 
wasting and glucosuria. Fanconi syndrome may be 
(i) idiopathic, or secondary to (ii) a metabolic disorder 
(Table 17.23), (iii) drugs (ifosfamide, aminoglycosides, 
cisplatin), (iv) toxins (cadmium, lead, mercury) and 
(v) tubulointerstitial nephritis. 


Clinical features: Failure to thrive and physical retardation 
are the chief clinical features. Irritability, anorexia and 
listlessness may be present. Rickets is rare in isolated 
proximal RTA but common in Fanconi syndrome. Those 
with secondary Fanconi syndrome may have features of 
the underlying disorder. Nephrocalcinosis and urolithiasis 


Table 17.23: Investigations to differentiate types of renal tubular acidosis (RTA) 


Proximal RTA 


Plasma potassium Normal or low 


Urine pH (during acidosis) <5.5 

Urine anion gap Positive 
Urine ammonium Low 
Fractional bicarbonate excretion >10—-15% 
U-B PCO, mm Hg >20 

Urine calcium Normal 
Other tubular defects Often present 
Nephrocalcinosis Absent 

Bone disease Common 


U-B PCO,: Urine to blood PCO, gradient 


Classic distal RTA Type 4 RTA 
Normal or low High 

>5.5 <5.5 
Positive Positive 
Low Low 

<5% >5-10% 
<10 >20 

High Normal or low 
Absent Absent 
Present Absent 
Often present Absent 





are not seen. Symptoms related to hypokalemia (weak- 
ness, paralysis) are uncommon. 


Diagnosis: Table 17.23 shows the features that allow 
roximal RTA to be distinguished from other forms of 
RTA. The blood pH and HCO; levels are low and urine 
H relatively alkaline. However, if the blood HCO; falls 
below 14-16 mEq/L, urine PH falls to <5.5. Urinary 
calcium and citrate excretion is normal. Demonstration 
of its high fractional excretion of bicarbonate (>15%), at 
lasma bicarbonate level 20-22 mEq/L is confirmatory. 

Evaluation of other proximal tubular functions is 
essential. This includes an assessment of phosphate 
excretion and evaluation for aminoaciduria, glucosuria 
and low molecular weight proteinuria. Estimation of 
calcium excretion and examination for rickets is important. 
Disorders that are associated with Fanconi syndrome 
should be screened for, including cystinosis, Lowe 
syndrome, galactosemia and Wilson disease. 


Treatment: The correction of acidosis requires adminis- 
tration of 5-20 mEq/kg of alkali daily. Part of the alkali is 
replaced as potassium citrate. Since administration of large 
amounts of alkali results in bicarbonate wasting, it is pru- 
dent to give a modest amount of sodium bicarbonate (5-8 
mEq/kg/day in divided doses) along with restriction of 
dietary sodium. The latter causes contraction of extra- 
cellular fluid volume and increased proximal bicarbonate 
reabsorption. Administration of hydrochlorothiazide has 
asimilar effect. Children with Fanconi syndrome also need 
supplements of phosphate (neutral phosphate, Joulie 
solution). Treatment with vitamin D is necessary in 
children with rickets. 


Cystinosis: This autosomal recessive disorder presents in 
infancy with features of severe Fanconi syndrome. The 
underlying defect is in the lysosomal membrane protein 
(cystinosin) that transports cystine from lysosomes into 
the cytosol. This leads to very high levels of free lysosomal 
cystine, which is deposited as crystals in the cornea, 
conjunctiva, bone marrow, leukocytes and lymph nodes. 
Tubular handling of cystine is normal. The most common 
form of cystinosis is the infantile nephropathic form in 
Which patients present in early infancy. Later, patients 
show photophobia and enlarged liver and spleen; some 
ave blond hair. 

Diagnosis is indicated by the presence of cystine crystals 
in cornea on slit-lamp microscopy (Fig. 17.21). Elevated 
levels of cystine in polymorphonuclear leukocytes or 
Cultured fibroblasts are confirmatory. Prenatal diagnosis 
requires measurement of cystine level in chorionic villi or 
Cultured amniotic fluid cells. 

Correction of metabolic acidosis 3 
electrolytes is essential. Early therapy with oral cysteamine 
nay retard progression of systemic disease. Topical 

erapy is essential to prevent corneal deposits. Long-term 
“Omplications include hypothyroidism and diabetes 


and replacement of 
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Fig. 17.21: Slit-lamp examination of fhe cornea in a 4-year-old 
girl with cystinosis; diffuse crystal deposition Is noted 


mellitus. If untreated, most patients show progression to 
end stage renal failure by late childhood. 


Lowe syndrome: This X-linked condition presents within 
the first few months of life with Fanconi syndrome, severe 
rickets, ocular defects (congenital cataracts, buphthalmos, 
corneal degeneration, strabismus), neonatal or infantile 
hypotonia, rickets, seizures, developmental delay and 
mental impairment. Hypercalciuria may be prominent. 
Diagnosis is confirmed by either mutational analysis of 
the affected gene (OCRL) or measurement of the activity 
of the enzyme (phosphatidylinositol bisphosphate 5- 
phosphatase) in cultured fibroblasts. Chronic tubular 
injury leads to glomerulosclerosis and progressive renal 
insufficiency. Most children die in early childhood. 


Hyperkalemic [Type 4) RTA 


Hyperkalemia with distal RTA occurring due to aldo- 
sterone resistance or deficiency is termed type 4 RTA. 
Aldosterone directly stimulates the proton pump, increases 
Na* absorption resulting in negative intratubular potential 
and increases urinary K* losses; and stimulates basolateral 
Na*/K* ATPase. Hence, aldosterone deficiency or 
resistance is expected to cause hyperkalemia and acidosis. 
Maximally acidic urine (<5.5) can be formed, indicating the 
ability to establish a maximal H* gradient. However, the 
rate of ammonium excretion is low. Aldosterone deficiency 
without renal disease may occur with Addison disease, or 
following adrenal necrosis or tuberculosis. Aldosterone 
resistance may occur with chronic renal insufficiency such 
as obstructive uropathy or interstitial nephritis or with use 
of certain drugs (e.g. amiloride, spironolactone, ACE 
inhibitors, heparin, NSAIDs, calcineurin inhibitors). 

The autosomal recessive form of pseudohypo- 
aldosteronism (PHA type 1) should be considered in 
infants presenting with salt loss, hypotension, 
hyperkalemia and metabolic acidosis. Patients with PHA 
type 2 have hypertension, acidosis and hyperkalemia with 
hyporeninemic hypoaldosteronism. 
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Nephrogenic Diabetes Insipidus 


Congenital nephrogenic diabetes insipidus ts an inherited 
disorder of water reabsorption, caused by resistance to 
the action of ADH on its receptor. Absorption of water in 
the distal tubules and collecting ducts is significantly 
impaired. The defect usually involves the arginine 
vasopressin receptor 2 (AVPR2) gene on the X chromo- 
some. Less commonly, the disease is inherited {tn an 
autosomal recessive manner due to mutations in the gene 
encoding aquaporin 2. 

The usual history is of a boy who, within a few weeks of 
life, shows failure to thrive, excessive thirst, recurrent 
episodes of dehydration and unexplained fever, The infant 
continues to have increased or normal urine output even 
when dehydrated. Constipation is common. Poly uria, poly- 
dipsia and nocturnal enuresis are striking in older children, 
Recurrent episodes of dehydration and rapid rehydration 
may lead to neurological injury with intracranial 
calcification, seizures and psychomotor dehydration. 

Hypernatremia (serum sodium often more than 
170 mEq/L), with low urine sodium is characteristic. 
Correspondingly, serum chloride and osmolality are high. 
The urine osmolality is inappropriately low (usually below 
150-200 mOsm/kg) for the elevated plasma osmolality. 
Further, urine osmolality does not increase despite 
administration of DDAVP. This allows nephrogenic 
diabetes insipidus to be differentiated from deficiency of 
the ADH (central diabetes insipidus). The latter show 
normal response to DDAVP with increase in urine 
osmolality to more than 600-800 mOsm/kg. Tubular 
unresponsiveness to ADH may also occur as part of 
chronic pyelonephritis, obstructive uropathy, sickle cell 
disease, lithium toxicity, hypercalcemia, hypokalemia and 
tubulointerstitial disease. 

Treatment consists of increased fluid intake and sodium 
restriction to reduce the osmolar load. Administration of 
hydrochlorothiazide (2-3 mg/kg/day), alone or in 
combination with amiloride (20 mg/1.73 m*/day), reduces 
polyuria and leads to clinical improvement. Indomethacin 
may also reduce urine volume, but its use is limited 

beyond infancy. 


Renal Glucosuria 


Renal glucosuria is an autosomal recessively transmitted, 
isolated defect of tubular glucose transport. It is 
recognized by the presence of glucose in the urine, despite 
normal blood glucose levels. Glucose metabolism and 
other renal tubular transport mechanisms are normal. 
Several members of a family may be affected. The disorder 
is asymptomatic and benign, and does not require treatment. 

Type A defects are characterized by generalized 
decrease in capacity of tubules to reabsorb glucose, anda 
low tubular maximum for glucose. In type B defects, the 
tubular maximum for glucose is normal, but the capacity 
of individual nephrons to reabsorb glucose 1s affected 


variably. In type O defects, there is no tubular reabsorption 
of glucose. 


Bartter Syndrome 

Bartter syndrome is an autosomal recessive disorde, 
characterized by hypokalemia and metabolic alkalosis 
resulting from excessive chloride, potassium and sodium 
wasting in the thick ascending limb of the loop of Henle. 
Clinical features include failure to thrive, polyuria, poly. 
dipsia and recurrent episodes of dehydration. Vomiting 
constipation, muscle weakness and cramps are other 
manifestations. Patients show marked hypokalemia with 
high urinary potassium and hypochloremic metabolic 
alkalosis. Volume contraction leads to increase in levels 
of plasma renin and aldosterone. Elevated urinary levels 
of chloride (>20-30 mEq/L) are characteristic. 

Several subtypes of Bartter syndrome are recognized, 
differing in their molecular basis and clinical severity. The 
condition may occasionally present in the neonatal period 
with history of maternal polyhydramnios and postnatal 
polyuria, dehydration and nephrocalcinosis; some have 
sensorineural deafness. 

Bartter syndrome should be differentiated from other 
conditions with persistent hypokalemic metabolic 
alkalosis (e.g. cystic fibrosis, recurrent vomiting, inherited 
forms of hypertension and Gitelman syndrome) by the 
presence of normal blood pressure and high urinary 
chloride and calcium excretion. 

Therapy is directed towards replacement of urinary 
losses of fluid, sodium, potassium and chloride. Most 
patients require supplements of potassium chloride (1-3 
mEq/kg/day). Despite supplementation, serum pota- 
ssium rarely returns to normal range. Use of prostaglandin 
synthase inhibitors (indomethacin 2-3 mg/kg/day or 
ibuprofen 20-30 mg/kg/day) is beneficial. Potassium 
sparing diuretics and ACE inhibitors have been used with 
modest benefit in correcting hypokalemia. 


Gitelman Syndrome 


Hypokalemia, hypomagnesemia and metabolic alkalosis 
may be caused by Gitelman syndrome, an autosomal 
recessive condition characterized by a defect in the apical 
thiazide sensitive sodium chloride cotransporter (NCCT) 
in the distal tubules. Clinical and laboratory features are 
milder than in Bartter syndrome. Patients present in 
adolescence or adulthood with episodes of muscle 
weakness, cramps, tetany, vomiting or fatigue. Polyura 
and failure to thrive are less pronounced. 


Suggested Reading 
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syndromes: salt-losing tubulopathies with loop or DCT de 
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NEPHROLITHIASIS AND NEPHROCALCINOSIS 


penal calculi are uncommon in children and occur usually 
in the setting of an underlying metabolic abnormality. 
symptoms include dysuria, hypogastric pain, hematuria 
and occasionally urinary infections. Nephrocalcinosis 
refers to formation of crystalline deposits within the renal 

arenchyma, presenting as enhanced renal echogenicity, 
which may be cortical, medullary or diffuse. Table 17.24 
lists common underlying metabolic causes. Urinary tract 
infection, particularly with urease producing organisms 
like Proteus, favors precipitation of magnesium ssharioniarn 
phosphate and calcium Phosphate (struvite stones). 
Progressive renal impairment may occur in patients with 
nephrocalcinosis, untreated obstruction or recurrent UTL 


Evaluation 


Ultrasonography detects most radiopaque and radiolucent 
calculi and nephrocalcinosis. High resolution computerized 
tomography detects even minute calculi. Plain radio- 
graphs and intravenous pyelography are rarely required; 
the latter is useful only if Suspecting radiolucent or low 
density stones (uric acid, xathine), duplex system or 
obstruction, particularly in a young child where perfor- 
ming CT would necessitate sedation. However, high 
resolution ultrasonography may overdiagnose nephro- 
calcinosis, particularly in newborns where physiologically 
increased echogenicity or deposition of Tamm-Horsfall 
protein is mistaken for medullary nephrocalcinosis. 
Investigations aiming at detecting abnormalities show 
a metabolic cause in 50% patients. Initial investigations 
Table 17.24: Underlying metabolic abnormalities in children 
‘with nephrolithiasis or nephrocalcinosis | 


Hypercalciuria with hypercalcemia 


Vitamin D overdose 

Primary hyperparathyroidism os 
Production of PTH related peptide (malignancy, sarcoidosis) 
Hypercalciuria with normal serum calcium 


Idiopathic hypercalciuria 
Familial hypophosphatemia with hypercalciuria 
Distal renal tubular acidosis 
Dent disease 
Bartter syndrome with/without sensorineural deafness 
Autosomal dominant hypocalcemia with hypercalciuria 
Familial hypomagnesemia, hypercalciuria and nephro- 
calcinosis 
Lowe syndrome 
Frusemide use 
Miscellaneous causes 
Primary hyperoxaluria (type I, type !!) 
Cystinuria 
bnormal purine, pyrimidine metabolism: Lesch-Nyhan 
Syndrome, glycogenosis type 1, xanthinurla 
Slamine toxicity 


should include renal function tests, blood levels of cal- 
cium, phosphorus, uric acid, pH and bicarbonate. Detec- 
tion of specific crystals in the urine may suggest an 
etiology (Fig. 17.22). High (>5.5) urine pH in first morning 
sample suggests defective tubular acidification. 
Quantitation of calcium, oxalate and uric acid in timed 
urine collections evaluates excretion of solutes as com- 
pared to normal individuals. Alternatively, solute excre- 
tion is expressed as a ratio to urinary creatinine in spot 
samples. Patients with hypercalciuria require evaluation 
for hypercalcemia (intact PTH, 25-hydroxyvitamin D) and 
for association with incomplete distal renal tubular 
acidosis, hypomagnesemia, hypophosphatemic rickets 
and abnormalities of the thyroid hormone. Where 
available, stone analysis is performed using X-ray diffrac- 
tion or infrared spectroscopy. 


Idiopathic Hypercalciuria 


This is the most common underlying cause in patients with 
nephrolithiasis, but may alternatively present with 
microscopic and gross hematuria. A family history of 
hematuria or nephrolithiasis is often present. Urinary 
calcium to creatinine ratio in the early morning ‘spot’ urine 
serves as a screening test. The upper limit of normal in 
children over 2 years is 0.2 (mg/mg). The diagnosis is 
confirmed by an accurate measurement of 24 hours 
urinary calcium; values greater than + mg/kg/day are 
abnormal. Blood levels of calcitum and magnesium are normal. 
Idiopathic hypercalciuria should be distinguished from 
hypercalciuria secondary to persistent hypercalcemia (e.g. 
hyperparathyroidism, vitamin D tonicity) or associated 
with renal tubular acidosis. A high fluid intake and diet 
low in animal protein and salt is advised. Therapy with 
thiazide diuretics, which reduces urinary calcium 
excretion, may be required. 


Endemic Vesical Calculi 


Vesical calculi are usually single stones, detected in voung 
boys (<5-year-old) in some regions of the country, e.g. 
Rajasthan, Andhra Pradesh and North-Eastern states, and 
in neighboring countries, e.g. Pakistan and Afghanistan. 
These stones are composed of ammonium acid urate and 
calcium oxalate. Risk factors include consumption of a 
predominantly cereal (wheat or jowar) based diet, which 
has low amounts of calcium and phosphate and high 
oxalate content. Recurrent diarrheal episodes contribute 
by causing dehydration and an acidic, concentrated urine. 
A high intake of dairy products and animal proteins has 
led to a decline in the prevalence of these stones. Treatment 
requires suprapubic cystolithotomy; these stones rarely 
recur, 


Primary Hyperoxaluria 


Primary hyperoxaluria type 1 is an autosomal recessive 
disorder of glyoxylate metabolism with deficient activity 
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Fig. 17.22: Morphology of urine crystals may suggest etiology of renal stones. (a) Envelope-shaped oxalate dihydrate crystals; 
(6) Florets of calclum phosphate; (c) Coffin lid-shaped triple phosphate; (d) Hexagonal cystine crystals 


of the liver-specific enzyme, alanine glyoxylate amino- 
transferase causing overproduction of endogenous 
oxalate, which manifests as renal stones and/or 
nephrocalcinosis. Precipitation of oxalate also affects the 
eyes, heart, bones and bone marrow. The diagnosis is 
suggested by elevated oxalate in plasma and/or urine, 
and confirmed by deficient activity of the enzyme on liver 
biopsy and sequencing of the affected gene, AGXT. 
Treatment is supportive; some patients with partial 
deficiency benefit from pyridoxine supplementation. 
Patients presenting in childhood progress to end-stage 
renal disease by adolescence and require combined liver 
kidney transplantation. 


Cystinuria 


This autosomal recessive disorder is characterized by 
impaired proximal tubular reabsorption of cystine and 
dibasic amino acids (ornithine, lysine and arginine). 
Supersaturation of urine with cystine crystals may lead 
to formation of recurrent radiopaque calculi and account 
for 10% of cases presenting in childhood. The diagnosis is 
suggested by presence of hexagonal crystals in urine, 
urinary excretion of specific amino acids (as above) and 
positive urine nitroprusside cyanide test. Confirmation 
requires quantification of urinary cystine excretion (24 hr 
or cystine:creatinine ratio), stone analysis or genetic 
testing. A high fluid intake and urinary alkalization help, 
since cystine is poorly soluble at normal urinary pH but 
dissolves well at pH >8.0. Agents such as penicillamine 
and tiopronin prevent formation of calculi by cleaving 


disulfide bonds of cystine to form the more soluble 
homodimer, cysteine. 


Management of Renal Calculi 


Stones less than 5-7 mm in size may pass spontaneously. 
Extracorporeal shock wave lithotripsy (ESWL) may 
suffice for small stones. Percutaneous nephrolithotomy 
may be appropriate in patients with relative contra- 
indication for ESWL or with stones too large for 
lithotripsy. Ureteroscopy is useful for distal and mid- 
ureteric calculi. Open surgery is necessary for stones 
more than 3 cm in size or those with associated 
pelviureteric junction obstruction. 


UTI should be treated and an adequate fluid intake 
ensured. Patients with idiopathic hypercalciuria may 
benefit from a low salt intake; dietary calcium restriction 
is not necessary. Persistent hypercalciuria is treated with 
oral potassium citrate, an inhibitor of crystallization. 
Thiazide diuretics reduce urine calcium excretion; thei! 
long-term use is, however, restricted due to side effects: 
Prolonged alkali supplementation is necessary in patients 
with distal RTA. 


Suggested Reading 
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ENURESIS 


Enuresis is defined as normal, nearly complete evacuation 
of the bladder at a wrong place and time at least twice a 
month after 5 years of age. Enuresis should be differentiated 
from continuous or intermittent incontinence or dribbling. 
The bed is usually soaking wet in enuresis, compared to 
incontinence in which there is loss of urine without normal 
emptying of the bladder. Enuresis is usually functional 
while continuous or daytime incontinence is often organic. 

More than 85% children attain complete diurnal and 
nocturnal control of the bladder by 5 years of age. The 
remaining 15% gain continence at approximately 15% per 
year, such that by adolescence only 0.5-1% children have 
enuresis. Up to the 11th year, enuresis is twice as common 
in boys as it is in girls; thereafter, the incidence is similar 
or slightly higher in girls. 

Enuresis is called primary when the child has never been 
dry and secondary when bed wetting starts after a 
minimum period of 6 months of dryness at night. It is 
termed monosymptomaitic, if it is not accompanied by any 
lower urinary tract symptoms and nocturnal, if it occurs 
only during sleep. Children with monosymptomatic 
nocturnal enuresis require no further evaluation. 


Etlology 


Maturational delay is the most likely cause of nocturnal 
enuresis, suggested by high spontaneous cure rates with 
increasing age. Other reasons that have been attributed 
include a lack of circadian rhythm of secretion of the 
antidiuretic hormone (ADH), inadequate sleep arousal, 
urinary tract infections, bladder bowel dysfunction and 
stressful events. 


Evaluation 


Less than 5% patients with nocturnal enuresis have an 
organic basis. A careful history helps determine whether 
the enuresis is primary or secondary, whether any daytime 
symptoms are present and whether any voiding difficulty 
is present. In cases of secondary enuresis, history should 
be taken to rule out acute stressful conditions, polyuria 
and features of bladder irritability such as frequency and 
urgency. Physical examination should focus on spinal 
anomalies. 

If the child has a normal urinary stream with no daytime 
symptoms suggestive of a voiding disorder and normal 
Physical examination, the child does not require extensive 
evaluation. Clinical and neurological examination excludes 
an anatomical or neurological cause for incontinence. 

A voiding diary with frequency and volume charting 
of urine output and fluid intake for at least 2 days, with a 
record of daytime accidents, bladder symptoms and bowel 
habits for at least 7 days is useful. It helps detect children 
With non-monosymptomatic enuresis or polydipsia, 
Provides information on nocturnal polyuria (such children 

€nefit from desmopressin) and helps monitor compliance 


to instructions and response to therapy. Urinalysis mules 
out infection, proteinuria and glucosuria. Additional 
diagnostic and invasive procedures, including ultra- 
sonography and MCU, are limited to patients with 
suspected neurological or urological dysfunction. 


Treatment 


The decision for treatment should be guided by the degree 
of concern and motivaton on the part of the child rather 
than the parents. General advice should be given to all 
enuretic children, but active treatment need not begin 
before the age of 6 years. Caffeinated drinks like tea, coffee 
and sodas should be avoided in the evening. Adequate 
fluid intake during the day as 40°o in the morning, 40% in 
the afternoon and 20° in the evening is recommended. 

The firstline of treatment is usually non-pharma- 
cological, comprising motivational therapy and use of 
alarm devices. Motivational therapy alone is successful in 
25% patients. The child is reassured and provided 
emotional support. Every attempt is made to remove any 
feeling of guilt. The benign nature of the disorder is 
explained to the child and parents using diagrams, if 
required, to explain the probable basis of the disorder. 
The child is encouraged to assume active responsibility, 
including keeping a dry night diary, voiding urine before 
going to bed and changing wet clothes and bedding. Dry 
nights should be credited with praise and encouraging 
words from the parents. Punishments and angry parental 
responses should be avoided. 

Behavioral modification is encouraged to achieve good 
bladder and bowel habits. The child is encouraged to void 
frequently enough to avoid urgency and daytime 
incontinence and to havea daily bowel movement. Bladder 
training exercises have not been shown to be useful in 
improving the functional bladder capacity. 


Alarm therapy involves the use of a device to elicit a 
conditioned response of awakening to the sensation of a 
full bladder. The alarm device consists of a small sensor 
attached to the child’s underwear, or a mat under the bed- 
sheet and an alarm attached to the child’s collar or placed 
at the bedside. When the child starts wetting, the sensors 
are activated causing the alarm to ring. The child should 
awaken to the alarm, void in the toilet and reattach the 
alarm; a parent should ensure the child does not merely 
wake to switch off the alarm. The alarm is best used after 
7 years of age and is successful in about two-thirds of 
children; one-third of children may relapse. While alarm 
systems are available in India, the ordinary alarm clock 
may be used to wake the child to void in the toilet at a 
critical time when the bladder is full and the child is still 
dry. The combination of motivational and alarm therapy is 
successful in up to 60-70% of children. 


Pharmacotherapy is considered, if enuresis persists 
despite institution of alarm, regular voiding habits, 
exclusion or treatment of constipation and exclusion of 
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postvoid residual urine or dysfunctional voiding. Cardiac 
arrhythmias are a rare but serious adverse event effect of 
tricyclic antidepressants, which are, therefore, not 
recommended. Anticholinergic drugs reduce uninhibited 
bladder contractions and are useful in children who have 
significant daytime urge incontinence besides nocturnal 
enuresis. The usual dose is 5 mg for oxybutynin or 2 mg 
for tolterodine at bedtime, given above 6 years of age. 
Desmopressin (DDAVP, 0.2-0.4 mg orally; oral melt 
120-240 pg) works by reducing the volume of urine. Its 
rapid onset of action makes it a satisfactory choice for 
special occasions like staying out for the night. Relapse 
rates are high after stopping the medication. 
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CONGENITAL ABNORMALITIES OF 
KIDNEY AND URINARY TRACT 


Congenital abnormalities of kidney and urinary tract 
(CAKUT) are common and account for about 25% cases 
of CKD in children. 


Single Kidney 


In unilateral renal agenesis, one kidney fails to form while 
the other is normal in size, position and function. Agenesis 
may occur due to primary failure of formation of the 
ureteric bud or its inability to engage with the renal 
mesenchyme. The condition may occur sporadically or as 
part of syndromes such as brachio-otorenal, DiGeorge, 
Fanconi anemia, Fraser or nail-patella syndromes. Renal 
agenesis is asymptomatic, usually detected incidentally on 
ultrasonography. Usually, there is compensatory 
hypertrophy of the normal kidney. A DMSA scan helps in 
ruling out scarring due to associated vesicoureteric reflux 
or an ectopic kidney. Children with single kidney should 
avoid contact sports. While affected patients are expected 
to maintain glomerular function, they require annual 
monitoring for hypertension and proteinuria. 


Fetuses with bilateral renal agenesis or hypoplasia 
rarely survive to term. Lack of fetal urine production leads 
to oligohydramnios and limb anomalies. Neonates show 
low set ears, flat nose, prominent epicanthic folds and 
small chin (Potter facies). Pulmonary hypoplasia is the 
usual cause of death. 


Renal Dysplasia 


Renal dysplasia implies abnormal development of renal 
parenchyma. Primitive ducts surrounded by connective 
tissue, metaplastic cartilage, poorly differentiated 
glomeruli and dilated tubules are present. Bilateral total 
renal dysplasia is fatal in the neonatal period. 
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Multicystic dysplastic kidney: A multicystic dysplasti, 
kidney (MCDK) is an enlarged nonfunctioning kidne 
with cysts of varying sizes resulting from abnorm, 
differentiation of the metanephros. Affecting 1 in 2400 ,, 
4300 live births, it is the most common cystic rena 
malformation in children. Ultrasonography show, 
characteristic findings, including multiple thin-walled 
noncommunicating cysts of varying size, in an enlarged 
kidney without identifiable parenchyma or renal pelyig 
(Fig. 17.23). 

Most patients with MCDK have a normal contralatera} 
kidney showing compensatory hypertrophy. However 
20-40% cases may show associated abnormalities of the 
contralateral genitourinary tract, such as vesicoureteric 
reflux or pelviureteric junction obstruction. A DMSA scan 
confirms that the affected kidney is nonfunctional and 
tules out reflux-associated scarring of the contralateral 
kidney. Children with MCDK require regular monitoring 
by ultrasound to ensure compensatory hypertrophy of the 
normal kidney and progressive involution of the affected 
kidney, which is undetectable by 5-7 years of age in most 
cases. Progressive renal impairment is seen, only if other 
abnormalities are associated. The risk of malignant 
transformation (Wilms’ tumor) and hypertension is 
negligible. Nephrectomy is not indicated except in 
presence of severe hypertension, suspected malignancy, 
or a large kidney that fails to involute. 


Obstructive Uropathy 


Obstructive anomalies of the urinary tract are an important 
cause of irreversible renal damage in childhood. The 
common lesions include pelviureteric junction obstruction, 
vesicoureteric junction obstruction and posterior urethral 
valves. Diagnosis is suspected on antenatal ultrasono- 
graphy or following presentations with dribbling of urine, 
poor urinary stream, fever and/or urinary tract infections. 
Chronic obstruction results in dysfunction of distal tubules 
with impaired urinary concentration and acidification, 





Fig. 17.23: Multicystlc dysplastic kidney. Multiple, thin-walle? 


n 
and noncommunicating cysts Involve the left kidney ° 
postnatal ultrasound at one month age 
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leading to polyuria, polydipsia, failure to thrive, refractory 
rickets and systemic acidosis, 


Pelviureteric junction (PUJ) obstruction: Stenosis of the 
PUJ may be unilateral or bilateral. Obstruction is more 
common in boys and in presence of ectopic, malrotated 
or horseshoe kidney. It may present as an asymptomatic 
flank mass, Or with upper abdominal pain, UTI or 
hematuria. Ultrasonography shows a dilated renal pelvis 
without ureteric dilatation. Radionuclide (DTPA) renal 
scan shows impaired drainage of the affected kidney 
which does not improve despite administration of a 
diuretic. Where scintigraphy is not available, intravenous 
pyelography shows renal pelvis dilatation with an abrupt 
cut-off at the PUJ. Mild cases are followed up with 
ultrasound. Surgical treatment by pyeloplasty is indicated 
if the relative function of the affected kidney is impaired. 
Nephrectomy may be required for a kidney with 
extremely poor function that does not improve despite 


temporary nephrostomy, severe hypertension or recurrent 
urinary infections. 


Posterior urethral valves: These are an important cause 
of distal urinary tract obstruction in boys. The usual 
presenting features are dribbling, abnormal urinary 
stream, palpable bladder and recurrent UTI. The presence 
of severe obstruction in utero may lead to renal dysplasia, 
with mild to moderate renal dysfunction at birth. 
Antenatal ultrasound shows bilateral hydrouretero- 
nephrosis with or without a thick-walled bladder and 
oligohydramnios. The diagnosis is confirmed on MCU, 
which shows dilated posterior urethra and valves at its 
junction with the anterior urethra. The bladder is enlarged 
and may show diverticuli and trabeculations; secondary 
vesicoureteric reflux is common. 


Endoscopic fulguration of the valves is performed as — 


early as possible. Alternatively, temporary urinary diver- 
sion by vesicostomy or bilateral ureterostomies is 
necessary. Long-term follow-up is necessary since a 
significant proportion of patients show progressive kidney 
disease. Bladder dysfunction is common, with delayed 
continence or incontinence, poor bladder sensation and a 
poorly compliant low capacity bladder. If pharmacotherapy 
fails, patients may require clean intermittent catheterization 
and occasionally bladder augmentation. 


Phimosis: Up to the age of 2 years, the prepuce cannot 
be fully retracted because of congenital adhesions with 
the glans. The diagnosis of phimosis should thus be made 
with caution in young children. Indications for therapy 
include recurrent balanoposthitis, forceful / difficult 
urination, paraphimosis or recurrent urinary tract 
Infections. 


Ureterocele: This is a congenital condition in which the 
terminal part of the ureter distends within the bladder to 
form a sac-like pouch. Symptoms include recurrent urinary 
Infections, abdominal pain and urolithiasis. Ureteroceles 


are commonly associated with duplex systems, particularly 
in girls. Endoscopic deroofing is the treatment of choice. 


Miscellaneous 


Renal ectopia, renal fusion: An ectopic kidney may lie in 
the pelvis or the iliac fossa. It may be structurally normal 
or hypoplastic. The patient may be asymptomatic, or have 
abdominal discomfort or dysuria. A horseshoe kidney 
results from fusion of identical poles of both kidneys. 
Patients with horseshoe kidney show vesicoureteric reflux 
in 30% cases. 


Renal duplication: A duplex (duplicated) system is a 
kidney with two pyelocalyceal systems. In patients with 
partial or incomplete duplication, either a single or bifid 
ureter is present; in those with complete duplication, two 
ureters from the affected side empty separately into the 
bladder. Evaluation consists of imaging of the upper tract 
(ultrasonography, DIPA renal scan, intravenous pyelo- 
graphy) to evaluate for obstruction and lower tract (MCU) 
for vesicoureteric reflux. 


ANTENATAL HYDRONEPHROSIS 


Extensive use of antenatal ultrasonography has lead to 
increasing detection of CAKUT. On antenatal ultrasound, 
hydronephrosis is identified in 4-5% pregnancies. 
However, the majority of cases of antenatal hydro- 
nephrosis resolve without sequelae, representing transient 
physiological obstruction or stasis. Patients require 
monitoring by ultrasound during the antenatal period for 
progressive worsening and association with oligo- 
hydramnios, which suggests severe lower urinary tract 
obstruction. A postnatal ultrasound is recommended 
during the first week of life and on day 1 in severe cases. 
Neonates with posterior urethral valves, solitary kidney 
or bilateral hydronephrosis and impaired renal function 
require prompt management. Neonates showing signi- 
ficant unilateral or bilateral dilatation should undergo a 
MCU at 4-6 weeks of life to detect vesicoureteric reflux; if 
reflux is ruled out, a diuretic renal dynamic (DTPA) scan 
may be required done to detect significant PU] or VUJ 
obstruction and evaluate differential renal function, Most 
cases with mild to moderate hydronephrosis require only 
ultrasound monitoring and show spontaneous resolution 
by 2-5 years of age. Surgery is indicated in presence of 
obstructive drainage pattern associated with low 
differential function, and/or recurrent UTI. Infants with 
vesicoureteric reflux should receive continuous antibiotic 
prophylaxis. 

Figure 17.24 shows a proposed algorithm for postnatal 
evaluation and management of antenatally detected 
hydronephrosis. Parents of infants with antenatal 
hydronephrosis should be counseled regarding increased 
risk of urinary tract infections and their prompt manage- 
ment. 


| so; 





BB 502 | 










No hydronephrosis Mild hydronephrosis 
SFU grade 0 (without ureteric dilation) 
APD <7 mm SFU grade 1-2; APD 7-10 mm 


Initial scan in first week; repeat at 4~6 weeks 


No vesicoureteric reflux 


Monitor by ultrasound until resolution” 
*Parents of infants with hydronephrosis should be counseled regarding the risk of urinary tract infections 
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Postnatal ultrasound 





Moderate, severe hydronephrosis 
SFU grade 3-4; APD >10 mm 
Mild hydronephrosis with ureteric dilatation 





Vesicoureteric reflux | Lower urinary tract 


obstruction 








or decline on follow-up 


Fig. 17.24: Postnatal evaluation in patients with antenatal hydronephrosis, A postnatal ultrasound is recommended at 3-7 days 
except in suspected lower urinary tract obstruction, where it is done earlier. Postnatal hydronephrosis is classified using Society for 
Fetal Urology (SFU) grade or renal pelvic anteroposterior diameter (APD). Infants with normal findings should undergo a repeat 
study at 4-6 weeks. Patients with isolated mild hydronephrosis (unilateral or bilateral) should be followed with sequential ultrasounds, 
at 3 and 6 months, followed by 6-12 monthly until resolution; those with worsening hydronephrosis require closer evaluation. 
Patients with higher grades of hydronephrosis or dilated ureter{s) are screened for underlying obstruction or vesicoureteric reflux. 
Diuretic renography Is useful in detecting pelviureteric junction or vesicoureteric junction obstruction and determining the need for 


surgery. 
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CYSTIC KIDNEY DISEASES 


Polycystic kidney disease and nephronophthisis are 
relatively common and glomerulocystic kidney disease is 
increasingly diagnosed. Better delineation using high 
resolution ultrasonography or MRI and identification of 
genetic loci have enabled accurate diagnosis and 
management for these conditions. 


Polycystic Kidneys 


Polycystic kidneys are inherited in either the autosomal 
dominant or autosomal recessive form, with distinctive 
features. Autosomal recessive polycystic kidney disease 
(ARPKD), caused by mutations in PKHD1 gene encoding 
fibrocystin or polyductin, is characterized by fusiform 


dilation of collecting tubules which are arranged radially 
from the cortex to medulla. Affected children often present 
in the neonatal period with oliguria, respiratory 
insufficiency and palpable kidneys. ARPKD is sometimes 
diagnosed in young children presenting with hyper- 
tension, renal insufficiency and enlarged kidneys, or with 
portal hypertension due to associated congenital hepatic 
fibrosis. Ultrasonography shows enlarged ‘bright’ 
kidneys, usually without visible cysts (Fig. 17.25a). 
Contrast-enhanced computerized tomography (CT) 


reveals a characteristic striate pattern of contrast excretion 
on delayed films. 


The autosomal dominant form (ADPKD) is caused by 
mutations in the ADPKD1 (chromosome 16) or ADPKD?2 
(chromosome 4) genes encoding polycystins 1 and 2, 
respectively, membrane proteins that regulate tubular and 
vascular development in various tissues. The condition 
usually presents beyond the third decade of life with 
episodic hematuria, hypertension, palpable kidneys and 
gradual decline in renal function, but may be detected 0 
childhood. Ultrasonography shows multiple cysts in each 
kidney (Fig. 17.25b). Associated findings include cysts " 
the liver, spleen and pancreas, mitral valve prolapse an 
berry aneurysms of the cerebral arteries. Ultrasonography 
often reveals cysts in the kidneys in one affected pee 
unless they are younger than 30 years, in which ca 
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Fig. 17.25: Findings on ultrasonography in polycystic kidney disease. (a) Note bulky enlarged kidney with Increased echogenicity, 
loss of conicomedullary differentiation and occasional visible cyst (arrow) in a child with autosomal recessive polycystic kidney disease; 
(b) Renal architecture is disorganized by multiple irregular cysts of varying sizes In autosomal dominant polycystic kidney disease; 


also note the foci of calcification 


grandparents should be screened; rare cases are due to de 
novo mutations. Therapy with angiotensin-converting 
enzyme inhibitors helps control hypertension and limits 
hyperfiltration and proteinuria. The role of inhibitors of 
the mTOR pathway (sirolimus and everolimus) and V2 
receptor antagonists (tolvaptan) is being explored. 


Glomerulocystic Kidney Disease 


The predominant finding in glomerulocystic kidney 
disease (GCKD) is cysts involving glomeruli, diagnosed 
most definitely on renal biopsy. Ultrasonography shows 
small subcortical cysts with increased kidney echogenicity 
and loss of cortical medullary differentiation. The 
condition may occur sporadically, with autosomal 
dominant inheritance, as a part of known syndromes 
(tuberous sclerosis, trisomy 13) or in association with other 
renal diseases such as dysplasia, ADPKD or ARPKD. 
Mutations in the hepatocyte nuclear factor B gene lead to 
the renal cysts and diabetes syndrome, characterized by 
GCKD, maturity onset diabetes and genitourinary 
abnormalities. 


Nephronophthisis-Medullary 
Cystic Disease Complex 


This group includes recessively inherited cystic disorders 
caused by mutations in genes, named NPHP 1-9, encoding 


cytosolic proteins called nephrocystins. Patients with 
nephronophthisis present during the first decade of life 
with polydipsia, polyuria or enuresis, growth retardation 
and renal insufficiency, acidosis and anemia. Extrarenal 
features may include retinitis pigmentosa; ocular motor 
apraxia, hypotonia and cerebellar or midbrain 
abnormalities (Joubert syndrome); skeletal chondro- 
dysplasia (Jeune syndrome); and hepatic fibrosis with 
pancreatic dysplasia. 

The diagnosis of nephronophthisis is supported by the 
ultrasound or CT finding of small! kidneys with corti- 
comedullary cysts and poor corticomedullary differ- 
entiation. Renal histology shows cysts involving the 
collecting ducts, tubular dilatation with atrophy and 
interstitial fibrosis. While medullary cystic kidney disease 
is histologically indistinguishable from nephronophthisis, 
the disease is inherited in an autosomal dominant manner, 
and presentation is delayed to adulthood. 
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Endocrine and 
Metabolic Disorders 
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GENERAL PRINCIPLES 


Endocrine glands play a crucial role in the maintenance 
of body physiology and homeostasis. The hypothalamic— 
pituitary axis regulates most endocrine organs including 
thyroid, adrenals and gonads, and processes like growth, 
puberty, and regulation of salt and water homeostasis. 


Structure and Mechanism of Action 


Hormones are chemicals secreted by endocrine glands into 
bloodstream that act at sites distant from the site of their 
origin. Hormones are derived either from amino acids (e.g. 
peptide hormones, glycoproteins, thyroxine and 
epinephrine) or cholesterol (e.g. steroid hormones, vitamin 
D, adrenal and gonadal steroids). The peptide hormones 
(e.g. parathyroid hormone, growth hormone and insulin) 
do not bind to circulating binding proteins resulting in 
their rapid elimination with a short half-life. These 
hormones are destroyed in the stomach often by gastric 
acid and hence cannot be administered orally. They do 
not cross the plasma membrane, but act on membrane 
receptors. The steroid hormones, on the other hand, bind 
to circulating proteins and have a longer half-life. They 
traverse cell membranes and act on intracellular receptors. 
They are readily absorbed after oral intake. Hormone 
receptors may be extracellular (e.g. peptide hormones) or 
intracellular (e.g. steroid and thyroid hormones). Binding 
of hormones to the extracellular receptors activates a 
catalytic process resulting in the production of second 
messengers that induce structural changes in intracellular 
proteins, culminating in the hormone effect (Fig. 18.1). 
Steroids and thyroxine act on intracellular receptors 
(Fig. 18.2). The resulting hormone-receptor complex binds 
to the hormone response elements in the target gene, 
resulting in regulation of transcription. The effect of these 
hormones is hence slower than those acting through 
extracellular receptors. 


Regulation and Metabolism 


Hormone secretion is regulated by a feedback system that 
includes regulatory hormones, hormone levels and 
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Fig. 18.1; Mechanism of action of extracellular G-protein 
coupled adrenocorticotropic hormone (ACTH) receptor. Note 
that ACTH has a small extracellular receptor (R), Activation of 
the ACTH receptor stimulates G-protein, Gsa subunit by 
hydrolyzing guanosine triphosphate (GTP) to guanosine 
diphosphate (GDP), resulting in increased intracellular cyclic 
AMP that stimulates steroidogenesis by activating cyclic AMP- 
dependent kinases. AMP adenosine monophosphate, 
AIP adenosine triohosphate 
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Fig. 18.2: Mechanism of action of intracellular cortisol recep!" 
HRE hormone response element 


hormone effects. The feedback operates at the level of the 
endocrine gland as well as the hypothalamic—pitutta i 
axis, Plasma enzymes rapidly inactivate the pep! 
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hormones, shortening their duration of action. Steroid 
hormones are slowly metabolized by the liver and excreted 
in the urine. Urinary analysis for steroid hormones thus 

rovides an indirect outline about their synthesis and 
metabolism. Activation of hormones (e.g. androgen to 
estrogen, testosterone to dihydrotestosterone and calcidiol 
to calcitriol) is vital for the action of some hormones. 
Inactivation of hormones at the site of action prevents their 
excess effects (e.g. inactivation of cortisol by 11B- 
hydroxysteroid dehydrogenase prevents its action on 
mineralocorticoid receptor). Peripheral conversion also 
plays an important role in hormone function (e.g. 
conversion of thyroxine to triiodothyronine). 


Assessment of Hormone Action 


Endocrine assessment relies on the estimation of basal 
hormone levels (e.g. thyroid disorders), their metabolites 
(e.g. urinary metabolites in adrenal disorders), hormone 
effects (e.g. insulin-like growth factor-1 levels in growth 
hormone deficiency and urinary osmolality for diabetes 
insipidus), stimulation tests in deficiency states (e.g. 
growth hormone deficiency and adrenal insufficiency) and 
suppression tests in excess states (e.g. growth hormone 
excess and Cushing syndrome). Pulsatile secretion of 
hormones makes the assessment of many hormones bya 
single blood test arduous. Pooled samples (three blood 
samples drawn at 0, 15 and 30 minutes) are mandatory 
for hormones such as gonadotropins, prolactin and 
cortisol. 


The feedback mechanism also guides the assessment 
of endocrine disorders. As discussed earlier, in primary 
organ failure, pituitary hormones are elevated through 
a feedback regulation loop (e.g. thyroid-stimulating 
hormone in primary hypothyroidism, luteinizing 
hormone and follicle-stimulating hormone with gonadal 
failure and adrenocorticotropic hormone with adrenal 
failure, whereas low pituitary hormone levels suggest 
probable hypothalamic or pituitary dysfunction). The 
feedback mechanism also provides the basis for dynamic 
endocrine tests for diagnosis of hormone excess states 
(e.g. dexamethasone suppression test for Cushing 
Syndrome and glucose suppression test for growth 
hormone excess). 
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DISORDERS OF PITUITARY GLAND 


Physiology 


The anterior and posterior parts of pituitary gland are 
distinct both in embryology and function. The anterior 
pituitary develops from the Rathke's pouch. Posterior 
pituitary originates from the infundibulum, which is a 
downgrowth from the floor of the diencephalon. The 
principal hormones produced by the anterior pituitary are 
thyroid-stimulating hormone (TSH), adrenocorticotropic 
hormone (ACTH), follicle-stimulating hormone (FSH), 
luteinizing hormone (LH), growth hormone (GH) and 
prolactin (PRL). These hormones regulate the actions of 
target organs—adrenals by ACTH, thyroid by TSH and 
gonads by LH and FSH. The secretion of anterior pituitary 
hormones is regulated by hypothalamic peptides: Growth 
hormone releasing hormone (GHRH), somatostatin, 
dopamine, gonadotropin-releasing hormone (GnRH), 
corticotropin-releasing hormone (CRH) and thyrotropin- 
releasing hormone (TRH), and also by hormones produced 
by the target glands. Posterior pituitary hormones 
(arginine vasopressin or AVP and oxytocin) are secreted 
by neurons in the hypothalamic nuclei. AVP (antidiuretic 
hormone, ADH) is the key regulator of body water and 
osmolality. 


Growth Hormone Deficiency 


Growth hormone deficiency (GHD) may be caused by 
congenital malformations of central nervous system 
(CNS), genetic defects or acquired neurological insults 
(Table 18.1). Children with GHD have normal growth at 
birth. Growth retardation becomes apparent by the age 
of one year. Crowding of midfacial structures with a round 


Table 18.1: Etiology of growth hormone deficiency 
Congenital 


Genetic defects 
Isolated GH deficiency 
Type |: Autosomal recessive 
Type Il: Autosomal dominant 
Type Ill: X-linked recessive 
Multiple pituitary deficiencies 
Type |; Autosomal recessive 
Type Il: X-linked 
Idiopathic GH releasing hormone deficiency 
Developmental defects: Pituitary aplasia or hypoplasia, 
anencephaly, holoprosencephaly, midfacial anomalies, septo- 
optic dysplasia 
Acquired 


Tumors: Hypothalamic, pituitary or other intracranial tumors 
Irradiation 

Infections: Encephalitis, meningitis, tuberculosis, toxoplasmosis 
Infiltration: Histiocytosis, hemochromatosis, sarcoidosis 
Injury: Perinatal insult (breech), head injury, surgery 
Vascular: Aneurysm, infarction 
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Fig. 18.3: A 6-year-old girl with short stature due to growth 
hormone deficiency. Note the immature facies, midfacial 
hypoplasia and cherubic appearance 


facies, depressed nasal bridge, single central incisor tooth, 
micropenis, undescended testis and mild obesity are 
comumnon clinical features (Fig. 18.3). Body proportions are 
normal. The development of teeth is delayed. The facial 
appearance is ‘doll-like' and these children look much 
younger than their actual age. Bone age is delayed. 
Newborns may present with severe hypoglycemic 
seizures due to concomitant ACTH deficiency. Associated 
gonadotropin deficiency causes delay in sexual 
development and small genitalia. 

Resistance to GH action (GH insensitivity or Laron 
syndrome) presents with almost similar features with 
severe growth retardation and elevated baseline GH 
levels. 


Approach to Diagnosis of Short Stature and GHD 


Growth failure may occur as part of any long-standing 
systemic illness. Chronic systemic disorders and 
nutritional deficiencies (including malabsorption) have 
predominant effect on weight and height is less affected 
initially. Thus weight age is substantially lower than 
height age. On the contrary, endocrine causes like GHD, 
hypothyroidism and pseudohypoparathyroidism mainly 
affect height resulting in disproportionately low height 
age (see Chapter 2). 


Evaluation 


History: Perinatal history, birth weight and length should 
be recorded. History of birth asphyxia, breech presentation, 
neonatal hypoglycemia, micropenis and prolonged 
jaundice should alert the pediatrician for the possibility 
of GHD. Features of chronic infections, cardiopulmonary 
disorders, malabsorption and raised intracranial tension 
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should be looked for in all short children. Presence of 
polyuria and polydipsia suggests diabetes insipidus 
diabetes mellitus and/or renal tubular Acidosis 
Constipation, delayed milestones, lethargy and colq 
intolerance indicate hypothyroidism. Family history of 
short stature and/or delayed puberty suggests the 
possibility of familial short stature or constitutional delay 


of growth and puberty. 


Examination: Anthropometric assessment (weight, height, 
weight for height and head circumference) provides 
crucial inputs for the diagnosis. Body proportions help in 
identifying skeletal dysplasia. Increased upper to lower 
segment (US: LS) ratio is observed in hypothyroidism, 
achondroplasia (Fig. 18.4) or Turner syndrome while 
reduced US: LS ratio is seen in disorders such as Morquio 
syndrome and spondyloepiphyseal dysplasia. Body 
proportions are normal in GHD. 

The clinician should also look for specific clinical 
features of an underlying etiology such as GHD, 
hypothyroidism, Turner syndrome and rickets (Table 18.2), 
Evaluation for dysmorphism, skeletal deformities and 
pubertal staging (sexual maturity rating) is essential for 
diagnosis. 


Investigations: Laboratory evaluation of short stature is 
best done by a stepwise application of diagnostic tests to 
determine the etiology (Fig. 18.5). 


Step 1: The first step in investigation is to rule out common 
treatable causes. This involves exclusion of malnutrition, 
chronic systemic illnesses and recurrent infections by 
appropriate tests such as complete blood counts, 
erythrocyte sedimentation rate, chest X-ray, serum 


tions 





and the characteristic facies. 
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Table 18.2: Pointers to the etiology of short stature | 


Pointer Etiology 

Midline defects, Growth hormone deficiency 

micropenis 

Rickets Renal failure, malabsorption, renal 
tubular acidosis 

Pallor Renal failure, malabsorption, 
nutritional anemia 

Malnutrition Protein energy malnutrition, 
malabsorption, celiac disease, cystic 
fibrosis 

Obesity Hypothyroidism, Cushing syndrome, 
Prader-Willi syndrome, pseudohypo- 
parathyroidism 

Metacarpal Turner syndrome, pseudohypo- 

shortening parathyroidism 

Cardiac murmur Turner syndrome, congenital heart 
disease 


Mental retardation Hypothyroidism, Down syndrome, 


Turner syndrome, pseudohypo- 
parathyroidism 


Corrected height SDS 







>—-2 SDS <~2 SDS 
No evaluation 


<-1 SDS 





Facies, body 
proportion 



















Abnormal Normal phenotype 
¥ 
Genetic syndrome| | Hemogram, LFT, RFT, bone age, chest X-ray, 
Skeletal dysplasia malabsorption studies, blood gas 





Normal 


Thyroid profile, = 
celiac serology, karyotype in girls 


Normal 









IGF-1, IGFBP-3 
GH provocation tests 





Fig. 18.5: Approach to a child with short stature. GH growth 
hormone: IGF-1 insulin-like growth factor-1; IGFBP-3 IGF binding 
Protein-3: LFT liver function tests; RFT renal function tests; 
SDS standard deviation score 


electrolytes, liver and renal function tests and venous 
blood gases (renal tubular acidosis). Estimation of skeletal 
maturation (bone age) forms an important aspect of 
evaluation of short stature. 


Step 2: The next step in evaluation involves evaluation for 
hypothyroidism (free T4 and TSH), celiac disease (tissue 
transglutaminase antibody) and Turner syndrome 
(karyotype in all girls). 

Step 3: Evaluation for GH-IGF (insulin-like growth factor) 
axis is performed after common causes of growth 
retardation are excluded. This is important as systemic 
illness and hypothyroidism influence the GH-IGF axis. 
Random or fasting blood GH level measurements do not 
confirm the diagnosis of GHD, as GH hormone secretion 
is pulsatile. The diagnosis of GHD requires pharmacologic 
stimulation tests. GHD is suspected when the peak level 
of GH is less than 10 ng/mL following stimulation. The 
common provocative agents used are insulin, glucagon, 
clonidine or GHRH. Levels of IGF-1 and IGF binding 
protein-3 (IGFBP-3) are helpful to diagnose GHD and 
Laron syndrome. GHD may be associated with other 
pituitary hormone deficiencies and appropriate 
investigations should be carried out to detect deficiency 
of these hormones, if GHD is present. CT or MRI scans of 
hypothalamic and pituitary regions are essential to rule 
out developmental or acquired neurological lesions. 


Management 


General measures: Management of short stature involves 
correction of the underlying cause and provision of 
adequate nutrition intake. Patients should be advised diet 
rich in protein and calorie content. They should be 
encouraged to increase their physical activity. Iron and 
vitamin deficiencies should be corrected, if present. Zinc 
supplementation (10 mg/day for 3-6 months) may help in 
improving growth in patients with idiopathic short stature. 


Specific therapy: Initiation of specific treatment is effective 
in restoring growth in hypothyroidism (thyroxine), celiac 
disease (gluten-free diet) and renal tubular acidosis 
(bicarbonate supplements). A short course of testosterone 
helps boys with constitutional delay of growth and 
puberty. Treatment of genetic syndromes and skeletal 
dysplasias is extremely difficult. Some of them do respond 
to GH therapy. Surgical techniques for bone lengthening 
(e.g. Ilizarov procedure) have been used with variable 
success in selected forms of skeletal dysplasia. 


Growth hormone: GH is highly effective patients with 
GHD. GH therapy may result in increase in final height 
by 20-30 cm from pretreatment levels. The treatment is 
given as daily night-time injections (25-50 pg/kg/day) 
till epiphyses close. GH therapy is monitored by 
assessment of physical growth and bone age measurements. 
Lab parameters are often not helpful to monitor GH 
therapy, even though IGF-1 levels have been tried. The 
treatment is expensive and all efforts should be made to 
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Table 18.3: Indications for growth hormone therapy 
Growth hormone deficiency in children and adults 
Turner syndrome 
Chronic renal insufficiency 
Prader-Willi syndrome 


Small for gestational age who fail to catch-up in growth by 2— 
3 years of age 

SHOX gene mutations and Leri-Weill dyschondrosteosis 
Noonan syndrome 

Idiopathic short stature 


ensure that treatment is given regularly for at least 2 years. 
The role of GH is expanding with increasing use in other 
disorders with short stature such as Turner syndrome, 
chronic renal failure, small for gestational age infants who 
fail to catch-up, Russell-Silver syndrome, Prader-Willi 
syndrome and idiopathic short stature (Table 18.3). 


Growth Hormone Excess 


Excess of GH during childhood may result in somatic 
overgrowth or gigantism. Increased GH secretion after the 
fusion of skeletal epiphyses causes features of acromegaly. 
Coarse features with prominent jaw, broad nose, large 
tongue, bushy eyebrows, thick skin and dorsal kyphosis 
are characteristic. Headache and visual field defects 


(bitemporal hemianopia and enlargement of the blind 
spot) are common. 


Diagnosis: The diagnosis is based on clinical examination, 
serial photographs of the child, growth assessment and 
investigations. X-rays may show tufting of the phalanges 
and increased heel pad thickness. MRI of brain helps to 
confirm and determine the extent of the tumor. IGF-1 is 
the best screening test for GH excess. Non-suppressible 
GH levels confirm the diagnosis after a glucose challenge. 

Pituitary gigantism is rare in children. It may be the 
only clue to an underlying pituitary adenoma, which may 
be associated with isolated or multiple endocrine 
abnormalities in the setting of multiple endocrine 
neoplasia or McCune-Albright syndrome. 


Differential diagnosis: GH excess differs from Sotos 
syndrome (cerebral gigantism), which is characterized by 
large size at birth, excessive growth in early childhood, 
and advanced height, weight and bone ages. The skull is 
large with prominent forehead and jaw, high-arched 
palate, hypertelorism and antimongoloid slant of the 
palpebral fissure. Tall stature due to hereditary tall stature, 
obesity, precocious puberty, Marfan syndrome and 
homocystinuria should be ruled out by appropriate tests. 


Management: Medical management involves the use of long- 
acting somatostatin analogs such as octreotide. The GH 
receptor antagonist, pegvisomant is also useful in treatment. 
Partial or complete resection of pituitary adenoma is 
indicated, if there is evidence of raised intracranial tension. 
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Diabetes Insipidus 


Polyuria (urine output >5 mL/kg/hr or 2 L/m? / day) ig 
an important pediatric problem and may be the on| 
manifestation of a serious disease such as diabetg, 
insipidus, diabetes mellitus, brain tumor and renal tubula; 
acidosis. Polyuria may result from increased solute loaq 
or impaired renal concentrating capacity (Table 18.4). 

Diabetes insipidus (DI) is an important cause of 
polyuria. DI presents with low urine osmolality (<é609 
mOsm/kg) in association with high plasma osmolalj 
(>300 mOsm/kg or serum sodium >146 mEq/L). DI may 
be due to decreased production of vasopressin (central 
DI) or its action (nephrogenic DI). Dehydration is unusual 
unless there is an abnormality of thirst mechanism, 
However, infants are at a high risk of developing 
hypernatremic dehydration. 


Central DI; This is commonly associated with an 
intracranial pathology (Table 18.4). Craniopharyngioma 
may present with DI, growth retardation and skull 
calcification. Germinoma located in the pituitary stalk may 
be missed on routine brain scans, emphasizing the need 
to repeat neuroimaging, if no cause is found. Malforma- 
tions of the CNS such as septo-optic dysplasia and 
holoprosencephaly display central DI and deficiency of 
anterior pituitary hormones. Histiocytosis is the 


Table 18.4: Causes of polyuria 
Increased fluid load 
latrogenic 
Compulsive water drinking 


Increased solute load 


Osmotic diuresis: Diabetes mellitus, mannitol treatment 


Salt loss: Adrenal insufficiency, diuretics, cerebral salt w2s'ing, 
aldosterone resistance 


Impaired urinary concentration 


Inefficient ADH action (diabetes insipidus, DI) 
Central DI (neurogenic Di) 
Genetic defects 


Malformations: Septo-optic dysplasia, holoprosencephaly, 
anencephaly 


CNS insults: Head trauma, neurosurgery, infection, brain 
death 


Infiltrative disorders: Sarcoidosis, histiocytosis 

Space occupying lesions: Craniopharyngioma, germinoma 
Nephrogenic DI 

Genetic: X-linked (V2 receptor), AR and AD (aquaporin defect) 


Acquired: Hypokalemia, hypercalcemia, obstructive 
uropathy, nephrocalcinosis 


Tubulopathy 
Renal tubular acidosis 
Bartter syndrome 
Gitelman syndrome 


stad al 
AD: Autosomal dominant; ADH: Antidiuretic hormone; AR: Autosom 
recessive 


Endocrine and Metabolic Disorders 


commonest infiltrative disorder associated with central 
DI. Neurological infections including tuberculosis may 
manifest with central DI later. 


Nephrogenic DI: This results from inherited or acquired 
resistance to vasopressin. Congenital nephrogenic DI due 
to mutation in vasopressin receptor (V2) presents in 
infancy with failure to thrive, recurrent fever and 
dehydration. Polyuria is often absent in this setting. 
Hypokalemia and hypercalcemia are important causes of 
nephrogenic DI. 


Water Balance ond Differential Diagnosis of Polyuria 


Maintenance of water balance involves regulation of urine 
output and thirst. Thirst is controlled by hypothalamus. 
Urine output is determined by solute load, hydration 
status and urine concentration capacity. Fluid homeostasis 
involves close interaction of arginine vasopressin (AVP), 
renin-angiotensin—aldosterone system and atrial natriuretic 
peptide (ANP). Vasopressin is secreted by hypothalamus 
in response to osmotic signals and acts on the V2 receptors 
in collecting duct to increase free water resorption. The 
renin-angiotensin—aldosterone system is central to the 
regulation of sodium, fluid and blood pressure. 


Diabetes mellitus: Diabetes mellitus presents with 
polydipsia, polyphagia, recurrent infections and weight 
loss in addition to polyuria. 


Renal disorders: Polyuria is common in obstructive 
uropathy, It is often the presenting feature of tubular 
disorders such as renal tubular acidosis (RTA), Bartter 
syndrome and Gitelman syndrome. These conditions are 
associated with severe failure to thrive and rickets. 


Inefficient aldosterone action: These include adrenal 
insufficiency, isolated aldosterone deficiency or 
aldosterone resistance. They present with hyponatremia, 
hyperkalemia and dehydration. The condition may be 
lethal. Failure to thrive is common. Pigmentation is 
characteristic of adrenal insufficiency. Polyuria and salt 
wasting in the neonatal period should prompt evaluation 
for congenital adrenal hyperplasia (CAH). Genital 
ambiguity in girls is a clue to the diagnosis of CAH. 


Excessive water drinking (psychogenic polydipsia): The 
condition is rare and a diagnosis of exclusion. 


Evaluation 


Subjective estimates of urine output and nocturia may 
Suggest polyuria; however, these cannot substitute for 
Measurement of 24-hour urine output and fluid intake. 
Urine output in excess of 2 L/ m?/day or 5 mL/kg/hr 
confirms polyuria (Fig. 18.6). 

Clinical; Diabetes mellitus is suggested by polyphagia, 


Tecurrent infections and failure to thrive. Renal tubular 
acidosis should be suspected when acidotic breathing, 


Confirm polyuria 


Urine output <2 Lim’/day 
Document urine output 


No further evaluation 
“Urine output >2 L/m’/day 
Urine osmolality 


>300 mOsm/kg 





<300 mOsm/kg 


| Creatinine, blood gas | Osmotic diuresis 
eo a Exclude DM 


Deranged Normal 


RTA, renal failure y 
| Water deprivation test | 


Urine osmolality 


Urine osmolality 
>750 mOsm/kg 


<750 mOsm/kg 









| Excessive water 


Vasopressin 
drinking 


response test 






Positive 


| Central DI | 


Fig. 18.6: Approach to a child with polyuria. DI! diabetes 
insipidus; DM diabetes mellitus; RTA renal tubular acidosis 


Negative 
¥ 


| Nephrogenic DI 


bony deformities or muscle weakness are present. 
Neurological and fundus examination should be 
performed. Careful search for features of histiocytosis (e.g. 
ear discharge, proptosis, rash, organomegaly, lympha- 
denopathy, bony defects and seborrheic dermatitis) is 
essential (Table 18.5). 


Investigations: Initial investigations should include 
testing for urine sugar and early morning specific gravity 
or osmolality. Blood gases, urea, electrolytes, calcium and 
creatinine should be estimated. High plasma osmolality 
(>300 mOsm/kg or sodium >146 mEq/L) with low urine 
osmolality (<300 mOsm/kg and urine specific gravity 
<1.005) suggest the diagnosis of DI, which needs further 
classification on the basis of response to AVP. Patients 
with normal plasma osmolality and low urine osmolality 


Table 18.5: Pointers to diagnosis of polyuria 


Feature Diagnosis 

Cleft lip, cleft palate Hypopituitarism 

Metabolic bone Renal tubular acidosis (RTA), renal 
disease failure 


Nephrogenic diabetes insipidus, RTA, 
congenital adrenal hyperplasia, 
Bartter syndrome 


Histiocytosis 
Adrenal insufficiency 
Congenital adrenal hyperplasia 


Growth failure 


Rash, ear discharge 
Pigmentation 
Genital ambiguity 
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(<300 mOsm/kg) should undergo water deprivation test. 
Urinary osmolality >300 mOsm/kg (specific gravity 
>1,010) excludes the possibility of complete DI. 

MRI of the hypothalamic-pituitary region and anterior 
pituitary hormone evaluation should be done in central 
DI. Evaluation of nephrogenic DI includes renal imaging 
and serum electrolytes. 


Water deprivation test: This test is indicated in children 
with polyuria with low urinary osmolality and normal 
plasma osmolality. The aim is to increase plasma 
osmolality above 300 mOsm/kg (or serum sodium above 
146 mEq/L) to allow the opportunity for maximal renal 
concentration. Renal failure and RTA should be excluded 
before the test. Water deprivation test is not required in 
the presence of hypernatremia. It should be done on an 
inpatient basis due to the risk for dehydration. 

Water deprivation is started early in the morning. The 
child is weighed and target weight loss calculated (5% 
of total body weight). Body weight, urine output and 
urine and blood osmolality are monitored hourly. The test 
is stopped when urine osmolality increases above 
750 mOsm/kg or specific gravity is more than 1.010 
excluding DI. The test is also discontinued when serum 
sodium is above 146 mEq/L (target achieved) or weight 
loss is more than 5% (risk of dehydration). Urine osmolality 
below 300 mOsm/kg in the presence of plasma osmolality 
above 300 mOsm/kg confirms DI and needs evaluation 
by a formal vasopressin test. Partial forms of DI may have 
urine osmolality between 300 and 750 mOsm/kg and also 
require to be evaluated. 


Vasopressin response test: This test is performed to differen- 
tiate central DI from nephrogenic DI. Urine osmolality 
is measured one and four hours after vasopressin 
injection (0.1 unit/kg). An increase in urine osmolality 
by more than 50% of baseline level is diagnostic of central 
DI while a smaller increase suggests nephrogenic DI. 


Management 


Management of polyuria is guided by the underlying 
cause. Treatment of underlying diabetes mellitus (insulin), 
adrenal insufficiency (hydrocortisone) and renal tubular 
acidosis (bicarbonate supplementation) is effective in 
reducing urine output. Behavioral therapy is recommended 
for psychological polydipsia. 


Central DI: Central DI is managed with vasopressin 
analogs. Desmopressin (DDAVP), a vasopressin analog 
has high potency and prolonged duration of action. It can 
be given by intranasal (2.5-10 ug 12 hourly), or sublingual 
or oral (50-200 jig 12 hourly) route. Patients with idiopathic 
DI should be followed for evolving brain tumors. 


Nephrogenic DI: Hydrochlorothiazide and amiloride 
combination (1-2 mg/kg/day of thiazide) reduces urine 
output by 40%. Addition of indomethacin to this regimen 
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reduces urine output by 50-70%. This should be combineg 
with salt restriction and reduction in solute load. 
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DISORDERS OF THYROID GLAND 


Physiology 


Biosynthesis of thyroid hormones involves interaction of 
iodine, tyrosine, thyroglobulin and the enzyme, thyroid 
peroxidase. Thyroid peroxidase is the rate-limiting 
enzyme in thyroid hormone synthesis. This process is 
regulated by TSH (Fig. 18.7). TSH secretion is, in tum, 
under the direct control of the thyrotropin-releasing 
hormone (TRH) released from the hypothalamus and 
feedback control of thyroxine. Thyroid hormones bind to 
intracellular receptors and activate transcription factors. 
Most triiodothyronine (T;) in the circulation is produced 
by peripheral conversion of thyroxine (T,) by the enzyme 
monodeiodinase. This process is stimulated in thyroid 
hormone-depleted states as a protective mechanism to 
produce more T3. Thus T; levels are the last to fall in 
hypothyroidism, and are not a reliable indicator of the 
disease. 

Thyroid hormones play an active role in the regulation 
of somatic and intellectual growth, intermediary 
metabolism and thermoregulation. There is a critical phase 
in the early neonatal period for the effect of thyrol 
hormone on mental development. This underscores thé 
need for early diagnosis and appropriate management © 
congenital hypothyroidism. TSH levels increas® 
immediately after birth, resulting in increase in T; and i 
levels, and reach their maximum by 24 hours. Their lev . 
fall to normal in the next few weeks, TSH levels shoul 
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Hypothalamus | 






Fig. 18.7: Regulation of hypothalamic-—pitultary-thyroid axis. FT, 
free triodothyronine; FT, free thyroxine; T, trliodothyronine; T, 
thyroxine; TBG thyroxine binding globulin; TRH thyrotropin- 
releasing hormone; TSH thyroid-stimulating hormone 


thus be estimated after 48 hours after birth as a part of 
neonatal screening for congenital hypothyroidism. 


Assessment of Thyroid Function 


Thyroid function is assessed by serum TSH and free and/ 
or total T, and T,. TSH is the most sensitive indicator of 
primary (thyroidal) hypothyroidism, but is not as helpful 
in the diagnosis of central (pituitary or hypothalamic) 
hypothyroidism. Serum T, level is a better indicator of 
thyroid status than serum T, due to increased conversion 
of T, to T,; during thyroid-depleted states. Considering 
the variability in the levels of circulating thyroxine-binding 
globulin (TBG), estimation of free thyroid hormones is 
superior to total hormone levels in the diagnosis of 
hypothyroidism. Low free T, (FT,) and low TSH levels 
suggest central hypothyroidism, while low FT, levels with 
high TSH levels indicate primary hypothyroidism. 
Persistent elevation of TSH in the presence of normal FT, 
suggests subclinical hypothyroidism. Elevated FT, and 
undetectable TSH levels imply a hyperthyroid state. 


Hypothyroidism 


Hypothyroidism is caused by defects in the hypothalamic— 
pituitary axis (central hypothyroidism), thyroid gland 
(primary hypothyroidism) or the peripheral sensitivity to 
thyroxine (Table 18.6). 


Congenital Hypothyroidism 


Congenital hypothyroidism is the most common 

preventable cause of mental retardation. Congenital 

hypothyroidism is more commonly reported in India (1 

re newborns) compared to western countries (1 in 
00). 


Etiology: With wider coverage of iodine supplementation 
Program, the incidence of iodine deficiency has declined 
and thyroid dysgenesis has emerged as the most common 
cause of congenital hypothyroidism in India (75% of all 
Cases). The disorder encompasses a spectrum ranging from 


Table 18.6: Etiology of hypothyroidism 


Primary (thyroid, >95%) 

Autoimmune thyroiditis 

Enzyme defects: Trapping, organification, thyroglobulin 
synthesis, deiodination 

lodine deficiency: Endemic goiter 

Dysgenesis: Aplasia, dysplasia, ectopia 

Thyroid injury: Surgery, radiation, infection 

Goitrogens: Thiocyanates, thionamides, lithium, amiodarone 
Transient causes: Maternal TSH receptor blocking antibody, 
iodine excess, maternal antithyroid drug 


Secondary or tertiary (hypothalamus or pituitary, <5%) 
Malformations: Septo-optic dysplasia, holoprosencephaly 
Genetic defects 

CNS insults: Trauma, surgery, radiation, infection 

CNS tumors: Craniopharyngioma, germinoma 


Peripheral (extremely rare) 
Resistance to thyroxine 
CNS: Central nervous system; TSH: Thyroid-stimulating hormone 


complete agenesis, partial agenesis to ectopic thyroid. 
Increased incidence of thyroid dysgenesis is noted in 
Down syndrome. Biosynthetic defects include disorders 
affecting iodine transport, peroxidation, thyroglobulin 
synthesis and deiodination. Pendred syndrome, a disorder 
of the pendrin gene, is associated with decreased 
intracellular transport of iodine and deafness. Nongoitrous 
congenital hypothyroidism is known to be associated with 
genes TSHR, PAX8 and TSHB. Transient congenital 
hypothyroidism may occur following transplacental 
passage of TSH receptor blocking antibodies, iodine 
exposure and treatment with antithyroid drugs (e.g. 
amiodarone). 


Clinical features: Features of congenital hypothyroidism 
are nonspecific and often difficult to identify in the 
neonatal period. They become prominent with increasing 
age. However, the window period for neurological 
intervention would have elapsed in most children by that 
time. This underscores the need for neonatal screening 
for congenital hypothyroidism. Clinical manifestations 
include hoarse cry, facial puffiness, umbilical hernia, 
hypotonia, mottling of skin and lethargy (Fig. 18.8). 
Prolonged jaundice, constipation and unexplained 
hypothermia may also indicate hypothyroidism. Open 
posterior fontanel is an important indicator of congenital 
hypothyroidism (Table 18.7). 


Evaluation: History of maternal thyroid disease or 
ingestion of antithyroid medications should be probed. 
Family history of hypothyroidism suggests dyshormono- 
genesis, while recurrent transient hypothyroidism 
indicates a disease related to maternal TSH receptor 
antibody. Residence in iodine deficient area may suggest 
the diagnosis of iodine deficiency. Presence of goiter 
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Fig. 18.8: Congenital hypothyroidism: Note the characteristic 
| facial features 


Table 18.7: Clinical features of hypothyroidism 


Congenital Acquired 

Open posterior fontanel Growth retardation 
Umbilical hernia Delayed skeletal maturation 
Characteristic Delayed dental development 
edematous facies Delayed puberty 
Constipation Myopathy and 

Pallor pseudohypertrophy 
Hypothermia Enlarged sella 

Large tongue Pseudotumor cerebri 
Rough dry skin 

Hypotonia 


Large abdomen 


should prompt evaluation for transplacental passage of 
antithyroid drugs or disorders of thyroid hormone 
biosynthesis. Hypoglycemia, micropenis and midline 
facial defects suggest hypothalamic-—pituitary causes. 


Investigations; Initial investigations in a child with high 
TSH levels include evaluation of radionuclide uptake and 
ultrasound of thyroid to confirm the presence of thyroid 
gland. Thyroid dysgenesis is diagnosed, if no thyroid 
tissue is visualized on ultrasound. Radiotracer uptake 
study with radioactive iodine or technetium is done as 
soon as the diagnosis of primary congenital hypo- 
thyroidism is established (Fig. 18.9). Children with absent 
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Thyroid scan 
No uptake Ectopic uptake Increased uptake 

| Ectopic thyrold | | Dyshormonogenesis 
sa lodine deficiency | 


No thyroid gland Normal thyroid gland 


Thyroid agenesis 


Negative Positive 


" a 
Defect in sodium iodide Maternal antibodies | 
transporter, TSH receptor, against TSH receptor 


TPO or thyroglobulin 


















Antibodies binding to TSH receptor 


Fig. 18.9: Approach to diagnosis of congenital hypothyroidism, 
TPO thyroid peroxidase; TSH thyrold-stimulating hormone 


radiotracer uptake but normal thyroid on ultrasound may 
have defects in iodine transport, TSH receptor abnormalities 
or transplacental passage of TSH blocking antibody, 
Increased radioactive tracer uptake suggests iodine 
deficiency or dyshormonogenesis (Table 18.8). Children 
with low TSH levels should be worked up for other 
pituitary defects. 


Management: Thyroid replacement should be started 
straightaway after diagnosis. In central hypothyroidism, 
cortisol replacement should precede thyroid replacement 
as it could precipitate adrenal insufficiency. Thyroxine (Ty) 
is initiated at a dose of 10-15 pg/kg/day. T, and TSH 
levels are expected to normalize over one week and one 
month, respectively, with this treatment. FT, and TSH 
should be measured at each visit. Thyroxine dose should 
be adjusted to achieve FT, levels in the upper norm.i range 
for the age. TSH levels may remain high for up to two 
years in children with reset hypothalamic—pituitary axis. 
Lifelong thyroid replacement is required in mcsi cases: 
In suspected transient congenital hypothyroidism, thyroid 
replacement should be stopped for one month at the age 
of 3 years. Treatment is not required, if follow-up thyroid 
functions are normal. 


Table 18.8: Comparison of different forms of primary congenital hypothyroidism 


Type Goiter Radioactive iodine uptake Urine iodine Thyroid on ultrasound _ Diagnostic investigation 
Dysgenesis/agenesis No No Normal Absent Radionuclide scan 
Ectopic No Ectopic Normal Absent Radionuclide scan 
lodine deficiency Yes High Low Eutopic Urine iodine 
TSHRAb* No No Normal Eutopic Antibody 

| Enzyme defects Yes Normal Normal Eutopic Perchlorate discharg¢ 


“TSHRAb antibody to TSH receptor 
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Outcome: Early diagnosis and treatment following 
neonatal screening has resulted in normal intellectual 
outcomes. Outcome is, however, poor in children with 
congenital hypothyroidism who have been diagnosed 
beyond the neonatal period. Mental retardation and short 
stature are common sequels. 


Screening: Difficulty in early identification of congenital 
hypothyroidism and the disastrous consequences of 
delayed diagnosis have led to neonatal screening for 
hypothyroidism. Screening programs use dried blood 
sample collected at postnatal age of 2 to 4 days. The most 
commonly used strategy screens first for TSH. Care should 
be taken to use appropriate cutoff for TSH levels as per 
age. Higher levels of TSH are used initially as cutoff for 
treatment (more than 40 mU/L). TSH-based screening has 
higher sensitivity compared to T,-based approach. 
However, ISH-based approach does not identify central 
hypothyroidism. T, first approach can identify these 
children, but has the disadvantage of missing cases with 
compensated hypothyroidism. 


Acquired Hypothyroidism 


Etiology: Autoimmune thyroiditis is the most common 
cause of acquired hypothyroidism. This is more common 
in girls. Goiter is often nodular and firm unlike the soft 
and uniform goiter seen in dyshormonogenesis. Anti- 
thyroid peroxidase (anti-IPO) antibodies are usually 
present. Autoimmune thyroiditis may be associated with 
other autoimmune endocrinopathies such as adrenal 
insufficiency, type 1 diabetes mellitus and hypopara- 
thyroidism. Rarely, congenital abnormalities, e.g. thyroid 
dysgenesis or an inborn error of thyroid hormone 
synthesis may become evident in older children and 
adolescents. Iodine deficiency and goitrogens are other 
causes of primary hypothyroidism in older children. 
Secondary hypothyroidism due to combined hypothalamic— 
pituitary defects could be a manifestation of neurological 
insults or tumors. 


Clinical features: Features of acquired hypothyroidism 
are subtle compared to congenital hypothyroidism. Often 
short stature may be the only manifestation. Cold 
intolerance, lethargy, constipation, delay in dentition and 
poor school performance may suggest hypothyroidism. 
All children with unexplained developmental delay, 
mental subnormality and short stature should be 
evaluated for hypothyroidism. Most patients with 
hypothyroidism have delayed puberty; however, 
uncontrolled long-standing hypothyroidism may trigger 
Precocious puberty in girls. Goiter is common 1m iodine 
deficiency, chronic lymphocytic thyroiditis and 
dyshormonogenesis. Hypothyroidism is associated with 
Down syndrome, Turner syndrome, celiac disease and 
type 1 diabetes. Children with these disorders should be 
Periodically screened for hypothyroidism even in the 
absence of symptoms. 


Evaluation: Severe short stature and intellectual disability 
suggest missed congenital hypothyroidism. A firm and 
non-nodular goiter implies iodine deficiency or disorder 
of thyroid hormone synthesis; firm nodular goiter 
indicates autoimmune thyroiditis. Family history of 
acquired hypothyroidism suggests autoimmune 
thyroiditis. Children with central hypothyroidism should 
be evaluated for other pituitary hormone deficiencies 
including MRI of the hypothalamic-pituitary region. 
Antibodies to thyroid peroxidase enzyme (anti-TPO) 
should be estimated in acquired primary hypothyroidism. 


Management: Treatment of acquired hypothyroidism 
should be gradual. A dose of 100 pg/m?*/day is 
recommended (Table 18.9). In long-standing cases, initial 
treatment should be started at 25-50% of these doses with 
gradual build up every 3~4 weeks. Thyroxine should be 
given in empty stomach in the morning. Follow-up should 
be done every three months during the first two years of 
therapy and six monthly thereafter. The doses should be 
modified to maintain TSH levels in the normal range. Most 
children require lifelong therapy. 


Subclinical Hypothyroidism 


Mild elevations of TSH (below 10 mU/L) with normal FT, 
levels are frequently observed in children especially with 
obesity. The clinical relevance of subclinical hypo- 
thyroidism is unclear, In most cases, these findings reverse 
over a period of three to six months and do not require 
treatment. Treatment should be considered in children 
with thyromegaly, presence of anti-TPO antibodies, or 
family history of hypothyroidism. 


Goiter 


Goiter refers to the enlargement of the thyroid gland. From 
a clinical standpoint, thyromegaly is diagnosed when the 
lateral lobe of the thyroid is larger than the terminal 
phalanx of the thumb of the child (Fig. 18.10). 


Etiology Goiter may be associated with diminished, 
normal or increased thyroid function (Table 18.10). 
Thyroid enlargement may represent increase in size in 
response to compensatory TSH secretion (hypothyroidism), 
infiltration (autoimmune thyroiditis, neoplasms 
or hemochromatosis), or presence of TSH receptor 
stimulating antibodies (Graves disease). Important causes 


Table 18.9: Recommended dose schedule of thyroxine 


Age Thyroxine dose, ~g/kg/day 
Neonatal period 10-15 

1-6 months 6-10 

1-5 years 4-6 

5-12 years 3-5 

12-18 years 2-3 

>18 years 1-2 
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Fig. 18.10: Diffuse golter in a child due to dyshormonogenesis 


Table 18.10: Causes of goiter 
inflammatory: Acute suppurative thyroiditis, subacute thyroiditis 
Infiltration: Autoimmune thyroiditis, neoplasm, hemo- 
chromatosis 


Increased TSH levels: Dyshormonogenesis, iodine deficiency, 
unilateral agenesis 

TSH stimulating antibody: Graves disease 

Colloid goiter 


of congenital goiter include maternal antithyroid 
medications, dyshormonogenesis and iodine deficiency. 
Autoimmune thyroiditis is the most common cause in 
older children, followed by iodine deficiency, 
dyshormonogenesis and Graves disease. Differential 
diagnosis includes diffuse nodular goiter, benign 
adenoma, thyroid cyst and occasionally, a carcinoma. 


Evaluation: Goiter is usually classified as diffuse or 
nodular goiter. Either form can be produced by 
autoimmune thyroiditis and colloid goiter. An acutely 
painful thyroid enlargement is usually due to hemorrhage 
or active inflammation, whereas a firm goiter is 
characteristic of chronic lymphocytic thyroiditis. 
Multinodular goiter may be seen in chronic lymphocytic 
thyroiditis, iodine deficiency and colloid goiter. Isolated 
enlargement of one lobe indicates hemiagenesis. Diffuse 
goiter in the newborn may be due to Graves disease, 
dyshormonogenesis or administration of goiterogenic 
drugs. Investigations should include thyroid function 
tests. Anti-TPO antibodies should be measured to identify 
autoimmune thyroiditis. Positive anti-TPO antibodies 
indicate a risk of hypothyroidism, even if the thyroid 
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functions are normal. Ultrasound and fine Need|e 
aspiration should be performed, if no clue to etiology i, 
identified. 


Management: Treatment should be directed to the cause 
(antithyroid medications in Graves disease; thyroxine in 
hypothyroidism). Children with autoimmune thyroiditis 
should be followed with annual thyroid function tests, 
Suppressive thyroxine therapy for euthyroid goiter is of 
limited benefit and is best avoided. Surgery is indicated, 
only if goiter is large enough to cause respiratory 
embarrassment. 


Solitary Thyroid Nodule 


Identification of solitary thyroid nodule in children should 
alert to the possibility of thyroid malignancy (up to 20% 
cases), A well-circumscribed nodule is usually due toa 
benign cyst. Pointers towards malignancy include a firm 
nodule with limited mobility and associated lymph node 
enlargement. Children with solitary thyroid nodule 
should undergo ultrasound-guided fine needle aspiration 
to exclude an underlying malignancy. 


lodine Deficiency Disorders 


The term ‘iodine deficiency disorders (IDD)’ refers to the 
wide-spectrum of effects of iodine deficiency on growth 
and development.’ These include endemic goiter, endemic 
cretinism and impaired mental function in children and 
adults with goiter and increased rates of stillbirth and 
perinatal and infant mortality. Correcting iodine 
deficiency can prevent these conditions. Endemic goiter 
is present when the prevalence of goiter in a defined 
population exceeds 5%. Endemic goiter is graded by the 
method suggested by World Health Organization (WHO) 
(Table 18.11). Screening of estimates of iodine intake are 
usually derived from 24-hour urinary iodine excretion 
values or urinary iodine concentration expressed in 
relation to creatinine concentration as given in Table 18.12. 


Endemic goiter: This does not differ from nontoxic diffuse 
sporadic goiter and the diagnosis is established by 


epidemiologic criteria. Usually, TSH is elevated with low 
T, and T; levels. 


Table 18.11: Estimation of thyroid size by palpation 


Stage 0 No goiter 

Stage 1A Goiter detectable only by palpation and not visible 
even when the neck is fully extended 

Stage 1B Goiter palpable but visible only when the neck 's 
fully extended (this stage also includes nodular 
glands, even if not goitrous) 

Stage2 _—_ Goiter visible when the neck is in normal position: 
palpation not needed for diagnosis 

Stage 3 Very large goiter, which can be recognized at 4 


considerable distance 


— 
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lodine deficiency 

Median urine iodine, ug/L 

Goiter prevalence 

Neonatal thyroid stimulating hormone, >5 mU/L whole blood 
Cretinism 


Table 1 8.12: Classification of severity of iodine deficiency 


None Mild Moderate Severe 
>100 50-99 20-49 <20 
<5% 5-20% 20-30% >30% 
<3% 3-20% 20-40% >40% 
None None Present Present 


Assessment of iodine deficiency disorders and monitoring their elimination: A guide for programme managers. 3rd ed. 2007, WHO 


Endemic cretinism: This is a disorder associated with 
endemic goiter and severe iodine deficiency with 
characteristic clinical features, which include deaf—mutism, 
squint, mental retardation and characteristic spastic or 
rigid neuromotor disorder. Two types of endemic 
cretinism are described. Neurological cretinism is 
characterized by deaf—mutism, squint, proximal spasticity 
and rigidity (more in the lower extremities), disorders of 
stance and gait with preservation of vegetative functions, 
occasional signs of cerebellar or oculomotor disturbance 
and severe mental deficiency. Retarded psychomotor 
development, severe short stature, coarse facial features 
and myxedema without deaf-mutism characterize 
myxedematous cretinism. Iodine deficiency is also 
associated with poor school performance in children and 
recurrent pregnancy loss in women. 


Prevention and control: Iodine deficiency disorders are 
best prevented as treatment is usually ineffective. 
Iodinated salt or iodized oil are highly efficacious in 
preventing iodine deficiency. Treatment of endemic 
cretinism may eliminate signs of hypothyroidism but 
neuromotor and intellectual deficiency are irreversible. 
Surgical removal of large goiters is indicated only to 
relieve airway obstruction or for cosmetic reasons. 

The National Goiter Control Programme of the Ministry 
of Health and Family Welfare in India began in 1962 with 
establishment of salt iodination plants. The program is 
directed towards control of iodine deficiency disorders 
and ensuring that only iodized salt is used in India. The 
recommended daily intake of iodine is 40-120 pg for 
children up to the age of 10, 150 jg for older children and 
adults and an additional 25 pg and 50 pg during 
pregnancy and lactation, respectively. Based on an 
assumption of a mean intake of salt of 5 g/day, the 
recommended level of iodination is one part of iodine in 
25,000 to 50,000 parts of salt. 


Hyperthyroidism 


Hyperthyroidism is relatively uncommon in children. It 
1s most commonly seen in young girls, caused by Graves 
disease (Table 18.13). 


Clinical features: The condition should be suspected in 
children with weight loss with increased appetite, tremors, 
diarrhea, warm extremities, increased sweating and 
anxiety. Inability to concentrate, personality changes, 
Mood instability and poor school performance are 


Table 18.13: Etiology of hyperthyroidism 
Infancy 


Transplacental passage of thyroid antibodies 
TSH receptor activating mutation 


After infancy 
Graves disease (TSH receptor stimulating antibody) 
Release of preformed thyroid hormone: Subacute thyroiditis 
Toxic thyroid nodule, toxic multinodular goiter 
latrogenic 
Pituitary resistance to T, 


common. Examination reveals firm homogeneous goiter. 
Eye signs are relatively uncommon compared to adults 
and are related to sympathetic over-activity (lid lag, 
ophthalmoplegia, absence of wrinkling) or autoimmune 
infiltration (chemosis, proptosis). Tachycardia, cardiac 
arrhythmia and high output cardiac failure may occur. 


Diagnosis: The diagnosis is confirmed by the demonstra- 
tion of elevated serum free T, and T; levels. The presence 
of goiter, infiltrative eye signs and hyperthyroidism are 
suggestive of Graves disease. Absence of goiter should 
raise the possibility of transient hyperthyroidism as part 
of autoimmune thyroiditis. Differentiating thyrotoxicosis 
from thyroiditis is important, as antithyroid drugs are not 
required in children with thyroiditis who may progress 
to hypothyroidism. Diffusely increased radiotracer uptake 
is suggestive of Graves disease while reduced uptake is 
characteristic of thyroiditis. 


Management: Antithyroid drugs are ineffective in the 
acute phase due to lag period in their onset of action. 
Propylthiouracil is contraindicated in children due to 
hepatotoxicity. Treatment should be started with 
methimazole (0.5-1.0 mg/kg/day) in 3-4 divided doses. 
Beta-blockers (propranolol 2 mg/kg/day in two divided 
doses) are effective in ameliorating of sympathetic 
symptoms. Iodinated contrast (idopate 0.001 pg/kg/day) 
and Lugol iodine (5% iodine and 10% potassium iodide; 
126 mg/mL iodine, 1 drop 8 hourly) are effective in 
reversing of features of hyperthyroidism. Prednisolone (1- 
2 mg/kg/day) inhibits peripheral conversion of T, to T, 
and is useful in treatment of hyperthyroid storm. Cardiac 
failure refractory to these measures requires treatment 
with digitalis. 

Surgery and radioiodine ablation should be considered 
in patients with failure of medical management. Patients 
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with large or toxic nodular goiter require partial or total 
thyroidectomy. Radioiodine (84) is now increasingly used 
in the management of childhood Graves disease, 


Neonatal Hyperthyroidism 


One percent of babies born to mothers with Graves disease 
show fetal thyrotoxicosis and cardiac failure. Management 
includes maternal antithyroid drugs and digitalization, 
This usually occurs within the first week of life but may 
be delayed, if mother is on antithyroid medications or has 
concomitant TSH receptor blocking antibody. Treatment 
should include antithyroid drugs, propranolol and 


corticosteroids. The condition is self-limiting and resolves 
over 3-6 months. 
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DISORDERS OF CALCIUM METABOLISM 
Physiology 


Calcium homeostasis involves interaction of gastro- 
intestinal absorption, bone resorption and renal excretion. 
Most (99%) body calcium is stored in the bone and is in 
constant equilibrium with serum calcium. Parathyroid 
hormone (PTH), vitamin D and calcitonin are the key 
regulators of calcium metabolism (see Fig. 6.7). The body 
senses calcium levels using calcium-sensing receptors 
present in the parathyroid gland and kidney. Reduced 
action of the receptor in the presence of low serum calcium 


level increases PTH secretion and inhibits renal calcium 
excretion. 
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PTH Increases serum calclum by stimulating bone 
resorption (osteobliant), caleltrlol production (proximal 
tubule) and renal calelum resorption (distal tubule, 
Calclirlol js the only hormone that regulates intestingy 
calelum absorption. Caleltrlol ls formed by activation of 
vitamin D In the Iver (25-hydroxylation) and kidney (14, 
hydroxylation), Sunlight Is the major source Of vitamin p 
with minor contributlon from dietary sources, 1y, 
hydroxylase enzyme in the kidneys is the rate-limiting step 
of caleltriol synthesis, Calcitonin, secreted by the 
parafollicular cells of thyroid in response to clevated 
calcium levels, lowers serum calcium levels by decreasing 
bone resorption and increasing urinary calcium excretion, 
It has a minor role on calcium homeostasis. 


Hypocalcemla 


llypocalcemia (total calcium <8 mg/dL.) is an important 
metabolic disorder. Estimation of ionic calcium is 
important for confirmation of hypocalcemia (ionic calcium 
<1.1 mmol/L), 


Clinical Features 


In the neonatal period, subtle clinical features like lethargy, 
jitteriness and poor feeding are characteristic of hypo- 
calcemia, Seizures are common and hypocalcemia is the 
commonest biochemical abnormality associated with 
neonatal seizures. 

In the post-neonatal period, the commonest presenta- 
tion is tetany (simultaneous contraction of groups of 
muscles). This is most commonly observed in hands 
(adduction of thumbs along with extension of the pro» imal 
interphalangeal joints and flexion of distal interphalangeal 
joints) and feet (flexion and internal rotation of lower 
limbs) resulting in carpopedal spasm. In milder ©2ses, 
latent tetany can be detected by tests of neuromuscular 
excitability. Tapping the facial nerve at the angle of jaw 
results in contraction of facial muscles (Chvostek -ign). 
Inflating blood pressure cuff above the systolic blood 
pressure for more than 5 minutes triggers spasm of the 
hand muscles (Trousseau sign). Hypocalcemia should be 
considered in children with seizures, dilated cardio- 
myopathy and unexplained stridor, 

The diagnosis is confirmed by the demonstration of 
prolonged QT interval on ECG, as suggested by QoT¢ 
more than 0.2 seconds, where Q,T. = Q.T = JRR 


Q,T = Interval from beginning of Q wave to beginning 
of T wave; RR = RR interval 


Etiology 


Hypocalcemia may be caused by chelation of calcium 
inefficient action of PTH or vitamin D (Table 18.14). 


PTH related: Inefficient PTH action caused by decreased 
production (hypoparathyroidism) or action (pseudohyP” 
parathyroidism) is an important cause of hypocer ic 
High phosphate levels due to impaired phospha 
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| Table 18.14: Etiology of hypocalcemia 
Deficiency of lonic calcium (chelation) 

Phosphate load 

Tumor lysis 

Rhabdomyolyis 

Top feeds 

Total calclum deficiency 


PTH deficiency (hypoparathyroidism) 

Aplasia: DiGeorge syndrome 

Autoimmune: Polyglandular €ndocrinopathy types | and II 
Infiltration: Wilson disease, hemochromatosis, thalassemia 
Transient; Hypomagnesemia, maternal hyperparathyroidism, 
post-surgery 

PTH resistance (pseudohypoparathyroidism) 

Vitamin D deficiency 

Nutritional 

ia-hydroxylase deficiency: Renal failure, VDDR type | 
Calcitriol resistance: VDDR type II 

Increased inactivation: Phenytoin, phenobarbitone 


PTH: Parathyroid hormone; VDDR: Vitamin D-dependent rickets 


action of PTH characterize these disorders. Hypopara- 
thyroidism may occur as part of congenital malformation 
or acquired destruction of the parathyroid glands. 
Autoimmune hypoparathyroidism is the most common 
form in older children and frequently associated with 
autoimmune polyendocrinopathy type 1. 

DiGeorge syndrome characterized by abnormal 
development of third and fourth pharyngeal pouches is 
caused by deletion of part of chromosome 22q. This results 
in maldevelopment of thymus (resulting in T cell 
immunodeficiency), parathyroid glands (resulting in 
hypoparathyroidism), heart (resulting in conotruncal 
defects) and face (abnormal facies). Activating mutation 
of calcium-sensing receptor is associated with low PTH 
and calcium levels with paradoxically increased urinary 
calcium excretion (familial hypercalciuric hypocalcemia). 


Hypomagnesemia is an important cause of transient 
hypoparathyroidism and should be excluded in children 


with refractory hypocalcemia. 


PTH resistance (pseudohypoparathyroidism, PHP): This 
is caused by an inactivating mutation in the gene encoding 
for stimulatory subunit of G protein (Gsa). This presents 
with clinical features of hypoparathyroidism in the wake 
of elevated PTH levels. PHP may be associated with the 
Phenotype of Albright hereditary osteodystrophy such as 
tound facies, brachydactyly, short stature, obesity, short 
fourth and fifth metacarpals (brachymetacarpia), 
osteodystrophy and heterotopic ossification. 


Vitamin D related: Vitamin D deficiency (nutritional, 
malabsorption), decreased 1a-hydroxylase action (renal 
failure, vitamin D-dependent rickets type 1), increased 
inactivation of vitamin D (antiepileptic drugs) and 


calcitriol resistance (vitamin D-dependent rickets type 
II) are associated with hypocalcemia. Phosphate levels 
are low due to secondary hyperparathyroidism. Vitamin 
D deficiency is the most common cause of hypocalcemia 
in children. Rickets may be absent. Maternal vitamin D 
deficiency is common in India and results in reduced 
calcium and vitamin D stores in children. These infants 
develop hypocalcemia during periods of rapid bone 
growth (4-8 weeks of life). Vitamin D-dependent rickets 
presents with early onset severe hypocalcemia and 


rickets. 


Increased chelation: Increased calcium binding results in 
reduction of ionic calcium and features of hypocalcemia. 
This is most commonly related to high phosphate levels 
(renal failure or release of intracellular phosphate due to 
hemolysis, tumor lysis or rhabdomyolysis). Increased 
phosphate levels in cow milk and commercial formula is 
an important cause of neonatal hypocalcemia. Metabolic 
or respiratory alkalosis increases albumin binding of 
calcium resulting in hypocalcemia. 


Evaluction 


Evaluation is directed towards identification of etiology 
and assessment of the severity of illness. 


Clinical: Detailed history of the age of onset, presenting 
features, frequency of episodes of hypocalcemia and 
family history should be obtained. Neonates should be 
screened for prematurity, birth asphyxia, maternal 
hyperparathyroidism and initiation of top feeds. 
Congestive cardiac failure, recurrent infections and 
abnormal facies are suggestive of DiGeorge syndrome. 


Investigations: Initial evaluation should include serum 
phosphate levels, renal and liver function tests and serum 
alkaline phosphatase (Table 18.15 and Fig. 18.11). 
Phosphate regulation is dependent on PTH and inefficient 
PTH action results in hyperphosphatemia. Hypocalcemia 
due to decreased vitamin D action is associated with 
secondary hyperparathyroidism and low phosphate 
levels. Thus hypocalcemia with hyperphosphatemia in the 
absence of phosphate load (exogenous or tissue lysis) and 
normal renal function suggests parathyroid insufficiency. 
Hypomagnesemia should be considered in patients with 
refractory hypocalcemia and normal or low phosphate 
levels. 25-hydroxyvitamin D levels should be measured 
in children with rickets to identify vitamin D deficiency. 


Management 


In children with severe hypocalcemia (ionic calcium 
<0.8 mmol/L), parenteral calcium should be administered 
(2 mL/kg intravenously over 5-10 min) after obtaining 
blood sample for calcium. Calcium gluconate (10%, 9 mg 
calcium per mL) is the preparation of choice. Care should 
be taken to administer the drug slowly (to avoid cardiac 
effects) and avoid extravasation (to prevent skin necrosis). 
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aS ~ Table 18.15: Laboratory features of common causes of hyp 


Disorder Phosphate 
Vitamin D deficiency Low, normal 
Renal failure High 
Hypoparathyroidism High 
Pseudohypoparathyroidism High 
Hypomagnesemia Low, normal 


Serum phosphate 












Low or normal High 









Renal failure — 
Phosphate load 
Hypoparathyroidism 
Pseudohypoparathyroidism 










No rickets 


_ Vitamin D deficiency | 
Vitamin D dependent 
rickets 














ypomagnesemia 


Fig. 18.11: Evaluation of a child with hypocalcemia 


Parenteral calcium should be started at a dose of 80 mg/ 
kg/day and should be gradually tapered over two days. 
The management of nutritional and refractory rickets is 
given in Chapter 8. 


Hypercalicemla 


Hypercalcemia (serum calcium >11 mg/dL) is rare in 
children. Its causes include increased bone resorption 
(hyperparathyroidism, malignancy and immobilization) 
or excessive vitamin D action (iatrogenic excess and 
increased 1a-hydroxylase activity). 


Etiology: Hyperparathyroidism is the commonest cause 
of chronic hypercalcemia in children. Homozygous 
inactivating mutations of the calcium-sensing receptor 
present with severe neonatal hyperparathyroidism and 
hypocalciuria. Parathyroid adenoma is rare before the age 
of 10 years. Rarely, hypercalcemia may be associated with 
other conditions, e.g. Williams syndrome (supravalvular 
aortic stenosis, abnormal facies) or hypophosphatasia 
(inactivating mutation of alkaline phosphatase). Vitamin 
D-related hypercalcemia occurs in children receiving 
parental vitamin D or inadvertently high doses of oral 
vitamin D. Increased 1a-hydroxylase activity may occur 
in patients with granulomatous diseases (tuberculosis, 
sarcoidosis) or fat necrosis. 


Clinical features: They are often nonspecific, including 
muscular weakness, anorexia, nausea, vomiting, constipation, 
polydipsia and polyuria. Ectopic calcification in the kidney, 
basal ganglia and skin are common. Bony deformities and 
pathological fractures may be present. Infants present with 
failure to thrive, poor feeding, hypotonia and seizures. Serum 
total and ionized calcium levels are elevated with low levels 


ocalcemia 


25-hydroxyvitamin D Parathyroid hormone (PTH) 
Low High 
Normal High 
Normal Low 
Normal High 
Normal Low 


of phosphate. Hyperparathyroidism is associated with 
elevated levels of PTH. 


Management: Treatment of acute hypercalcemia involves 
high fluid intake followed by diuresis (furosemide 1 mg/ 
kg). Bisphosphonates and antiresorptive agents are 
indicated, if there is no response to these measures, 
Hemodialysis may be required in refractory cases. Surgical 
exploration is indicated in all cases of hyperpara- 
thyroidism. Short course of glucocorticoids (prednisolone 
2 mg/kg/day for 3 weeks) is indicated in children with 
iatrogenic vitamin D excess or increased 1a-hydroxylase 
action (fat necrosis or sarcoidosis). 


Suggested Reading 


e Davies JH, Shaw NJ. Investigation and management of 
hypercalcaemia in children. Arch Dis Child 2012;97:533-8. 

e Desai MP, Menon PSN, Bhatia V. Pediatric Endocrine Disorders, 
3rd edn. Hyderabad: Universities Press (India) 2014. pp 13954431. 

e Hollick MF. Vitamin D deficiency. New Engl J Med 2007; 357: 266-81. 

* Hollick MF, Binkley NC, Bischoff-Ferrari HA, et al. Evaluation, 
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Society Clinical Practice Guidelines. J Clin Endocrinol Metab 201]; 
96: 1911-30. 

¢ Lee JY, So T, Thackray J. A review on vitamin D deficiency 
treatment in pediatric patients. J Pediatr Pharmacol Ther 
2013;18:277-91. 

* Tiosano D, Hochberg Z. Hypophosphatemia: The common 
denominator of all rickets. J Bone Miner Metab 2009; 27: 292-401. 
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Pediatr Rev 2009;30:190-2. 


DISORDERS OF ADRENAL GLANDS 
Physlology 


Adrenal cortex produces three important groups of 
hormones—glucocorticoids, mineralocorticoids and 
androgens. The process of steroidogenesis involves 
conversion of cholesterol to steroid hormones through 4 
series of enzymatic processes. Cholesterol is transferré 

into the mitochondria in a process mediated by the 
steroidogenic acute regulatory protein (StAR), an ACT H- 
dependent protein. The most clinically relevant step ™ 
steroidogenesis is 21-hydroxylation mediated by hs 
enzyme 21-hydroxylase (P450c21). This step is crucial for 
the production of cortisol and aldosterone (Fig. 18.12): 


Cortisol, the major glucocorticoid hormone has 2" 
important role in intermediary metabolism causing 
increased blood glucose levels and enhanced catabolis 


of proteins and lipids. 
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Fig. 18.12; Pathways of steroid biosynthesis. The key enzymes mediating synthesis of principal sterolds are named according to 
thelr site of actlon and the nomenclature of cytochrome P450 enzymes. StAR steroldogenic acute regulatory protein; 
DOC deoxycorticosterone; DHEA dehydroepiandrosterone, DHEAS DHEA sulfate; DHT dihydrotestosterone. The enzyme nomenclature: CYP11A1: 
P450 side chain cleavage enzyme, P450scc or 20,22-desmolase; HSD3B2, 3B-hydroxysterald dehydrogenase type 2; CYP17A1: 17a-hydroxyiase 
0117,20 lyase; CYP21A2: 21-hydroxylase; CYP11B1: 11 B-hydroxylase; CYP] 1B2: This has 3 actlons—1 1 B-hydroxylase, 18-hydroxylase and 18-oxldase; 
POR: P450 oxidoreductase, CYP19A1; Aromatase, HSD17B: 17B-hydroxysterold dehydrogenase, SRDSA2: Sa-reductase type 2 


Aldosterone acts on distal renal tubules and collecting 
ducts of kidneys to promote sodium and fluid 
reabsorption. Aldosterone deficiency causes urinary salt- 
wasting resulting in salt-wasting crisis (hyponatremia, 
hyperkalemia and metabolic acidosis). 


Adrenal androgens are necessary for the development of 
pubic and axillary hair in girls. 


Adrenocorticotropic hormone (ACTH), a polypeptide 
secreted by the anterior pituitary, is the major regulator 
of glucocorticoid and androgen synthesis. Intravascular 
volume, serum potassium levels and renin-angiotensin 
system are the chief regulators of aldosterone synthesis. 
ACTH has only a minor role in aldosterone regulation. 
ACTH deficiency as in secondary adrenal insufficiency 
is, therefore, not associated with salt-wasting. ACTH 
secretion is stimulated by hypothalamic corticotropin- 
teleasing hormone (CRH) and suppressed by cortisol as 
Part of a feedback loop. 


Adrenocortical Hyperfunction—Cushing Syndrome 


The most common disorder of adrenocortical hyperfunction 
ls Cushing syndrome. The term Cushing disease refers to 


hypercortisolism caused by an ACTH-producing pituitary 
tumor. Classic features of Cushing syndrome such as 
central obesity, striae, moon facies and buffalo hump are 
rare in children (Fig. 18.13). Growth failure and obesity 
are common; other features include hypertension, 
hirsutism, delayed puberty, behavioral problems, bone 
pain and muscle weakness. 


Etiology: Cushing syndrome may be caused by increased 
endogenous production or exogenous administration 
(Table 18.16). Prolonged steroid treatment is the 
commonest cause of childhood Cushing syndrome. 
Increased adrenal glucocorticoid production may be 
related to increased ACTH levels or represent autonomous 
adrenal hyperfunction. Adrenal pathology is more likely 
in young children, while pituitary causes are common 
after puberty. Ectopic ACTH production is rare in 
children. 


Evaluation: Investigations are directed towards 
confirming the diagnosis of Cushing syndrome and 
finding the etiology. Commonly used screening tests 
include assessment of diurnal cortisol rhythm, overnight 
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Note the moon face and hypertrichosis over forehead and 
upper lip 


Table 18.16: Etiology of Cushing syndrome 
ACTH-dependent causes 


Hypothalamic lesions: Increased corticotropin production 
Pituitary lesions: Microadenoma, macroadenoma 
Ectopic lesions: Neuroblastoma, carcinoid tumor, Wilms tumor 
ACTH independent causes 
Adrenal carcinoma, adenoma 
Pigmented nodular hyperplasia 
McCune-Albright syndrome 
Exogenous administration 
Glucocorticoids 
ACTH 
ACTH adrenocorticotropic hormone 


Test 


ssential Pediatrics 


dexamethasone suppression test (cortisol levels af, 
single midnight dose of dexamethasone 0,3 My / ny). 
maximum dose 1 mg) and 24-hour urine free COrtisal 
(Table 18.17). The diagnosis is contirmed with low ogy 
dexamethasone suppression test (serum cortisol afty, 
dexamethasone 5 pg/kg every 6 hours tor KWwo days), 

The most important part of evaluation of dv ehild With 
Cushing syndrome is to differentiate ACTH -dependen, 
causes from autonomous adrenal steroid production 
(Table 18.18). ACTH levels differentiate ACTH. 
independent (ACTH levels <5 pg/ml) from ACTH, 
dependent conditions (ACTH levels >15 py / m1), Ketone 
ACTH production should be suspected in children with 
extremely high ACTH levels (>100 pg/ML). Ligh dase 
dexamethasone suppression test is based on the principly 
that high doses of this agent suppress ACTH production 
in individuals with pituitary lesions but not in those with 
ectopic ACTH production (Fig. 18.14). 

Adrenal tumors in children are usually large and 
identifiable on ultrasound. Magnetic resonance imaging 
of the hypothalamic-pituitary region should be performed 
in children with ACTH-dependent Cushing syndrome, 
Inferior petrosal sinus sampling 1s the test for identilying 
the source of ACTH production and should be performed 


in children with ACTH-dependent Cushing syndrome 
with normal neuroimaging. 


Cr i) 


Managentnt: Resection of adrenal lesion is recommended 
for adrenal adenoma and carcinoma. Prolonged cortisol 
excess causes suppression of the normal contralateral 
adrenal gland. This mandates close monitoring for adrenal 
insufficiency in the perioperative period. Adrenal 
carcinoma is highly malignant and has a high rate of 
recurrence. Pigmented nodular hyperplasia should be 


Table 18.17: Screening tests for Cushing syndrome 


Sensitivity Specificity Cut-off level Comments 
Morning cortisol Low Low >10 pg/dL Not:;ecommended 
Overnight dexamethasone High Low >5 yg/dL Screening test 
suppression test 
Urine free cortisol High High >75 yg/m*/day Screening test" 
Low dose dexamethasone High High >5 yg/dL 
suppression test 


Diagnostic test 


*Diagnostic of Cushing syndrome, if level is greater than 3 to 4 times the normal range 


Table 18.18: Laboratory findings of common causes of Cushing syndrome 


Disorder Urinary free High dose dexamethasone Adrenocorticotropic hormone (ACTH 
cortisol suppression test 
Adrenal lesion 
Pituitary lesion High Not suppressed Low 
Microadenoma High Suppressed High 
Macroadenoma High Not suppressed High 
Ectopic ACTH High Not suppressed High 
Exogenous Low Not suppressed 


Low 
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Urine free cortisol, ONDST 


Positive 


Negative 


gshing syndrome unlikely 







<5 pmol/L 5—10 pmol/L 


> 10 pmol/L 








Negative 


Adrenal lesion 
HRCT adrenal 


MRI head 


Negative 


Fig. 18.14: Approach to Cushing syndrome in children. ACTH 
adrenocorticotropic hormone; CRH corticotropin-releasing 
hormone; HRCT high resolution computed tomography scan; 
IPSS inferlor petrosal sinus sampling; LDDST low dose 
dexamethasone stimulation test; ONDST overnight dexa- 
methasone stimulation test 


treated with bilateral adrenalectomy. Trans-sphenoidal 
resection of pituitary adenoma is recommended for 
Cushing disease. 


Medical management of Cushing syndrome with 
inhibitors of steroidogenesis (ketoconazole, aminoglute- 
thimide, cyproheptadine, metyrapone and mitotane) has 
been tried with variable results. 


Aldosterone Excess 


Hyperaldosteronism is associated with fluid and sodium 
retention along with increased urinary loss of potassium. 
The chief clinical features of primary hyperaldosteronism 
are hypertension and hypokalemic alkalosis. Primary 
hyperaldosteronism due to increased adrenal aldosterone 
production is extremely rare. Secondary hyperaldo- 
steronism results from factors that activate the renin- 
angiotensin system. 


Etiology: Primary hyperaldosteronism may be caused by 
diffuse hyperplasia or adenoma. Glucocorticoid- 
temediable aldosteronism (GRA), a genetic disorder 
involving chimeric fusion of CYP11B1 promoter and the 
coding region of CYP11B2, results in regulation of 
aldosterone secretion by ACTH and thereby, hyperaldo- 
Steronism. Primary hyperaldosteronism should be 
differentiated from secondary hyperaldosteronism (renal 
allure, congestive cardiac failure, liver disease and 
Nephrotic syndrome, and apparent and real mineralo- 
“orticoid excess (Table 18.19). 


~ * “Table 18:19: Etiology of hyperaldosteronism 
Primary hyperaldosteronism 


Adenoma, hyperplasia 
Glucocorticoid remediable hyperaldosteronism 


Secondary hyperaldosteronism 


Renal artery stenosis, renin-secreting tumor 
Cardiac failure, nephrotic syndrome, liver disease 


Other causes of excessive mineralocorticoid action 


Apparent mineralocorticoid excess (deficiency of 11B- 
hydroxysteroid dehydrogenase) 

Liddle syndrome 

Congenital adrenal hyperplasia due to deficiency of 17a- 
hydroxylase or 11B-hydroxylase 


Evaluation: Hypokalemic alkalosis in a child with low 
renin hypertension should prompt evaluation for true or 
apparent aldosterone excess. High aldosterone level in this 
setting is suggestive of primary hyperaldosteronism or 
CRA. Decrease in aldosterone levels and resolution of 
clinical and laboratory features after dexamethasone 
suppression suggests GRA; no effect is seen in primary 
hyperaldosteronism. Diagnosis of primary hyper- 
aldosteronism should be confirmed by adrenal imaging. 


Management: Hyperaldosteronism should be managed 
with salt restriction and aldosterone antagonist 
(spironolactone, eplerenone). Physiological hydrocortisone 
replacement suppresses ACTH secretion in glucocorticoid 
remediable aldosteronism resulting in resolution of 
hyperaldosteronism and hypertension. Surgery is the 
treatment of choice for adrenal adenoma. 


Pheochromocytoma 


Pheochromocytoma is a catecholamine-secreting tumor, 
arising from chromaffin cells of adrenal medulla. It can 
also arise from the abdominal sympathetic chain, peri- 
adrenal area, or in the thoracic cavity. The condition is 
rare in children and coexists with other syndromes such 
as neurofibromatosis, von Hippel-Lindau disease and 
multiple endocrine neoplasia type II. Compared to adults, 
pheochromocytoma is more likely to be bilateral and 
associated with underlying genetic anomaly in children. 


Clinical features: Excessive secretion of catecholamines 
results in hypertension, which is usually sustained and 
often paroxysmal. The clinical symptoms include 
headache, palpitation, pallor, sweating, nausea, vomiting, 
visual disturbances and occasionally convulsions. 


Evaluation: The diagnosis should be considered only after 
other common causes of childhood hypertension such as 
renal parenchymal disorders, renal artery stenosis and 
coarctation of aorta have been excluded. Diagnosis is 
established by demonstration of increased urinary 
excretion of catecholamines and their derivatives. 
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Ultrasound, CT scan, MRI scan and I metaiodo- 
benzylguanidine (MIBG) scintigraphy are used for 
localization. Often the tumors are multiple. 


Management: Surgery is the treatment of choice. 
Transabdominal exploration of all the sites with removal 
of tumors is advocated. Preoperative alpha blockade is 
needed using phenoxybenzamine and prazosin. Recently, 
calcium channel blocking agents have been used 
successfully. 


Adrenal Insufficlency 


Adrenal insufficiency may be related to adrenal defects 
(primary adrenal insufficiency; autoimmune destruction, 
infection, steroidogenic defect, hemorrhage), decreased 


ACTH production (secondary adrenal insufficiency) or 
ACTH resistance. 


Etiology: Autoimmune adrenal dysfunction is the 
commonest cause of primary adrenal failure (Addison 
disease) beyond infancy. Autoimmune adrenal failure is 
often associated with autoimmune polyendocrinopathy 
type 1 and 2. Infections due to tuberculosis and human 
immunodeficiency virus (HIV) are known to result in 
primary adrenal failure. Adrenal hemorrhage in the 
setting of meningococcal and other bacterial infections 
(Waterhouse-Friderichsen syndrome) is an important 
cause of adrenal insufficiency. Congenital adrenal 
hyperplasia (CAH) due to deficiency of 21-hydroxylase 
or 3B-hydroxysteroid dehydrogenase and deficient 
steroidogenesis due to defective steroidogenic acute 
regulatory protein (StAR; causing lipoid CAH) are the 
chief causes in the neonatal period. 

Secondary adrenal insufficiency is caused by congenital 
malformations (holoprosencephaly, midline defects), 
genetic defects or acquired insults (neurosurgery, tumor, 
radiation). This is usually associated with other anterior 
pituitary hormone deficiencies as well. In secondary 
adrenal insufficiency, mineralocorticoid function is 
preserved, as ACTH does not regulate aldosterone 
secretion. Thus, salt-wasting is not observed. Prolonged 
steroid treatment is associated with suppression of the 
hypothalamic-pituitary axis resulting in adrenal 
insufficiency after discontinuation of medications. Again, 
mineralocorticoid activity is preserved in these patients. 


Clinical features: Adrenal insufficiency presents with 
slowly progressive lethargy, vomiting, salt craving, 
fatigue, postural hypotension, hypoglycemia and episodes 
of shock during severe illness. The concomitant presence 
of shock, hyponatremia, hyperkalemia and hemoconcen- 
tration is characteristic of acute adrenal insufficiency and 
warrants immediate steroid replacement. Primary adrenal 
insufficiency is characterized by hyperpigmentation due 
to elevated levels of melanocyte-stimulating hormone. 
Fyperpigmentation is present in sun-exposed areas such 
as elbows and palmar creases and areas that are normally 
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hyperpigmented such as areola and genitalia. Pigments, 
tion is absent in children with secondary adrena| 


insufficiency. 


Evaluation: All patients suspected to have adrena| 
insufficiency should undergo urgent testing for serum, 
electrolytes and blood sugar. Basal levels of cortisol are 
low but can be in the normal range. Elevated plasma renjy, 
activity indicates mineralocorticoid deficiency. ACTH 
stimulation test (cortisol estimation 60 minutes afte, 
0.25 mg of intramuscular or intravenous ACTH injection) 
is the best test for adrenocortical reserve. Serum cortiso] 
levels lower than 18 pg/dL are suggestive of adrenal] 
insufficiency. 

The next step in evaluation of adrenal insufficiency is 
estimation of ACTH levels. Elevated ACTH levels suggest 
primary adrenal pathology while low levels points 
towards pituitary defect. Further evaluation of primary 
adrenal insufficiency includes abdominal CT scan and 
workup for tuberculosis. 


Management: The initial management of salt-wasting 
crisis includes correction of shock by fluid boluses. Hydro- 
cortisone is given immediately at a dose of 50 mg/m’, 
followed by 100 mg/m?/day in four divided doses. 
Frequent monitoring of hemodynamic parameters, urine 
output and serum electrolytes are required. Once the child 
is hemodynamically stable, hydrocortisone is tapered to 
the physiological dose (10 mg/m?/day). Fludrocortisone 
acetate (0.1 mg/day) is added once hydrocortisone dose 
is <50 mg/m?/day. 

Long-term management of adrenal insufficiency 
requires lifelong replacement of glucocorticoids and 
mineralocorticoids. Parents should be educated about the 
need for increasing dose during periods of stress. The dose 
of glucocorticoid should be increased 2-3 times in 
conditions of minor stress (fever and mild infection) and 
4-5 times in severe stress (severe infection or surgery). 
These doses should continue throughout the pericd of 
Stress. Patients with secondary adrenal insufficiency 
require lower dose of glucocorticoids (6-10 mg/m’ /day); 
mineralocorticoid replacement is not necessa ry. 


Congenital Adrenal Hyperplasia 


Congenital adrenal hyperplasia (CAH), a group of 
autosomal recessive defects in steroid synthesis, !§ 
characterized by deficiency of adrenocortical hormone 
on one hand and excess of steroid precursors on the other 
(Fig. 18.12). CAH is the commonest adrenal disorder 1 
childhood. 


21-hydroxylase Deficiency 


21-hydroxylase deficiency is the commonest form of CAP 
accounting for over 90% of all cases. This disorder 
associated with diminished synthesis of the cortisol an 
aldosterone. Low cortisol levels stimulate A 
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thesis. Elevated ACTH level causes accumulation of 
steroid precursors (e.¢. dehydroepiandrosterone, 
androstenedione and 17-hydroxyprogesterone). Depending 
on the severity of enzyme deficiency, the disease forms a 
spectrum of presentation as highlighted below. 


Salt-wasting form: These patients are the most severely 
affected and present in the neonatal period with 
yirilization and salt-wasting. Abnormal genital appearance 
should prompt the diagnosis in girls. Diagnosis is often 
missed in boys as they lack specific clinical features. They 
present after second week of life with failure to thrive, 
polyuria, hyperpigmentation and shock. Early diagnosis 
js mandatory to prevent mortality. 21-hydroxylase 
deficiency should be suspected in neonates with 
ambiguous genitalia, polyuria, shock, recurrent vomiting 
and features of sepsis with negative septic screen. The 
diagnosis is confirmed by measurement of blood levels 
of 17-hydroxyprogesterone (17-OHP). If these tests are not 
available, the child should be managed empirically in the 
lines of adrenal insufficiency. 


Simple virilizing form: A subset of patients with 21- 
hydroxylase deficiency (25%) synthesizes enough 
aldosterone to prevent adrenal crisis. These patients have 
features of androgen excess in the form of virilization in 
girls and peripheral precocious puberty in boys (Fig. 18.15). 


Non-classic form: This disorder is associated with partial 
21-hydroxylase deficiency. Clinical manifestations are 
related to mild hyperandrogenism that presents with 
hirsutism, acne and menstrual irregularity in adolescents. 


Diagnosis: Diagnosis of the salt-wasting form is 
established by demonstration of extreme elevation of 17- 
OHP levels (10000-20000 ng/dL, normal <90 ng/dL) in 
presence of clinical and laboratory features of adrenal 
insufficiency. 17-OHP levels are elevated toa lesser extent 


Fig. 18.15: Congenital adrenal hyperplasia secondary to 21- 
hydroxylase deficiency. Note the clitoral hypertrophy, 
YPerpigmentation and increased rugosity of the labial folds 
GWVing q male appearance to the female genitalia 





“Table 18.20: Comparison of commonly used steroid preparations 


j Potency (compared Biological 
Preparation 
ta hydrocortisone) half-life 
Gluco- Mineralo- Growth 
corticoid corticoid inhibitory 
Hydrocortisone 1 1 1 6 hours 
Cortisone 0.8 1.25 1.25 5 hours 
Prednisolone 4 0.25 8 8 hours 
Dexamethasone 20 0 40 12 hours 
Fludrocortisone 0.1 100 0.1 12 hours 


in those with simple virilizing and non-classic forms. The 
best method of diagnosing these patients is the estimation 
of 17-OHP levels before and 60 minutes after an 
intramuscular injection of ACTH (0.25 mg). 


Management: These patients require lifelong steroid 
replacement therapy. Patients with salt-wasting and 
virilizing forms are treated with hydrocortisone (10-15 
mg/m?*/day) and fludrocortisone (0.1 mg/day). After 
completion of growth and pubertal development, 
synthetic glucocorticoid preparations (dexamethasone, 
prednisolone) can be used (Table 18.20). 


Other Varlants 


Enzyme deficiencies other than 21-hydroxylase deficiency 
account for less than 10% of cases of CAH (Table 18.21). 
Patients with 11-hydroxylase deficiency and 17- 
hydroxylase deficiency present with hypertension and are 
managed with hydrocortisone alone. Deficiencies of StAR 
and 3-hydroxysteroid dehydrogenase manifest as salt- 
wasting crisis and require therapy with mineralocorticoid. 
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synthesis. Elevated ACTH level causes accumulation of 
steroid precursors (e.g, dehydroepiandrosterone, 
androstenedione and 17-hydroxyprogesterone). Depending 
on the severity of enzyme deficiency, the disease forms a 
spectrum of presentation as highlighted below. 


salt-wasting form: These patients are the most severely 
affected and present in the neonatal period with 
virilization and salt-wasting. Abnormal genital appearance 
should prompt the diagnosis in girls. Diagnosis is often 
missed in boys as they lack specific clinical features. They 
present after second week of life with failure to thrive, 
polyuria, hyperpigmentation and shock. Early diagnosis 
is mandatory to prevent mortality. 21-hydroxylase 
deficiency should be suspected in neonates with 
ambiguous genitalia, polyuria, shock, recurrent vomiting 
and features of sepsis with negative septic screen. The 
diagnosis is confirmed by measurement of blood levels 
of 17-hydroxyprogesterone (17-OHP). If these tests are not 
available, the child should be managed empirically in the 
lines of adrenal insufficiency. 


Simple virilizing form: A subset of patients with 21- 
hydroxylase deficiency (25%) synthesizes enough 
aldosterone to prevent adrenal crisis. These patients have 
features of androgen excess in the form of virilization in 
girls and peripheral precocious puberty in boys (Fig. 18.15). 


Non-classic form: This disorder is associated with partial 
21-hydroxylase deficiency. Clinical manifestations are 
related to mild hyperandrogenism that presents with 
hirsutism, acne and menstrual irregularity in adolescents. 


Diagnosis: Diagnosis of the salt-wasting form is 
established by demonstration of extreme elevation of 17- 
OHP levels (10000-20000 ng/dL, normal <90 ng/dL) in 
presence of clinical and laboratory features of adrenal 
insufficiency. 17-OHP levels are elevated to a lesser extent 
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Table 18.20: Comparison of commonly used steroid preparations 


Preparation Potency (compared Biological 
to hydrocortisone) half-life 

Gluco- Mineralo- Growth 

corticoid corticoid inhibitory 
Hydrocortisone 1 1 1 6 hours 
Cortisone 0.8 1.25 1.25 5 hours 
Prednisolone 4 0.25 8 8 hours 
Dexamethasone 20 0 40 12 hours 
Fludrocortisone 0.1 100 0.1 12 hours 


in those with simple virilizing and non-classic forms. The 
best method of diagnosing these patients is the estimation 
of 17-OHP levels before and 60 minutes after an 
intramuscular injection of ACTH (0.25 mg). 


Management: These patients require lifelong steroid 
replacement therapy. Patients with salt-wasting and 
virilizing forms are treated with hydrocortisone (10-15 
mg/m?/day) and fludrocortisone (0.1 mg/day). After 
completion of growth and pubertal development, 
synthetic glucocorticoid preparations (dexamethasone, 
prednisolone) can be used (Table 18.20). 


Other Varlants 


Enzyme deficiencies other than 21-hydroxylase deficiency 
account for less than 10% of cases of CAH (Table 18.21). 
Patients with 11-hydroxylase deficiency and 17- 
hydroxylase deficiency present with hypertension and are 
managed with hydrocortisone alone. Deficiencies of StAR 
and 3-hydroxysteroid dehydrogenase manifest as salt- 
wasting crisis and require therapy with mineralocorticoid. 
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~ “Fable 18.21: Comparison of common variants of congenital adrenal hyperplasia 






= _——— _ 


Treatment 


Enzymes Androgen Blood pressure Clinical presentation Labora sory 
;' B Girls diagnosis 
deficient levels oys 
21-hydroxylase a ; 7 . 
Salt-wasting High Low Precocious Ambiguity of 17-OHP Hydrocortisone | 
puberty genitalia Fludrocortisone | 
Simple virilizing High Normal Precocious Ambiguity of 17-OHP Hydrocortisone | 
puberty genitalia =e siuvieioaal | 
irsutism 17-OHP* ydrocortisone | 
Non-classic High Normal Normal Hirs ridrodbiiieors | 
11B-hydroxylase High High/NormalS = Precocious Ambiguity of DOC Hydrocortisone 
itali Spironolactone 
puberty genitalia ae 
3B-hydroxysteroid Variable* Low Ambiguity of | Ambiguity of AGTH - yerocorisone 
dehydrogenase genitalia genitalia stimulation Fludrocortisone 
test** 
17a-hydroxylase/ Low High Ambiguity of Delayed puberty DOC RYaroconisoie 
17-lyase genitalia Fludrocortisone 
StAR Low Low Ambiguity of Delayed puberty Low17-OHP = Hydrocortisone 
genitalia Fludrocortisone 


DOC: Deoxycorticosterone; StAR: Steroidogenic acute regulatory protein; 17-OHP: 17-hydroxyprogesterone 


* Basal and ACTH stimulated 


$ BP Is high due to mineralocorticoid effect of DOC; however, BP may be normal 


# Due to peripheral conversion of dehydroepiandrosterone (DHEA) 


** Ratio of pregnenolone, progesterone, 17-hydroxypregnenolone to 17-OHP and DHEA to androstenedione following ACTH stimulation test 


OBESITY 


The incidence of childhood obesity has increased rapidly 
in the last decade. The prevalence of overweight and/or 
obesity in Indian children is around 20% posing significant 
risk of lifestyle diseases in future. 


Criferla for Diagnosis of Obesity 


Obesity implies excessive fat and not merely excess weight. 
As methods of measuring body fat are cumbersome and 
expensive, several clinical and anthropometric parameters 
are used as markers of obesity. 


Body mass index: Body mass index (BMI) is the most widely 

used parameter to define obesity. It takes into account 

weight as well as the height. It is calculated by the formula: 
BMI = Weight (kg) + height (m?) 

Children with BMI more than 85th percentile for age 
are considered overweight while those with more than 
95th percentile for age are obese. BMI is a good indicator 
of body fat but is unreliable in short muscular individuals. 
BMI greater than 99th percentile (120% of 95th percentile) 
implicate severe obesity. The cutoffs for obesity should 
take into consideration the local population. As the aim 
of assessing BMI is to identify individuals at risk for 
metabolic complications, lower BMI cutoffs have been 
recommended for Indian adults (23 kg/m? for overweight 
and 27 kg/m? for obesity). Thus the use of CDC charts 
would underestimate the problem of obesity in Indian 


children and JAP 2015 growth charts should preferably 
be used for defining obesity. 


Weight for height: This compares the child's weight to the 
expected weight for his/her height and is useful in 
children below 2 years of age (see Chapter 2). Weight for 
height more than 120% is diagnosed as obesity. 


Skinfold thickness: Skinfold thickness measured over the 
subscapular, triceps or biceps regions is an indicator for 
subcutaneous fat. Age specific percentile cut-offs should 


be used with values more than 85th percentile being 
abnormal. 


Waist circumference and waist hip ratio: Waist 
circumference is measured at the minimum circumference 
between the iliac crest and the rib cage. Hip circumference 
is measured at the maximum protuberance of the buttocks, 
and the waist hip ratio (WHR) may be calculated from 
these values. Waist circumference itself is a satisiactory 
marker of abdominal adiposity, a risk factor for metabolic 
and cardiovascular effects of obesity. Waist circumference 
greater than 75% is a risk factor for metabolic 
complications. WHR is probably a more refined method 


but is not age-independent; norms for Indian children aré 
not available. 


Etiology 


In most children with obesity, environmental and the 
hereditary factors play the major role. Underlying etiology 
is identified ina few cases (<1%). The causes of childhoo 
obesity are classified in Table 18.22. 


‘ ; t 
Constitutional obesity: Most children with obesity 4° na 
have an organic cause. This is caused by imbalance 
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Table 18.22: Etiology of obesity 
constitutional 


Environmental factors (95%, cases) 
pathological 


Endocrine: Cushing syndrome, deficiency of growth hormone, 
hypothyroidism, pseudohypoparathyroidism 

Hypothalamic: Head injury, 
after neurosurgery 

Drugs: Antiepileptic drugs, steroids, estrogen 

Genetic syndromes: Prader-Willi, Laurence-Moon-Bardet- 
Biedl, Beckwith-Wiedemann, Carpenter syndromes 
Monogenic disorders: Leptin deficiency, or resistance, 
abnormalities of melanocortin-4 receptor and proconvertase 


infection, brain tumor, radiation, 


energy intake and expenditure. These children are tall for 
age, a factor that differentiates them from pathological 
obesity. They have proportional obesity and normal 
development. It is important to identify this subgroup of 
children to avoid unnecessary investigations. 


Endocrine causes: Growth failure, developmental delay 
and dysmorphism in an obese child denote an endocrine 
etiology. Cushing syndrome is characterized by central 
obesity, hypertension, and striae with retarded skeletal 
maturation. Hypothyroidism is an extremely rare cause 
of isolated obesity and other features such as develop- 
mental delay and coarse skin are always present. In GH 
deficiency and pseudohypoparathyroidism, growth 
retardation and hypocalcemia are dominant clinical 
features and obesity is a less prominent sign. 


Genetic syndromes: Several genetic syndromes have 
obesity as their major clinical feature. Many of these 
syndromes are associated with hypogonadism or 
hypotonia (Prader-Willi, Carpenter and Laurence-Moon- 
Bardet-Bied] syndromes). 


Hypothalamic obesity: CNS insults due to surgery, 
radiation, tumors and trauma result in rapid onset obesity. 
These disorders are associated with excessive appetite, 
Signs and symptoms of CNS involvement and other 
hypothalamic-pituitary defects. 


Monogenic obesity: Monogenic obesity represents a very 
small proportion of children with obesity. They are more 
likely when the obesity is morbid, has an early onset of 
obesity and strong family history. Leptin deficiency was 
the first monogenic cause of obesity identified. Inefficient 
leptin action (deficiency or resistance) results in 
uncontrolled appetite and obesity. Abnormalities in 
Mineralocorticoid receptor and proconvertase are 
associated with obesity. Melanocortin-4 receptor (MC4- 
R) defects are the commonest monogenic form of obesity 
and are associated with growth acceleration. 


Drugs: Commonly used drugs associated with obesity 
Include corticosteroids, antipsychotics (olanzapine, 


risperidone), antidepressants (paroxetine) and anti- 
epileptics (valproic acid, lamotrigine). 


Evaluation 


Initial evaluation is guided to differentiate constitutional 
from pathological obesity (Table 18.23). Normal growth, 
generalized pattern and lack of developmental delay or 
dysmorphism imply constitutional obesity, which does 
not need extensive investigations. 


History: Family history of obesity and its complications 
should be recorded. Detailed history of physical activity, 
dietary recall and periods of inactivity should be assessed. 
Increased appetite ina child with recent onset obesity may 
indicate the possibility of a hypothalamic lesion. Features 
of raised intracranial tension along with history of 
neurologic infection, head trauma or neurosurgery 
suggest the prospect of an underlying neurologic cause 
for obesity. Intake of drugs linked with development of 
obesity such as steroids and antiepileptics should be 
probed. 


Examination: Look for features of endocrinopathies, 
dysmorphic syndromes and complications such as 
hypertension and acanthosis nigricans (Fig. 18.16). Special 
emphasis should be given to sexual maturity and ocular 
examination. Hypogonadism is an important feature of 
obese children with Laurence-Moon-Bardet-Bied! and 
Prader-Willi syndromes (Figs 18.17, 18.18 and Tables 18.24, 
18.25). Parents of obese girls are often concerned about 


Table 18.23: Differentiating features of constitutional and 
pathological obesity 


Feature Constitutional Pathological 
Pattern Generalized Central 

Growth rate Accelerated Retarded 
Skeletal maturation Advanced Retarded 
Dysmorphic features Absent May be present 
Endocrine features Absent May be present 





EE 


Fig. 18.16: Acanthosis nigricans on the back of neck in a gil 
with obesity 
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Fig. 18.17: Laurence-Moon-Bardet-Biedl syndrome. Note the 
central obesity and hypoplastic genitalia 





Fig. 18.18: Laurence-Moon-Bardet-Bledl syndrome. Note the 
polydactyly 


"Table 18.24: Clues to the diagnosis to obesity 


Disorder Features 


Delayed puberty Laurence-Moon-Bardet-Biedl 
syndrome, Prader-Willi syndrome 


Alstrom syndrome, Laurence- 
Moon-Bardet-Biedl syndrome 


Prader-Willi syndrome 
Cushing syndrome 


Pseudohypoparathyroidism, 
Turner syndrome 

Prader-Willi syndrome, hypo- 
thyroidism, pseudohypopara- 
thyroidism 


Retinitis pigmentosa, 
polydactyly 

Short hand and feet 
Buffalo hump and striae 
Short fourth metacarpals 


Developmental delay 
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Table 18.25: Features of common causes of obesity 
Features 


Infantile hypotonia, hyperphagia, 
almond-shaped eyes, acromicria, 
hypogonadism and behaviora| 
abnormalities 

Hypogonadism, retinitis pigmen- 
tosa, polydactyly, renal abnor- 
malities and intellectual disability 


Macrosomia at birth, organo- 
megaly, ear lobe creases, macro- 
glossia, abdominal wall defects 
and hemihypertrophy 


Hirsutism, central obesity, growth 
retardation, striae, buffalo hump, 
hypertension and myopathy 
Growth retardation, coarse 
facies, developmental delay 


Tetany, round facies, short 
fourth metacarpal, cutaneous 
calcifications 


Disorder 
Prader-Willi syndrome 


Laurence-Moon-Bardet- 
Bied| syndrome 


Beckwith-Wiedemann 
syndrome 


Cushing syndrome 


Hypothyroidism 


Pseudohypoparathyroidism 


premature thelarche. While this may reflect central 
isosexual precocious puberty caused by obesity, it is most 
likely due to increased fat. These conditions are 
distinguished by approximating the thumb and index 
finger around the nipple. Lack of resistance during this 
procedure indicates lipomastia while breast nodule can 
be felt as an area of resistance. Obese boys frequently 
present with concerns of small penile size. This is usually 
due to penis being buried in the suprapubic pad. Stretched 
penile length should be measured after pressing the 
suprapubic pad of fat to ascertain the actual size of penis. 


Investigations: No workup is required in children with 
normal growth, facies, development and pubertal 
development. Thyroid profile and evaluation for Cushing 
syndrome should be done in the presence of growth failure 
and/or characteristic clinical features. The effects of 
obesity on endocrine functions should be considered while 
when interpreting laboratory reports. Mildly elevated TSH 
levels with normal FT, are common in obese children. This 
is not the cause of obesity and should not be treated unless 
TSH is persistently elevated. Cortisol levels may be mildly 
elevated in obese children and should not be mistakenly 
diagnosed as Cushing syndrome. Genetic testing fot 
Prader-Willi syndrome should be done in the presence of 
facial features, history of infantile hypotonia and growth 
failure. Monogenic causes of obesity should be consid ered 
only in the presence of clinical features or pointers f° 
diagnosis. 


Complications 
Childhood obesity is associated with significant 
complications (Table 18.26). 
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Table 18.25- Complications of obesity | 

Caegay Complications 

Wetaboic Insulin resistance. type 2 diabetes, metabolic 
Syndrome, hyperandrogenism 

apse ara Rypertension, dyslipidemia, atherosclerosis 

Gessormesimnal = Non-alcoholic fatty liver disease, gall- 
stones, gastroesophageal reflux 

Scoictal Blount'’s disease, slipped capital femoral 
epiphysis, fractures 

Respiratory Obstructive Sleep apnea, hypoventilation 
syndrome 

Neurological Benign intracranial hypertension 


Endocrine system: Endocrine complications are the most 
important adverse effects of childhood obesity. Central 
to this is the development of insulin resistance caused by 
overspill of fat and its deposition in liver and skeletal 
muscle. Insulin resistance predisposes to development of 
type 2 diabetes, polycystic ovarian disease, metabolic 
syndrome and non-alcoholic fatty liver disease. Hyper- 
androgenism is a common feature in obese girls. Obesity 
has also been associated with accelerated growth, skeletal 
maturation and early puberty in girls. 


Cardiovascular system: Obese children have a higher pre- 
valence of dyslipidemia, hypertension and atherosclerosis. 
Importantly hypertension may be masked, requiring 
repeat blood pressure measurements. Childhood obesity 
is associated with increased risk of adult coronary disease. 


Central nercous system: Benign intracranial hypertension 
is common in children with obesity and presents with 
headache and vomiting. 


Orthopedics: Obese children have a higher risk of flat foot, 
Blount disease (tibia vara), fractures, genu valgum and 
osteoarthritis. The most debilitating complication is 
slipped capital femoral epiphysis. This presents with dull 
aching pain in knee, hip or groin with abnormal gait. 
Blount disease presents with progressive bowing of legs 
and knee pain. X-ray of knee and hip should be done in 
obese children with recurrent pain in hip or knee or 
abnormal gait. 


Investigation Normal 
Blood glucose (fasting) <100 mg/dL 
Blood glucose (2 hours after glucose) <140 mg/dL 
Total cholesterol <170 mg/dL 
LDL-cholesterol <110 mg/dL 
Triglyceride <90 mg/dL 
HDL-cholesterol >45 mg/dL 
Serum aspartate aminotransferase <40 IU/L 


(AST or SGOT) 


Respiratory system: Obese children are at risk of 
respiratory distress and bronchial asthma. Obesity 
predisposes to the development of obstructive sleep apnea 
and hypoventilation syndrome. 


Gastrointestinal system: Obesity is associated with 
gastroesophageal reflux disease and non-alcoholic fatty 
liver disease. Fatty liver is present in 40% of children with 
obesity but elevated serum transaminases occur only in 
25% of these children. Gallstones are noted in 2% children 
with obesity. Rapid weight fluctuations are associated 
with the gallstone disease. Gallstone should be suspected 
in an obese child with recurrent abdominal pain, jaundice, 
nausea and intolerance to fatty foods. 


Psychological issues: Obesity is associated with increased 
prevalence of mood disorders. This represents intrinsic 
effects of obesity and psychological effects of bullying. 


Assessment of Complications 


The high incidence of complications in obese children calls 
for regular follow-up screening. Investigations should 
include a baseline oral glucose tolerance test using blood 
sugar levels fasting and 2 hours after 1.75 g/kg glucose 
(maximum 75 g), lipid profile and liver function tests. Age 
appropriate cutoffs should be used for these investigations 
(Table 18.27). These tests should be repeated every 3 years, 
if normal. Fasting insulin has limited role and is not 
routinely required. Mildly elevated liver transaminases 
are common in obese children; persistent elevation beyond 
twice the upper limit indicates non-alcoholic steato- 
hepatitis. Children with elevated transaminases should 
undergo ultrasound abdomen and work-up for other 
causes of hepatic dysfunction (hepatitis B and C, Wilson 
disease and autoimmune hepatitis), Sleep studies may be 
required in the presence of snoring, daytime somnolence 
or lethargy. 


Management 


Management of childhood obesity is challenging with 
major impetus on lifestyle measures (Fig. 18.19). Specific 
management Is available for only a few situations. Diet, 
activity and behavioral measures are the cornerstone of 


Table 18.27: Pediatric cutoffs for investigations for assessment of obesity complications 


Borderline Abnormal 
100-125 mg/dL >126 mg/dL 
140-199 mg/dL >200 mg/dL 
170-199 mg/dL >200 mg/dL 
110-129 mg/dL >130 mg/dL 
90-129 mg/dL >139 mg/dL 
40-45 mg/dL <40 mg/dL 
40-80 IU/L >80 IU/L 
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Body mass index 





2-3.5 SDS >3.5 SDS 
Assess for complications 
None 
Complications or 
Insulin resistance 
~ Lifestyle modification Lifestyle modification/ 





Add metformin/ 


Diet, physical activity 
statin, if indicated 







No improvement 






No improvement 


eme More intensive diet 
New complications 


control/metformin/orlistat. 
Surgery, if indicated. 






Fig. 18.19: Approach to management of obesity. SDS standard 
deviation score 


therapy; measures such as drug therapy and surgery are 
reserved for morbid cases. 

The management of obesity is a challenge, requiring 
multidisciplinary approach involving physicians, 
nutritionists and physical trainers. The goal is to bring 
BMI within the normal range for age and gender. Excessive 
and rapid weight loss adversely affects the growth of the 
child and should be avoided. In most children, weight 
stabilization is the initial aim; weight loss should not 
exceed 1 kg per month. The child and parents are 
counseled that there is no quick fix solution for obesity. 
The focus is on changing the lifestyle of the child without 
recourse to drugs and surgery. 


Lifestie Measures 


The cornerstone to management is lifestyle measures. The 
whole family is encouraged to follow a healthy lifestyle 
as a unit; focusing on the child alone is often 
counterproductive. 


Nutritional therapy: The child should be advised to stick 
to regular meals. Skipping breakfast and snacking in 
between meals should be discouraged. The caloric intake 
should be reduced by 20%. Overzealous restriction and 
fad diets are not recommended. Food pyramid and 'traffic 
light’ approach for diet may be used to highlight healthy 
eating pattern. Special emphasis is laid on fixed portion 
size, decreased junk food consumption, avoiding 
television viewing while eating, and increased fruit 
consumption. 


Physical activity: Periods of inactivity should be reduced 
along with increase in physical activity. Screen time (time 
spent on watching television, computer and mobile 
devices) is restricted to less than one hour a day. Increase 
in routine activities like household chores and walking to 
school should be encouraged. A plan of enjoyable activity 
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like dancing, sports and running should made to ensur, 
a minimum of 30 minutes daily. Weight bearing ex ercig, 
and over-regimented schedule should be avoided, 


Specific Management 


Specific treatment should be initiated in children With 
hypothyroidism, GH deficiency and Cushing syndrom, 
Children with mildly elevated TSH level do not necd 
treatment. Obese children with Prader-Willi Syndrome 
and growth failure may benefit from GH therapy 
Octreotide is effective in hypothalamic obesity while the 
use of leptin is reserved for leptin deficiency. 


Treatment of Complications 


Complications should be treated early to avoid long-term 
adverse effects. Metformin is indicated in children with 
insulin resistance and type 2 diabetes, non-alcoholic fatty 
liver disease and polycystic ovarian disease. Statins are 
the drug of choice for children with persistent 
dyslipidemia. Treatment of non-alcoholic fatty liver 
disease includes the use of metformin, vitamin E and 
pioglitazone. Girls with polycystic ovarian syndrome may 
benefit from lifestyle modifications, metformin, oral 
contraceptives and antiandrogens. Medroxyprogesterone 
acetate is beneficial in children with obesity— 
hypoventilation syndrome while continuous positive 
airway pressure may be used in obstructive sleep apnea. 


Medical Management for Obesity 


Orlistat is the only drug approved for use in children with 
obesity. The drug inhibits gastric lipase resuliing in 
reduced absorption of fat with modest weight loss. The 
major side effects are abdominal pain, bloating, steatorrhea 
and leakage of oil. The medicine should be combinvd with 
fat-soluble vitamins. Newer agents include MC4 receptot 
modulators, GLP1 analogs and endocannabinoid agonists. 


Surgical Management 


Bariatric surgery is considered in severe obesity when 
other measures fail. The intervention is preferred after 
achieving final height to avoid potential adverse crowth 
effects. Bariatric surgery is a major surgical undertaking, 
and should be viewed as a potentially life-saving and no! 
just a cosmetic procedure. Patients need to adhere to strict 
dietary restriction for life. Laparoscopic adjustable 
banding is the recommended procedure in children. 
Malabsorptive procedures and gastric sleeve are not 
recommended for children. 
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DISORDERS OF THE GONADAL HORMONES 
Puberty 


Puberty is the phase of life when secondary sexual charac- 
teristics appear and mature, and capability of reproduction 
is attained. Deviations from the normal pattern of puberty 
have major diagnostic and therapeutic implications. 


Physiology 


Puberty involves development of primary (testicular and 
penile growth in boys and breast, ovarian and uterine 
growth in girls) and secondary sexual characteristics 
(pubic and axillary hair growth, change of voice in boys, 
acne and axillary odor). Sex hormones (estrogen in girls 
and testosterone in boys) play an important role in the 
development of primary sexual characteristics, while 
adrenal androgens are involved in the development of 
secondary sexual characteristics in girls. 

Kisspeptin, a hypothalamic peptide, is the key regulator 
of puberty. Acting as the ‘on-off switch’ of puberty, 
kisspeptin initiates GnRH pulses. Initially, GnRH pulses 
occur only during nights followed by secretion during 
both day and night. This leads to increase in the levels of 
gonadotropins, and thereby, sex hormones. LH is a better 
indicator of pubertal status compared to FSH. Pulsatile 
secretion of GnRH makes basal gonadotropin levels an 
unreliable indicator of pubertal status. The hypothalamic— 
pituitary-gonadal axis is under feedback control. Thus 
secretion of LH is inhibited by testosterone and estrogen 
produced by the Leydig cells and theca cells, respectively. 
Inhibin produced by the Sertoli and granulosa cells inhibits 
FSH production. 


Patterns of Pubertal Development 


The pattern of pubertal development is different in girls 
and boys. Puberty starts at around the age of 10 years in 
girls (range 8-12 years) and is completed over 9 years. 
Breast enlargement (thelarche) is the first event followed 
by the development of pubic hair (pubarche) and onset of 
menstrual cycles (menarche). Breast development may be 
asymmetrical in the initial phase. Menarche usually occurs 
2 years after thelarche usually during stage II and IV. 
Pubertal development is closely linked to remaining 
growth potential of the child. Thus a girl is expected to 
gain around 20 cm from breast stage II development and 
5~8 cm after achieving menarche. Discordant pubertal 
development (menarche within one yeat of thelarche) 
suggests a hyperestrogenic state with withdrawal bleeding. 


In boys, puberty starts with testicular enlargement at 
11.5 years (range 9 to 14 years). This is followed by penile 
enlargement and pubarche; spermarche occurs by 14 years. 
Peak growth velocity in boys correlates to testicular 
volume of 10 mL. 


Assessment of Puberty 


The stage of pubertal assessment is assessed using Tanner 
staging system (Figs 5.1, 5.2). Breast development beyond 
Tanner Il in girls and testicular volume greater than 4 mL 
indicates the onset of puberty. Maximum growth spurt 
occurs during early puberty in girls (Tanner II-II!) compared 
to boys where it occurs later (Tanner III-IV) (Table 18.28). 
Menstrual periods are irregular in the first few years before 
attainment of regular ovulatory cycles. It is important to 
differentiate adrenarche (pilosebaceous development 
related to increase in adrenal steroids) from gonadarche 
(genital development related to increase in GnRH) in girls. 


Precocious Puberty 


Pubertal onset before the age of 8 years in girls and 9.5 years 
in boys is suggestive of precocious puberty. Precocious 
puberty may be due to stimulation of the hypothalamic— 
pituitary axis (gonadotropin-dependent precocious 
puberty) or autonomous sex hormone production 
(gonadotropin-independent). 


Precocious Puberty in Girls 


Precocious puberty is common in girls and may represent 
a normal variation in the age at onset of puberty. In most 
cases, puberty is slowly progressive with no long-term 
adverse effect. Endocrine workup should be restricted to 
girls with progressive forms of puberty. 


Gonadotropin-dependent precocious puberty (central 
precocious puberty) is much more common than 
gonadotropin-independent precocious puberty (Table 18.29). 
In more than 90% cases, no underlying cause is identified. 
It may be caused by a variety of pathologies of the central 
nervous system. Hypothalamic hamartoma, a neuronal 
migration defect, is the commonest cause of organic central 
precocious puberty. The disorder presents with early onset 
and rapid progression of puberty, seizures and uncontrolled 
laughter episodes (gelastic epilepsy). 


‘Table 18.28: Comparison of pattern of pubertal development. 


‘in boys and girls | 
ye Girls Boys 
Onset 10-12 years 12-14 years 
First sign Breast Testicular enlargement 
development 
Growth spurt Tanner II Tanner Ill and IV 
and Ill 
Sexual Menarche Spermarche 14—15 years 
_ maturity 14 years 
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Table 16.29: Etiology of precocious puberty in girls” 
Gonadotropin-dependent or central precocious puberty 
Idiopathic — 

Tumors: Hamartoma, pituitary adenoma, craniopharyngioma, 
glioma 

Infections: Neurotuberculosis, meningitis 

Injury: Head trauma, neurosurgery, cranial irradiation 
Malformation: Arachnoid cyst, hydrocephalus, septo-optic 
dysplasia 

Gonadotropin-independent or peripheral precocious 
puberty 

Hypothyroidism 

Ovarian estrogen: McCune-Albright syndrome, cyst, tumor, 
aromatase excess 

Adrenal estrogen: Estrogenic adrenal adenoma 

Exogenous estrogen exposure 


Incomplete variants | 


Isolated thelarche 
Isolated pubarche (adrenarche) 
Isolated menarche 


Gonadotropin-independent precocious puberty (peri- 
pheral precocious puberty) is rare and usually caused by 
estrogenic ovarian cysts. Fluctuating pubertal development 
and early vaginal bleeding (due to hyperestrogenic state) 
is common. The condition is usually self-resolving and 
there is no need for treatment. Recurrent ovarian cysts 
should raise the possibility of McCune-Albright syndrome, 
a somatic activating mutation of stimulatory G protein, 


which presents witha constellation of cutaneous (multiple 
café au lait spots), skeletal (multiple fibrous dysplasia) and 
endocrine abnormalities (hyperthyroidism, rickets and 
CH excess). Precocious puberty occurs at an early age and 
is rapidly progressive. Prolonged untreated prima 
hypothyroidism may induce early puberty due to action 
of TSH on FSH receptor. Delayed bone age and growth 
are characteristics. 


Evaluation 

Aims of evaluation include confirmation of diagnosis, 
identification of underlying etiology and determination 
of prognosis and treatment (Fig. 18.20). 


Clinical: History should include the onset, progression 
and extent of puberty. Exposure to steroids, estrogens and 
androgens should be enquired. Family history of 
precocious puberty and early menarche points towards 
idiopathic central precocious puberty. Features of 
hypothyroidism should be assessed. Advanced growthis 
characteristic of precocious puberty; growth retardation 
indicates hypothyroidism or concomitant GH deficiency. 
Examination of vaginal mucosa for estrogen effect 
provides clues regarding the pubertal status of the patient. 
Red, glistening vaginal mucosa suggests lack of estrogens 
while pink mucosa with mucus is indicative of estrogen 
effect. Abdominal examination for adrenal or ovarian mass 
should be done. Features of McCune-Albright syndrome 
include café au lait spots, polyostotic fibrous dysplasia, 
bony deformities and polyendocrinopathy. 


Precocious puberty (PP) 
Assess the extent of pubertal development 


Complete/thelarche lsolated pubarche 
Bone age Check DHEA/JS levels 


Retarded 


Normal 








Prepubertal LH response 






Ultrasound adrenal and ova 
Bone scans for fibrous dysplasia 


lsolated menarche 
Local examination 
Pelvic ultrasound 


Advanced 
Basal LH, FSH levels 


Elevated LH 






Pubertal LH response 


onadotropin-dependent PP 


bea 8.20: Approach to precocious puberty In girls. DHEAVS dehydroepiandrosterone sulfate; FSH follicle-stimulating hormone: 
Nik’ Gonadotopin-releasing hormone; LH luteinizing hormone: mr magnetic resonance imaging 
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Investigations: Assessment of pubertal status is based on 
basal or stimulated gonadotropin levels. Pooled 
gonadotropin levels are preferred due to their pulsatile 
secretion. LH is a better indicator compared to FSH, since 
the former increase significantly during puberty. LH levels 
in the pubertal range (>0.6 mU/L with LH/FSH ratio >1) 
is suggestive of development of puberty. 

Bone age helps in assessing the height compromise and 
in predicting final height. Advanced bone age (more than 
two years ahead of chronological age) suggests progressive 
precocious puberty, while normal bone age indicates 
slowly progressive puberty. Retarded growth and skeletal 
maturation is diagnostic of hypothyroidism. Thyroid 
function should be assessed to rule out hypothyroidism 
in these girls. 

MRI of brain should be done in girls with onset of 
puberty <6 years of age, rapid progression and associated 
neurological features. Ultrasound of abdomen and pelvis 
helps in diagnosing follicular cysts and ovarian and 
adrenal mass. Girls with prepubertal LH levels should 
undergo ultrasound of ovary and adrenals (for ovarian 
cyst and adrenal tumor) and skeletal survey (fibrous 
dysplasia). 


Management 


Aims of management include treatment of underlying 
cause, management of associations, puberty suppression 
and achievement of target height potential. The significant 
long-term consequence of precocious puberty is short 
stature. Growth is accelerated at presentation. This is 
associated with disproportionately advanced bone age 
resulting in premature epiphyseal fusion culminating in 
compromised final height. 


Gonadotropin-dependent precocious puberty: Drugs used 
for pubertal suppression include medroxyprogesterone 
acetate (MPA), cyproterone and GnRH analogs. MPA does 
not improve height outcome and is considered in girls with 
intellectual disability where final height is not important. 
Long-acting GnRH analogs are the only agents effective 
in improving height outcome. They cause sustained 
stimulation and desensitization of pituitary leading to 
reversal of pubertal changes. GnRH analogs should be 
considered in girls with early onset (before 6 years of age) 
rapidly progressive puberty and height compromise (bone 
age to chronological age difference more than two years). 
The treatment is discontinued at the chronological age of 
11 years and bone age of 12.5 years. 


Gonadotropin-independent precocious puberty: Thyroxine 
replacement reverses the pubertal changes of hypo- 
thyroidism. Treatment for McCune-Albright syndrome is 
directed towards inhibiting estrogen production 
(aromatase inhibitors: anastrazole, letrozole) or estrogen 
action (tamoxifen, estrogen receptor antagonist: 
fulvestrant). Size and morphological features guide 
treatment of ovarian cysts. 


Incomplete Variants of Precocious Puberty 


These disorders represent normal variants and do not 
require specific treatment. Their identification helps in 
restricting the extent of diagnostic workup and counseling. 


Isolated thelarche: Isolated breast development may 
represent isolated thelarche or first manifestation of central 
precocious puberty. Bone age, gonadotropin levels and 
pelvic ultrasound help in differentiating the two 
conditions. Normal growth, prepubertal LH, age 
appropriate bone age and small uterine size suggest 
isolated thelarche. These children usually present around 
the age of 1-2 years and show gradual regression of 
thelarche by 5 years of age. 


Isolated adrenarche: Premature adrenarche refers to 
development of pubic hair and acne in the absence of 
breast development or menarche. Most cases are 
physiological variants. Rarely, androgen excess due to 
adrenal (21-hydroxylase deficiency, 11B-hydroxylase 
deficiency, adrenal tumor) or ovarian (tumor, polycystic 
Ovarian disease) causes may be identified. Normal bone 
age and absence of virilization suggest premature 
adrenarche and no treatment. 


Isolated menarche: Vaginal bleeding in the absence of 
thelarche is against the diagnosis of gonadotropin- 
dependent precocious puberty. Vaginal bleeding occurs 
early in course of estrogen excess states like ovarian cysts, 
hypothyroidism and McCune-Albright syndrome. 
Vaginal bleeding without breast development requires 
evaluation of local causes (infection, foreign body, sexual 
abuse or tumors). 


Precocious Puberty in Boys 


Precocious puberty is less common in boys, but when 
present is usually associated with significant pathology. 
This mandates prompt evaluation and treatment of all 
boys with precocious puberty. 


Etiology 


Gonadotropin-dependent and independent precocious 
puberty accounts for similar number of cases (Table 18.30). 


Gonadotropin-dependent precocious puberty: The etiology 
is similar to girls, except that organic causes are common. 
Hypothalamic hamartoma, craniopharyngioma, 
hydrocephalus and tubercular meningitis are important 
causes (Figs 18.21 and 18.22). These disorders are 
associated with increase in testicular volume and elevated 
basal and GnRH-stimulated LH. 


Gonadotropin-independent precocious puberty: This is 
caused by increased androgen production by testis and 
adrenals, with prepubertal LH levels. Adrenal over- 
production due to CAH is the chief cause of peripheral 
precocious puberty in boys; adrenal tumors are rare. 
Human chorionic gonadotropin (hCG) secreting tumors 


| oo: 





i 





i 





a 32 | 


of the liver, mediastinum or brain may present with 
precocious puberty. Testotoxicosis, associated with 
constitutional activation of LH receptor, presents with 
early onset gonadotropin-independent precocious 
puberty. Androgen-secreting testicular tumors present 
with precocious puberty and unilateral testicular 
enlargement. 

"Table 18.30: Etlology of precocious puberty In boys 
Gonadotropin-dependent or central precocious puberty 
Idiopathic 


Central nervous tumors: Hamartoma, craniopharyngioma, 
glloma 


Infections: Tubercular meningitis 
Injury: Head trauma, surgery, radiation 
Malformation: Arachnold cyst, hydrocephalus 


Gonadotropin-independent or peripheral precocious puberty 
Congenital adrenal hyperplasia: 21-hydroxylase deficiency, 
11(}-hydroxylase deficiency 

Adrenal tumors: Adenoma, carcinoma 

Testicular tumors: Seminoma, germinoma 

Testotoxicosis: Activation of LH receptor 

hCG secreting tumor: Germinoma, hepatoblastoma 
Exogenous androgen exposure: Testosterone cream 


hCG: Human chorionic gonadotropin, LH: Luteinizing hormone 





Fig. 18.21: Central precocious puberty secondary to 
hypothalamic hamartoma 
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Fig. 18.22: MRI scan showing an isodense mass suggestive of 
hypothalamic hamartoma 


Evaluation 


Evaluation is directed towards confirming the diagnosis 
and establishing the underlying cause. 


Clinical: History should include age at onset and pro- 
gression of puberty, neurological features, family history 
of precocious puberty and androgen exposure. Detailed 
anthropometric and neurological examination is performed. 
Features of CAH (hyperpigmentation, hypertension) 
should be identified. Estimation of testicular volume is 
an integral part of assessment. Prepubertal testicular 
volume (<4 mL) is characteristic of CAH and adrenal 
tumors; unilateral enlargement is seen in testicular tumors. 


Investigations: Initial investigations include LH, FSH and 
testosterone levels and bone age. All patients with pubertal 
LH levels should undergo MRI of brain. In the presence 
of prepubertal LH levels, imaging for adrenals (preferably 
CT scan) and 17-hydroxyprogesterone levels should be 
done. The levels of hCG should be estimated, if these 
investigations are noncontributory (Fig. 18.23). 


Management 


Management of central precocious puberty includes 
treatment of underlying pathology and GnRH analog 
therapy. GnRH analog should be continued till the age of 
12 years. CAH is managed with hydrocortisone an 
fludrocortisone. Surgery is the treatment of choice for 
adrenal and testicular tumors, while radiotherapy 
effective in hCG-secreting tumors. Aromatase inhibitof 
and antiandrogens are indicated in testotoxicosis. 


Delayed Puberty 


Delayed puberty is more common in boys than in aa 
Most children with delayed puberty have constitution 
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Fig. 18.23: Approach to precocious puberty In boys. ACTH 
adrenocorticotropic hormone; CAH congenital adrenal 
hyperplasia; CT computed tomography; FSH follicle-stimulating 
hormone; GnRH gonadotropin-releasing hormone; hCG human 
chorlonic gonadotropin; LH luteinizing hormone; MRI magnetic 
resonance Imaging; 17-OHP 17-hydroxyprogesterone 






delay emphasizing the need for watchful monitoring and 
conservative approach. 


Delayed Puberty In Girls 


Delayed puberty in girls is defined as lack of secondary 
sexual characteristics by the age of 13 years. Absence of 
menarche by the age of 16 years, or 5 years after onset of 
puberty indicates pubertal delay. 


Etlology 


Delayed puberty may be caused by defects in the 
hypothalamic-pituitary axis, ovaries or genital tract 
(Table 18.31). Defects in the hypothalamic-pituitary 
axis are associated with low gonadotropin levels 
(hypogonadotropic hypogonadism). This may be related 
to reversible causes such as systemic diseases, 
malnutrition, eating disorders, hyperprolactinemia and 
hypothyroidism. Irreversible defects include destruction 
of the hypothalamic-pituitary axis by infection, surgery, 
radiation or tumor. Defective smell sensation, low GnRH 
levels and hypogonadotropic hypogonadism characterize 

llmann syndrome, a neuronal migration defect due to 
mutation of KAL1 gene. Hypergonadotropic hypo- 
onadism is associated with defective estrogen production 


Table 18.31; Etlology of delayed puberty in gins 
Hypogonadotrople hypogonadism 
Tranelont 
Syetomic disorders: Renal tallura, liver disease, collac disease, 
ronal tubular acidogls, cyeilc fibrosis 
Nutritlonal disorders: Malnutrition, anorexia nervosa 
Endocrine disordore: Hypothyroidism, hyperprolactinemia, type 
1 diabetes 
Pormanont 
Isolated hypogonadotropie hypogonadiem 
Gonotic: KAL7, GnRH receptor, LH, FSH, DAX7 mutations 
Dysmorphic syndromes: CHARGE, Prader-Willl, Laurence- 
Moon-Bardet-Biedl 
Multiple pituitary hormone doficioncles 
Malformations: Holoprosencephaly, septo-optic dysplasia, 
midilne defects 
Genetic disorders: PROP!, LH gene deletions 
Brain tumors: Cranlopharyngiorma, germinoma, glioma 
Braln Injury: Surgery, Infection, radiation, trauma 
Infiltrative disorders: Histiocytosis, autoimmune disorders 


Hypergonadotropic hypogonadism 


Gonadal! dysgenesis: Turner syndrome, SAY deletion, trizomy 
18, 13, 21 

Steroldogenic defects: SIAR, 17u-hydroxylase, 17(}-hydroxy- 
steroid dehydrogenase or aromatase deficiency 

Ovarian Insults: Surgery, radiation, alkylating agents, infections 
Autoimmune ovarian failure: Autoimmune polyendocrinopathy 
Gonadotropin resistance: LH and FSH receptor mutations 
Isolated amenorrhea 


Structural malformations: Millerian agenesis, vaginal septum, 
imperforate hymen 

Inefficlent androgen action: Complete androgen insensitivity 
syndrome 


DAX1; Dosage sensitive sex reversal; FSH: Follicle-stimulating hormone; 
GnRH: Gonadotropin-releasing hormone; LH: Luteinizing hormone; 
KAL1; Kallman syndrome gene 1; StAR: Steroidogenic acute regulatory 
protein; SRY: Sex determining region on Y chrornosome 


by ovaries and elevated gonadotropin levels. Causes 
include Turner syndrome, ovarian failure and enzymatic 
defects in estrogen synthesis. 


Evaluation 


Goals of evaluation include identification of constitutional 
delay, organic etiology requiring neuroimaging and 
decision regarding treatment. 


Clinical: Family history of delayed puberty provides a 
clue to constitutional delay in puberty. Patients are 
screened for chronic systemic or neurological diseases, 
Turner syndrome or hypothyroidism, and poor olfactory 
sensation. Amenorrhea with normal secondary sexual 
characteristics indicates anatomical defects. 


Investigations: Workup is directed towards screening for 
systemic disorders (liver, renal or gastrointestinal disease), 
followed by estimation of FSH levels and karyotype. 
Steroidogenic defects are likely, if karyotype and pelvic 
ultrasound are normal. In patients with low/normal FSH 
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LACICOENET 

All patients with hypergonzdotropic hypogonadism and 
irreversible hypogonz2dotropic hypogonadism need 
hormone replacement Hommone replacement should be 
deterred till the bone ace of 12 vears to avoid deleterious 
effects on height The coal oi treatment is to initiate and 
maintain sexual characteristics and to prevent 
osteoporosis. Treatment should be started with low dose 
estrogens (2 pg ethinvlestradiol, 0.5 mg conjugated 
estrogen or 0.1 mg estradiol valerate every day) and 
gradually increased every 3 months till adult doses 
(20 ng of ethinylestradiol, 125 mg of conjugated estrogen 
or 1 mg estradiol valerate daily by 2 vears) are reached. 
Medroxyprogesterone acetate (5-10 mg from day 11 to 
21) should be added two years after initiation of treatment 
or when withdrawal bleeding occurs. 


Delayed Puberty in Boys 

Delayed puberty is more common in boys than girls and 
is usually due to a constitutional delay. Lack of pubertal 
changes by the age of 14 years is suggestive of delayed 
puberty in boys. 


Etiology 

Constitutional delay in growth and puberty is the 
commonest cause of delayed puberty in boys (Table 18.32). 
They have growth retardation and delayed bone age. 
Family history of delayed puberty is present. Gonado- 
tropin levels are prepubertal similar to hypogonadotropic 
hypogonadism. 


Hypogonadotropic hypogonadism: This may be reversible 
due to systemic illnesses or permanent due to neurological 
insult (e.g. infection, surgery, radiation or tumor). Kallmann 
syndrome is an important cause of isolated gonadotropin 
deficiency and presents with impaired smell sensation. 


Constitutional delay of puberty and growth 

Systemic disorders Renal failure, liver disease, celiac disease, 
rena! tubular acidosis, cystic fibrosis 

Nutrtions! disorders: Malnutrition, anorexia nervosa, bulimia 
nervosa 

Endocrine disorders: Hypothyroidism, hyperprolactinemia, type 
1 diabetes meitus 


Pemmanent 

Isolated hypogonedotropic hypogonadism 
Genetic disorders: KAL1, GnRH receptor, LH, FSH, DAX1 
mutations 
Dysmorphic syndromes: CHARGE, Prader-Willi, Laurence- 
Moon-Bardet-Biedl, Robinow 

Muttipte pituitary hormone deficiencies 
Malformations: Holoprosencephaly, septo-optic dysplasia, 
midline Gefects 
Genetic disorders : PROP1, LH gene deletions 
Brain tumors: Craniopharyngioma, germinoma, glioma 
CNS insutts: Surgery. infection, radiation, trauma 
Infiltrative disorders: Histiocytosis, sarcoidosis, hemo 
chromatosis 


Hypergonadotropic hypogonadism 


Chromosomal abnormalities: Klinefelter syndrome, gonadal 
dysgenesis 

Steroidogenic defects: StAR, 17a-hydroxylase, 17B-hydroxy- 
steroid dehydrogenase deficiency, Smith-Lemli-Opitz syndrome 
Testicular insults: Radiotherapy, chemotherapy, trauma, torsion, 
infections 

Malformations: Vanishing testis syndrome, cryptorchidis™ 
Inefficient testosterone action: 5a-reductase deficiency 
Resistance to testosterone action: Androgen insensiivty 
syndrome 

DAX1 dosage sensitive sex reversal; FSH follicle-stimulating herone; 
GnRH gonadotropin-releasing hormone; LH luteinizing hormone; KALI 
Kallman syndrome gene 1, StAR steroidogenic acute regulatory p*ciein 


Delayed puberty is common in Prader-Willi, Laurence 
Moon-Bardet-Bied1, Noonan and Robinow syndromes. 


Hypergonadotropic hypogonadism (testicular failure) may 
be due to chromosome abnormalities (e.g. Kline felter 
syndrome), partial gonadal dysgenesis, steroidogenic 
defects and acquired testicular injury (infection, radiation, 
or chemotherapy) (Fig. 18.25). 


Evaluation 


Clinical: Family history of delayed puberty sugges’® 
constitutional delay in puberty. History of delayed growth 
spurt with continued growth in adult years and late onset 
of shaving in father and brothers is common. Patients are 
examined for features of systemic disease(s); history of head 
injury, neurosurgery and intracranial space occupyi"® 
lesions suggest a defect in the hypothalamic-pituitary axis: 
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Fig. 18.25: Klinefelter syndrome. Note the tall stature and 
gynecomastia 


Investigations: Initial step includes estimation of LH, FSH 
and testosterone levels. Elevated gonadotropin levels 
(hypergonadotropic hypogonadism) should be followed 
by karyotype (Klinefelter syndrome) and evaluation for 
biosynthetic defects. Boys with low LH and FSH levels 
may have constitutional delay in puberty or hypo- 
gonadotropic hypogonadism. They may be distinguished 
by hCG stimulation test or GnRH stimulation test 
(Fig. 18.26). However, these tests are nondiscriminatory 
in most cases and follow-up after a course of testosterone 
is the best strategy. Patients with hypogonadotropic 
hypogonadism should undergo evaluation of hypo- 
thalamic—pituitary axis and neuroimaging. 


Management 


Testosterone treatment should be deferred till the age of 
14 years and bone age of 13.5 years. Boys with suspected 
constitutional delay in puberty should receive three- 
monthly injections of testosterone enanthate (100 mg). This 
should be repeated, if adequate response is not achieved. 
Serum testosterone levels should be estimated three 
months after the last dose of the drug. Low testosterone 
levels indicate hypogonadotropic hypogonadism and the 
need for continued treatment. 


Turner Syndrome 


Turner syndrome is the most important cause of 
hypergonadotropic hypogonadism in girls. The disorder 
affects 1 in 2500 newborn phenotypic females. These girls 
present with short stature, classical phenotype and 
delayed puberty. While most common karyotype 1s 45X, 
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Fig. 18.26: Approach to delayed puberty in boys. AlS androgen 
insensitivity syndrome; CDPG constitutional delay in growth and 
puberty; DHT dinydrotestosterone; GnRH gonadotropin-releasing 
hormone; hCG human chorlonic gonadotropin; HH 
hypogonadotropic hypogonadism; MRI magnetic resonance 
Imaging 


mosaic forms like 45X/46XX and 45X/46XY are also 
observed. Premature atresia of ovarian follicles and 
bilateral streak gonads may be present. 


Clinical Features 


Short stature is a frequent finding. Turner syndrome is 
identified at birth by presence of lymphedema, cystic 
hygroma and left-sided obstructive cardiac lesions. Features 
in childhood include cubitus valgus (wide carrying angle), 
shield chest with widely spaced nipples, web neck and short 
fourth metacarpal (Table 18.33). Cardiac associations such 
as coarctation of aorta, mitral valve prolapse and aortic 
stenosis are common. Renal malformations such as 
horseshoe kidney, duplication of renal pelvis and agenesis 
may be present. Endocrine associations include hypo- 
thyroidism and diabetes mellitus. 
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- Table 18.33: Pointers to the diagnosis of Turner syndrome 





Age group Features a] 
Intrauterine period Increased neck translucency, cystic 
hygroma 


Infancy Cystic hygroma, lymphedema, 
coarctation of aorta, partial 
anomalous pulmonary venous 


return (PAPVR) 


Childhood and Growth failure, hearing defect, 


adolescence delayed puberty, skeletal abnor- 
malities 
Adulthood Secondary amenorrhea, infertility 
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wee PS 
| | System . Association 

Growth Growth failure 

Puberty Delayed puberty, secondary amenorrhea, infertility 
Cardiovascular Coarctation of aorta, bicuspid aortic valve, partial 
system anomalous pulmonary venous return (PAPVR), 

aortic dissection 

Ear Otitis media, conductive and sensorineural hearing loss 
Eye Strabismus, ptosis, color blindness 

Orthopedics Scoliosis, lordosis, reduced cortical density, congenital 


Renal system 


dislocation of hip 


Collecting duct abnormality, horseshoe kidney, 
positional abnormality 


Autoimmune Hypothyroidism, celiac disease 
disorders 

Skin Pigmented nevi 
Assessment 







Table 18.34: Associations of Tume syndrome = ee 


SSS SS SSS SS ee 


ee aS 5; 
Intervention 

GH, oxandrolone 

FSH estimation at 12 years, hormone replacement 


Four limb blood pressure, ECG, ECHO at baseline, MR; 
at 18 years, imaging every 5 years 


Hearing assessment, otoscopic examination, hearing aig 


Fundoscopy 
Orthopedic review 


Ultrasound kidney 
Thyroid function, tissue transglutaminase antibodies 


Monitoring for size 


DISORDERS OF SEX DEVELOPMENT 


Ultrasound pelvis reveals hypoplastic uterus and poorly 
developed ovaries. FSH levels are elevated. Karyotype is 
advised in all patients to exclude the presence of a Y 
chromosome, which is associated with gonadoblastoma 


Disorders of sex development (DSD) previously termed 
as intersex disorders, are rare but constitute a medical, 
social and psychological emergency. 


Physiology 


in 25-30% cases. Echocardiography and ultrasound for 
kidneys should be done in all patients for screening cardiac 
and renal malformations. Thyroid profile and blood sugar 
estimations are recommended at baseline and yearly. 
Periodic hearing evaluation for deafness is advised 
(Table 18.34). 


Sexual differentiation is a complex process involving a 
close interaction of genetic, phenotypic and psychological 
factors. Usually genetic sex guides gonadal sex, which is 
responsible for the determination of phenotypic manifes- 
tations and gender identity (Fig. 18.27). Any deviation 
from this pattern results in DSD. 


Management 


GH therapy (0.35-0.5 mg/kg /week) is indicated in Turner 
syndrome for improving stature. Estrogen treatment 
should be deferred till the age of 12 years to ensure 
adequate growth. Gonadectomy is recommended in 


patients with a Y chromosome in view of high risk of gonado- 
blastoma. 
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Fig. 18.27: The process of sex development (DSD) and Its disorder: 
DAX1 dosage sensitive sex reversal gene; SF1 steroldogenic factor 
1: SOX9 transcription factor related to SRY: SRY sex-determining 
region on the Y chromosome; WT1 Wilms tumor 1 gene 
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Gonadal differentiation: Germ cells arise from the 
coelomic epithelium of hindgut and migrate to the gonadal 
ridge at 4-6 weeks of gestation. These cells combine with 
somatic cells to give rise to the bipotential gonad. A 
transcriptional factor present on the Y chromosome called 
the sex-determining region of the Y chromosome (SRY) is 
one of the most important regulators of sexual 
differentiation. SRY acts in conjunction with other genes 
like Wilms tumor gene 1 (WT1), SOX9 (a transcription 
factor on X chromosome) and dosage-sensitive sex reversal 
(DAX1) gene to induce testicular development. In the 
absence of SRY, the bipotential gonad develops into ovary. 


Genital differentiation: Following development of testis, 
antimtillerian hormone secreted by Sertoli cells induces 
regression of Millerian ducts. Testosterone produced by 
Leydig cells is responsible for sustenance of Wolffian ducts. 
Dihydrotestosterone (DHT), produced by action of 5a- 
reductase on testosterone, is responsible for male external 
genital development (scrotal fusion and development of 
corpus spongiosum and penile corpus cavernosa). 

Feminization is the default process of sexual 
development. In the absence of antimtillerian hormone 
and testosterone, Miillerian ducts differentiate into 
fallopian tubes, uterus and the upper two-thirds of the 
vagina. Labioscrotal swellings and urethral folds do not 
fuse and give rise to labia majora and minora, respectively. 
The genital tubercles form the clitoris while canalization 
of the vaginal plate creates the lower portion of the vagina. 
Prenatal exposure to androgens may lead to labioscrotal 
fusion, while exposure thereafter usually causes 
clitoromegaly alone and no labial fusion. 


Classification 


DSD may be caused by defects in gonadal differentiation 
(gonadal dysgenesis), androgen production (increased in 
females and reduced in males) or action (androgen 
insensitivity syndrome) (Table 18.35). 


Increased androgen production in girls: Excess androgen | 


production during the critical period of fetal development 
may result in masculinization of a female. These disorders 
are the commonest form of DSD. Congenital adrenal 
hyperplasia should be excluded in all children with DSD. 
21-hydroxylase deficiency is characterized by deficiency 
of glucocorticoids and mineralocorticoids with elevated 
androgen levels. Delay in diagnosis could be fatal, 
underscoring the importance of early diagnosis. 11B- 
hydroxylase deficiency, 38-hydroxysteroid dehydrogenase 
deficiency and P450 oxidoreductase deficiency are the 
other forms of CAH that present with virilization. 
Transplacental androgen exposure due to maternal 
medications or hyperandrogenism may lead to virilization 
in newborns. These disorders are readily identifiable by 
history of virilization in mother. Rarely aromatase 
deficiency may be associated with virilization of mother 
during pregnancy and DSD in the newborn. 





Table 18.35: Karyotype based classification of disorders of | 


sex differentiation (DSD) 


46,XX DSD 
Androgen excesss 
Congenital adrenal hyperplasia 
21-hydroxylase deficiency 
11f\-hydroxylase deficiency 
8B-HSD deficiency 
POR deficiency 
Placental aromatase deficiency 
Maternal virilizing tumors 
Maternal ingestion of androgenic drugs: 
Abnormal gonadal developments 
Ovotesticular DSDs 
46,XX testicular DSD (SRY+, SOX9 duplication) 


46,XY DSD 
Disorders of androgen synthesis or actions 
LH receptor mutationss 
Congenital adrenal hyperplasia 
StAR deficiency 
38-HSD deficiency 
17-hydroxylase/17,20-lyase deficiency 
POR deficiency 
17B-HSD deficiency 
5a-reductase deficiency: Types | and II 
Androgen insensitivity syndrome (AIS): Complete or partial 
Smith-Lemli-Opitz syndrome 
Abnormal gonadal development 
Gonadal dysgenesis: Complete or partial 
Gonadal regression 
Ovotesticular DSD 
Other conditions 
Persistent Mullerian duct syndrome 


Sex chromosome DSD 
45,X (Turner syndrome and variants) 
47,XXY (Klinefelter syndrome and variants) 
45,X/ 46,XY (mixed gonadal dysgenesis, ovotesticular DSD) 
46,XX/46,XY (chimeric, ovotesticular DSD) 


HSD: Hydroxysteroid dehydrogenase; POR: P450 oxidoreductase; 


StAR: Steroidogenic acute regulatory protein 


Inefficient androgen action in boys; These disorders result 
from decreased production, activation or action of 
androgens. Androgen insensitivity syndrome (AIS) 
previously referred to as testicular feminization syndrome, 
an X-linked disorder of androgen action, is the commonest 
cause and is characterized by resistance to androgens. AIS 
forms a spectrum ranging from a normal female to a boy 
with hypospadias, to a male with infertility. Complete 
androgen insensitivity presents in the neonatal period as 
a girl with inguinal mass and primary amenorrhea in older 
girls. Pubic and axillary hair is sparse or absent. Mullerian 
structures are absent. High DHT levels are diagnostic. 5a.- 
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reductase deficiency is associated with reduced DHT 
production. These children virilize during puberty due 
to increased testosterone levels. High testosterone and low 
DHT levels are diagnostic. Testosterone biosynthetic 
defects include deficiency of StAR, 3B-hydroxysteroid 
dehydrogenase, 17a-hydroxylase and 176-hydroxysteroid 
dehydrogenase enzymes. Diagnosis requires estimation 
of testosterone precursors and basal and hCG-stimulated 
testosterone and androstenedione levels. 





Disorders of gonadal differentiation: These disorders are 
associated with abnormal gonadal development. The 
gonad is usually streak (no functional gonadal tissue). 
Combinations of partially functional testis or ovary or 
ovotestis may be observed. SRY gene deletion results in 
normal female phenotype with 46,XY karyotype. 
Mutations in genes involved in the testicular differentiation 
(WT1, SOX9, steroidogenic factor 1 and DAX1) are other 
causes of 46,XY gonadal dysgenesis. These disorders are 
associated with renal (WT1 mutation), skeletal (SOX9) and 
adrenal abnormalities (DAX1). 46,XY gonadal dysgenesis 
is associated with risk of development of gonadoblastoma. 
Asymmetric gonadal location may result in asymmetric 
genital appearance. 46,XX gonadal dysgenesis is usually 
caused by SRY translocation and presents as normal 
appearing male. Ovotesticular DSD, the new term for true 
hermaphroditism, is characterized by the presence of both 
ovarian and testicular tissue in the same individual. 


Evaluation 


Detailed workup for DSD is indicated in the infants with 
genital ambiguity, girls with inguinal masses (probable 
AIS), boys with cryptorchidism (probable 21-hydroxylase 
deficiency) and penoscrotal hypospadias (probable 
undervirilization disorder) and adolescent girls with 
amenorrhea (probable AIS). 21-hydroxylase deficiency 
should be excluded by estimating blood electrolytes and 
levels of 17-OHP. 


Clinical: Family history of genital ambiguity is suggestive 
of genetic disorders such as 21-hydroxylase deficiency or 
androgen insensitivity syndrome. CAH is likely, if there 
is a history of fetal losses and sibling deaths and family 
history of consanguinity. On the other hand, history of 
similar disorder in healthy male relatives (brothers and 
maternal uncles) is suggestive of AIS, Gonads in complete 
AJS may be mistaken for inguinal hernia and operated. 
Intake of progestational drugs during first trimester and 
features of virilization in mother should be searched, 
Failure to thrive, polyuria and lethargy indicate 21- 
hydroxylase deficiency (Table 18.36). Virilization during 
puberty is suggestive of 5a-reductase deficiency, while 
feminization indicates AIS. General examination should 
include assessment for facial dysmorphism and 
hyperpigmentation. Maternal examination for features of 
hyperandrogenism like hirsutism, acne and change in 
voice should be done. 
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Table 48.36: Clinical pointers to ‘etiology of disorders of 
sexual differentiation (DSD) 


Pointer Likely diagnosis 

Pigmentation Congenial adrenal hyperplasia, SF; 
defect, StAR defect 

Polydactyly Smith-Lemeli-Optiz syndrome 


SOX9 defect 
Mixed gonadal dysgenesis, 
ovotesticular DSD 


Skeletal dysplasia 
Genital asymmetry 


Hypertension 11B-or 17a-hydroxylase defect 
Hemihypertrophy WT? mutation 
Renal failure Denys-Drash syndrome 


Genital examination: The most important step is 
identification of gonads. Bilaterally rounded structures 
below the inguinal canal are most likely testis. Unilateral] 
gonads are suggestive of mixed gonadal dysgenesis. The 
labioscrotal region should be evaluated for the extent of 
fusion (Fig. 18.28), Miillerian structures may be confirmed 
by rectal examination. The length of phallus and number 
of openings in the urogenital region should be recorded. 
Asymmetrical labioscrotal region is suggestive of gonadal 
dysgenesis or ovotesticular DSD. The genitalia should be 
staged according to the classification proposed by Prader 
from grades I to V, with grade I representing female with 
clitoromegaly and V male with cryptorchidism. 


Investigations: Initial investigations should include 
karyotyping, estimation of blood levels of electrolytes and 
17-OHP and pelvic ultrasound. Fluorescent in situ 
hybridization (FISH) can be used to confirm the presence 
of Y chromosome. Identification of Miillerian structures 
is an important part of evaluation of ambiguous gen:: lla. 
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Fig. 18.28 46,XY¥ DSD due to partial androgen insensitivity 
syndrome. Note the nearly female appearance of the externd 
genitalla with an underdeveloped burled penis and poorly 
developed scrotum and testes 
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Genitogram fs helpful in determination of level of fuston, complete AIS should also be reared as females. Decision 
which is of surgical importance. Further Investigations are of gender of rearing is difficult in disorders of inefficient 
guided by clinical and laboratory evaluation, androgen action, This should depend on genital appea- 
Presenee of Milllecian structures with clitoromegaly —rance, surgical feasibility and psychological evaluation. 

and no palpable gonads ina child with 46,XX karyolype 
indicate androgen excess state and need for estimation of 
serum 17-OHP to rule out CAH. Similarly absence of 
Mullerian structures in a child with 46,XY karyolype is 
suggestive of inefficient testosterone action and should 
be evaluated with estimation of testosterone and DEIT, 
The ace of both Milllerian structures and palpable 
gonads indicates ponadal dysgenesis or ovolesticular 

DSD. Absent gonads and Milllerian structures may be ld t serene aera cies 4a. 
caused by vanishing testis syndrome or dysfunctional 
intra-abdominal testis. Estimation of levels of anti- 
Millerian hormone (AMH) and hCG stimulation test are 
helpful in differentiating the two conditions, Children with 
vanishing testis will have low levels of AMH and 
inappropriate response to hCG stimulation. 





I! 


Surgery: There has been a trend of performing early 
surgeries before gender identity is established. Most 
centers perform clitoroplasty at the age of 1 year with 
vaginoplasty reserved during puberty for girls with 
vaginal stenosis. Gonadectomy should be done in gonadal 
dysgenesis or ovotesticular DSD, if a Y cel] Jine is present. 


Cryptorchidism is present in about 3% of full-term infants 
and 20% of premature infants. In most of these cases testes 
descend spontaneously by the age of one year with a 
decrease in the prevalence to 1%. Spontaneous testicular 
descent is unlikely after the age of one year and the 
prevalence in adult population is 0.8%. 


Etlology 


Most children with undescended testis do not have an 
identifiable underlying cause. Endocrine causes, account 
for only a small proportion of boys with undescended 
testis. The possibility of salt-wasting 21-hydroxylase 
Parental counseling: Birth of a child with DSD generates deficiency presenting with sex reversal should be 
significant parental anxiety and stress. The mostimportant considered in newborns with bilateral cryptorchidism. 
aspect of counseling is reassurance of parents that thechild = [pdescended testis may be associated with hypo- 
is healthy and the condition is amenable to surgical and / pituitarism, dysmorphic syndromes and disorders of 
or medical treatment. Gender specific connotation (his or — androgen production and action. 

her, testis, ovary) should be avoided and neutral terms like 

gonads and phallus be used. Future implications regarding — Evaluation 

sexual and fertility prospects should be discussed. It is important to differentiate true undescended testis 
Decision about gender of rearing: Gender assignment _ from retractile or ectopic testis due to. therapeutic and 
should depend on the potential for future sexual and _ prognostic implications (Fig. 18.29). Poorly developed 
reproductive function, anatomical status, feasibility of | scrotum and inability to bring down the testis to the scrotal 
reconstructive surgery and social acceptance and norms. _ sack suggests true undescended testis. Retractile testis is 
Girls with virilization disorders usually have potentialfor | an otherwise fully descended testis that has an active 
fertility and should be reared as females. Individuals with —_cremasteric reflex, which retracts.it into the groin. 


Undescended testis 
Assess for palpable gonads 


Management 


Management involves parental counseling, decision about 
sex of rearing, timing of surgical correction and 
gonadectomy. 














Normal Absent Positive Negative 





hCG trial 


Laparoscopy 


Descended No response 
Follow up Orchidopexy 


Fig. 18.29: Approach to cryptorchidism, hCG human chorlonic gonadotropin 
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Penoscrotal hypospadias and genital ambiguity are 
suggestive of disorders of androgen production or action. 
The hCG stimulation test should be done in boys with 
bilateral nonpalpable testis to differentiate abdominal 


testis from anorchia. 


Management 

Undescended testis is associated with significant 
complications like torsion, trauma, inguinal hernia, 
testicular dysfunction and development of malignancy. 
These children should be treated early because of the 
increased risk for malignancy and infertility in later life. 
The optimal time of therapy is before the age of one year. 
The commonly used medical treatment is human chorionic 
gonadotropin (hCG) 250 units below 1 year, 500 units 
between 1 and 5 years and 1,000 units above 5 years 
administered twice a week for 5-6 weeks. Good response 
occurs within a month. Retraction rate of testes after 
cessation of therapy is high. If the response to hCG is poor, 
patient should be treated early with orchiopexy. 


Micropenis 


A penis whose length in stretched position is less than 2 SD 
below the mean for the age is termed micropenis. Most often 
it is the result of primary or secondary testicular failure. 


Etlology 


Micropenis results from decreased androgen action during 
fetal life. It may be due to hypogonadotropic hypogonadism 
as in Kallmann syndrome, Prader-Willi syndrome, septo- 
optic dysplasia, or Klinefelter syndrome. It may also be a 
manifestation of partial androgen insensitivity syndrome 
or testosterone biosynthetic defects. 


Evaluation 


Penile length should be measured ina fully stretched state 
by grasping the glans between thumb and forefinger. A 
firm ruler or caliper should be pressed against the pubic 
ramus to depress the suprapubic fat pad. The measurement 
should be made along the dorsum to the tip of the glans 
penis excluding the length of foreskin. Penile size is often 
underestimated in boys with obesity (due to the supra- 
pubic fat) and hypospadias (due to chordee). Investigations 
should include estimation of gonadotropin and 
testosterone levels. Low gonadotropin and testosterone 
levels indicate hypogonadotropic hypogonadism. 
Elevated gonadotropin levels (hypergonadotropic 
hypogonadism) should prompt evaluation for testicular 
dysgenesis, steroidogenic defects or AIS. 


Management 


All boys with micropenis are treated with a course of low 
dose testosterone (25 mg testosterone enanthate or 
cypionate monthly for three doses). The aim of this short 
course of testosterone treatment is to increase penile length 
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and not to induce puberty. Boys with micropenis shoylg 
be reared as males as normal sexual function is usually 


attainable with early intervention. 
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DIABETES MELLITUS 


Diabetes mellitus is a metabolic disorder characterized by 
hyperglycemia and glycosuria. The factors that contribute 
to hyperglycemia include decreased insulin secretion and 
its action and increased glucose production. Hyperglycemia 
resulting from diabetes mellitus causes damage to several 
organs and body systems, including the kidneys, eyes and 
cardiovascular system. There is substantial change in the 
epidemiology of diabetes in children in recent years. While 
type 1 diabetes caused by insulin deficiency remains the 
predominant form in children, type 2 diabetes is emerging 
as an important entity in obese adolescents. 


Diagnostic Criteria 
The definition of diabetes in children is similar to adults. 
Fasting blood glucose more than 126 mg/dL (7 mmol/L), 
postprandial blood glucose two hours after an oral glucose 
load of 75 g of more than 200 mg/dL (11.1 mmol/L) or 
random blood glucose greater than 200 mg/dL with 
classical symptoms is diagnostic of diabetes mellitus 
(Table 18.37). 

Glycated hemoglobin or hemoglobin Alc (HbAIc) is 
now accepted as a diagnostic criterion for diabetes in 


Table 18.37: Diagnostic criteria of diabetes mellitus (American 
Diabetes Association, 2016) 


Parameter 
Fasting plasma glucose 
2 hours after 1.75 g/kg glucose 


Random blood glucose 
with symptoms 


HbAtc 


Levels 

2126 mg/dL (7.0 mmol/L) 
>200 mg/dL (11.1 mmol/L) 
>200 mg/dL (11.1 mmol/L) 


>6.5% (48 mmol/mol) 
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adults with levels greater than 6.5% indicating diabetes. 
The validity of HbAlcas diagnostic criteria in children is 
still disputed. Most children with type 1 diabetes have 
blood glucose level substantially higher than 200 mg/dL 
and do not need a glucose tolerance test. Tolerance testing 
is restricted to children with obesity and suspected type 2 
diabetes. The test is performed after adequate 
carbohydrate intake for three days (150 g/m*/day) and 
overnight fast. The child is given glucose (1.75 g/kg, 
maximum 75 g) as a chilled liquid with blood glucose 
measurements done at 0 and 120 minutes. 


Classification 


Reduced levels of action of insulin cause diabetes. Most 
children with diabetes have type 1 diabetes caused by 
damage to beta cells of pancreas (Table 18.38). Type 2 
diabetes is an important cause in obese adolescents. Other 
forms of childhood diabetes include genetic forms of 
diabetes (monogenic diabetes of young, MODY) and 
neonatal diabetes. 

In most situations, the type of diabetes is evident on 
clinical presentation and extensive diagnostic workup is 
not required. Investigations for classification of diabetes 
are reserved for children with onset after puberty (likely 
to be type 2 diabetes or MODY), no ketoacidosis at 
diagnosis (likely to be type 2 diabetes or MODY), those 
with obesity and acanthosis nigricans (likely to be type 2 
diabetes) or in the presence of abdominal pain and 
steatorrhea (exocrine pancreatic disorder). 

Investigations for classification for diabetes include 
ultrasound abdomen (for pancreatic calcification), levels 
of C-peptide (a marker of beta cell function), GAD and 
insulin autoantibodies (indicators of autoimmune nature 
of type 1 diabetes) and genetic analysis for MODY 
(Table 18.39). The disease classification is often challenging 
as C-peptide levels may be low due to glucotoxicity in 
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Feature Type 1 diabetes mellitus 


Age at onset Any age; most common 


in children 
Onset of disease Acute 
Diabetic ketoacidosis atonset 30-60% 
Family history of diabetes 5-10% 
Obesity Around 20% 
Acanthosis nigricans Absent 
Insulin requirement Universal 
C-peptide levels Low 
Insulin sensitivity Normal 
Islet céll antibodies 40-70% 
“Management Insulin 


Table 18.38: Classification of diabetes mellitus 
(American Diabetes Association 2014) 


I. Type 1 diabetes 


Absolute insulin deficiency due to beta cell destruction: 
Up to 95% of all pediatric diabetes 


1. 1A (autoimmune) 
2.1B (non-autoimmune) 


ll. Type 2 diabetes 


Insulin resistance with relative insulin deficiency: 10-50% 
of diabetes in adolescents depending on ethnicity served. 


ll. Other specific types of diabetes 


1. Genetic defects of beta cell function: Maturity onset 
diabetes of the young (MODY), neonatal diabetes, 
mitochondrial disorders 


2. Genetic defects in insulin action: \nsulin receptor defects, 
lipodystrophy, type A insulin resistance, Rabson- 
Mendenhall syndrome 


3. Diseases of exocrine pancreas: Pancreatitis, trauma/ 
pancreatectomy, cystic fibrosis, fibrocalcific pancreatic 
disease, hemochromatosis 


4. Genetic syndromes: Turner, Klinefelter, Down, Prader- 
Willi, Wolfram, Laurence-Moon-Bardet-Bied! syndromes 


5. Endocrinopathies: Growth hormone excess, Cushing 
syndrome, hyperthyroidism 


6. Drug or chemical induced: Steroids, L-asparaginase, 
cyclosporine, tacrolimus, interferon, pentamidine, 
thiazides, diazoxide, phenytoin 


7. Infections: Congenital rubella, cytomegalovirus 


8. Uncommon forms: Stiff-man syndrome, anti-insulin 
receptor antibodies 


IV. Gestational diabetes 


Diabetes diagnosed in the second and third trimesters of 
pregnancy that is clearly not overt diabetes 


- Table 18.39: Differentiating features of common causes of diabetes in children 


Type 2 diabetes mellitus Maturity onset diabetes of the 
young (MODY) 
Post-pubertal; adults and 


adolescents 


Post-pubertal; adults 
and adolescents 


Insidious Insidious 
5-25 % Less than 5% 
75-90% 100% 

More than 90% Unusual 
Usually present Absent 
Variable Variable 
High, normal Low-normal 
Low Normal 
Unusual Negative 


Diet, metformin Diet, sulfonylurea 
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the initial stage of type 2 diabetes and autoantibodies are 
positive in only 60% of Indian children with type 1 
diabetes. 


Type 1 Diabetes Mellitus 


Type 1 diabetes is the commonest form of childhood 
diabetes characterized by insulin deficiency due to 
damage to beta cells of pancreas. The disorder requires 
lifelong insulin replacement. 


Epidemiology 


There is a significant geographic variation in the incidence 
of type 1 diabetes. Scandinavia has the highest incidence, 
with Finland having the incidence of 35/100,000/year. 
Indian data suggest an incidence of 10.5/100,000/year. 
Type 1 diabetes can occur at any age but has two 
discernible age peaks of higher incidence. The first peak 
occurs around 5 to 7 years is related to exposure to viral 
infections, while the second peak around puberty is linked 
to increase in GH and sex steroids. 


Pathogenesis 


Children born to parents with type 1 diabetes have a 
higher risk of developing the disease. The risk is higher, 
if the affected parent is father (7% compared to 4%, if 
mother is affected). If a sibling is affected, the risk is 6% 
when the onset is before 10 years of age and 3% thereafter. 
The role of heredity is less significant in type 1 diabetes 
compared to type 2. In studies on identical twins, 
concordance rates of only 30-40% have been reported for 
type 1 diabetes suggesting that factors other than heredity 
play an important role in the pathogenesis of the disease. 


The most important genetic focus for type 1 diabetes 
lies in chromosome 6 and is linked with expression of HLA 
antigens. HLA-DR3 and DR4 have emerged as important 
determinants of developing type 1 diabetes. Other genes 
implicated in pathogenesis include insulin gene and 
cytotoxic T lymphocyte antigen 4 (CTLA4). Together these 
genes can explain around 60% heritability of type 1 


diabetes. Protection against the disease is provided by the 
HLA-DR2 haplotype. 


Infections predisposing to type 1 diabetes include 
mumps, coxsackievirus, cytomegalovirus and rubella 
(congenital rubella syndrome). Rodenticides have been 
implicated in the development of diabetic ketoacidosis in 
Korea. There is increasing evidence that early introduction 
of cow's milk protein may be an important factor in the 
subsequent development of diabetes in genetically 


susceptible infants. This has led to delayed introduction 
of cow's milk in infants. 


There is substantial evidence for autoimmunity in type 
1 diabetes. Lymphocytic infiltration around the beta cells 
is found on autopsy of individuals of type 1 diabetes who 
die due to incidental causes. At diagnosis, 70-80% of white 
children with type 1 diabetes have islet cell antibodies 


antibodies usually predate the clinica 
ceca insulin-dependent diabetes mellitus by 
few months or years. This suggests that they play a major 
role during the initial pathogenesis of the disease. The 
prevalence of antibodies in newly diagnosed Indian 
children with type 1 diabetes is substantially lower, 


Clinical Features 


Children and adolescents usually present with symptoms 
of diabetes that are ongoing for a month or two prior to 
seeking physician's contact, with an acute increase jn 
symptoms over the previous week. Symptoms of type | 
diabetes include polyuria, nocturia, enuresis, polydipsia, 
recent weight loss, polyphagia and fatigue. Recent acute 
infection is often noted at presentation. Unfortunately, 
these symptoms are often ignored resulting in delayed 
diagnosis. 


Course of Iliness 


Most children respond to insulin therapy. Once insulin is 
initiated, blood sugars gradually decline. Often, after 
around a week of insulin therapy, the need for exogenous 
insulin declines, due to a transient recovery of insulin 
secretion. This phase is called the "honeymoon phase of 
diabetes". Some children may be completely insulin-free 
during this time. This phase lasts from a few days toa 
month, and rarely to one year. The need for insulin 
gradually increases till such time when the pancreas can 
no longer secrete insulin. At this point, the daily insulin 
requirement plateaus at around 0.8-1 unit/kg/day. 


Ambulatory Care 


Day-to-day management of type 1 diabetes invelves 
medical management of glycemic control, and avoid ince 
of acute complications and prevention of chronic 
complications on one hand and achieving social, scholastic 
and psychological goals of the child on the other. 
Comprehensive education and ongoing involvemeni with 
the family is mandatory. Teamwork approach with 
pediatrician / endocrinologists, diabetic nurse educator, 
social worker and nutritionist is essential. 


Insulin 


Insulin is the cornerstone of type 1 diabetes management. 
The body secretes insulin at a basal rate with intermittent 
secretion with meals. The aim of management is to mimic 
this pattern as best as possible. 


Dose: Insulin dose is guided by pubertal status with lower 
dose for prepubertal children (0.6 unit/ kg /day) compa red 
to pubertal (1.0-1.2 unit/kg/day) and post-pubertal 
children (1.0 unit/kg/day). In the post-ketoacidosis phas® 
the dose may be as high as 2-2.5 unit/kg/day. 


Preparations: Chemical modifications of insulin alter their 
action profile providing flexibility in tailor made insulin 
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Table 18.40: Pharmacokinetic profile of insulin preparations = | 
Preparation Onset Peak Duration Indications 
Rrapid-acting 
Lispro 5-10 min 1-3 hours 3—4 hours Small child on mixed split regimen, insulin pump, 
Aspart 5-10 min 1-3 hours 3-5 hours Multiple daily injections (MDI) 
Short-acting 
Regular 30-60 min 2—4 hours 5-8 hours Diabetic ketoacidosis (DKA), mixed split regimen 
Intermediate-acting 
NPH 1—2 hours 2-8 hours 16-24 hours Mixed split regimen, basal bolus regimen 
Long-acting 
Glargine 2—4 hours Peakless 20-24 hours Basal insulin 
Detemir 1—2 hours 6—12 hours 20-24 hours Basal insulin, mixed split regimen 
Degludec 0.5—1 hours Peakless >24 hours Basal insulin 


regimen. Currently all available forms of insulin are 
derived by recombinant DNA technology (Table 18.40). 


Short-acting (regular) insulin: Regular insulin that is 
structurally the same as natural insulin, is the agent of 
choice for IV infusion while managing diabetic 
ketoacidosis (DKA). On subcutaneous administration, the 
medication forms hexamers in the skin, delaying onset of 
action by 30-60 minutes. Regular insulin should hence be 
given 30 minutes before a meal, which may be a problem 
in young children and toddlers with unpredictable eating 
patterns. The longer duration of action is helpful, if there 
is a substantial gap between meals especially in school- 
going children who have early breakfast and late lunch, 


Rapid-acting insulins (lispro, aspart and glulisine): These 
insulins do not form hexamers after injection and have 
immediate onset of action. They are ideal for toddlers with 
irregular eating patterns and can be given even after a 
meal. They provide better post-meal glycemic control 
compared to regular insulin and reduce the risk of 
hypoglycemia. Insulin analogs are, however, expensive 
and provide inadequate lunchtime cover on a two- 
injection regime. 

Intermediate-acting insulin (NPH): NPH is a chemically 
modified insulin (protamine) with prolonged duration of 
action of 12-18 hours. It is traditionally used with short- 
acting insulin for mixed split regime, but has significant 
intra-individual variability in absorption resulting in 
fluctuating glycemic control. 

Long-acting insulin (glargine, detemir and degludec): 


These long-acting forms provide peakless cover for 
18-36 hours. They are useful as basal insulin in basal bolus 


regimen. 


Insulin Regimen 


The decision about the choice of insulin regimen is 
dependent on age, socioeconomic status and level of 
glucose control of a child. A physiological regimen with 


multiple daily injections is preferred in most children with 
the exception in a resource-poor setting where a 
conventional regimen is more practical. 


Basal bolus regimen: Basal bolus regimen mimics 
physiological insulin secretion with the use of a long-acting 
basal insulin (detemir or glargine, 40-50% of total daily 
dose) and mealtime rapid-acting analog (aspart, glulisine 
or lispro, 50-60% of total daily dose, Fig. 18.30). The 
mealtime dose is distributed over 3-5 times a day 
depending on the diet pattern of the child. This regimen 
offers flexibility, as changes in mealtimes do not cause 
significant fluctuations in glycemic control. The risk of 
hypoglycemia is also lower compared to mixed split 


regimen. 


Mixed split regimen (two or three injections per day, 
Fig. 18.31): This involves the combination of short- and 
intermediate-acting insulin mixed at the time of injection. 
The injections are given before breakfast (two-thirds of 
daily dose) and before dinner (one-third of daily dose). 
The ratio of short- to intermediate-acting insulin is 1 to 2. 
This regimen has the advantage of less frequent injections 
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Fig. 18.30: Basal bolus regimen. Intermediate- (NPH) or long- 
acting insulin (glargine or detemir) is given before dinner or at 
bedtime (40-50% of total daily dose; black arrow). Rapid- or 
short-acting Insulin (aspart or lispro) is given before each meal 
(50-60% of total daily dose; biue arrows) 
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Fig. 18.31: Mixed split regimen. Insulin Is given before breakfast 
(wo-thirds of daily dose) and dinner (one-third of dally dose). 
Each Injection ls a combination of Intermediate- or long-acting 
(NPH or detemir; two-thirds of the total dose: black arrows) and 
short- (regular) or rapid-acting Insulin {lispro or aspart, one-third 
of the total dose; blue arrows). Regular meal pattern Is required 
to prevent hypoglycemia 
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Fig. 18.32: Modified mixed split regimen. The night-time 
intermediate-acting Insulin has been shifted from before dinner 
to bedtime. This Is indicated In the presence of nocturnal 
hypoglycemia and high pre-breakfast blood glucose levels, 
Delayed peak of intermediate-acting Insulin reduces the risk of 
nocturnal hypoglycemia on one hand while providing 
reasonable cover for moming hyperglycemia 


and lower cost. The regimen requires rigid dietary control 
and strict lifestyle with regular mealtimes and snacks. In 
a variation of the regimen, the intermediate-acting insulin 
is shifted to bedtime to prevent nocturnal hypoglycemia 
and morning hyperglycemia (Fig. 18.32). 


Continuous subcutaneous insulin infusion (insulin pump): 
Insulin pump is an external device that infuses insulin at 
a predetermined rate with additional boluses given at 
mealtime. The basal dose can be adjusted for different 
times of the day and boluses tailored to different amount 
and types of meals to provide good glycemic control with 
limited glycemic variability. Insulin pump is superior to 
basal bolus regimen in terms of insulin requirement, 
glycemic variability and weight gain. Closed loop systems 
and insulin pumps with capability to detect blood sugar 
levels and infusing desired amount of insulin, are expected 
to be available soon and provide physiological glycemic 
control. 
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Diabetes Education 

Structured diabetes education is mandatory for th, 
management of diabetes in children. Key areas ty be 
covered In the program include pathophysiolopy oy 
diabetes, insulin use, sick day management, hy poglycerp; a 
nutrition, physical activity and sacial issues (Table 14.41) 


Nutritional Managernent 


The key to successful nutritional management in type | 
diabetes is flexibility. Overzealous control [5 associated 
with rebellious behavior and dietary indiscretion, There 
is no ‘diabetic diet’ for children and they should be 
encouraged to have a normal healthy dict. Importaney 
should be given to consistency of mealtimings. Dietary 
exchanges and a ‘nutritional pyramid approach’ are useful 
in providing variety for children. Occasional treats during 
special occasions and eating out are allowed, if covered 
appropriately with insulin (Table 18.42). 


Monitoring 


Self-monitoring of blood glucose (SMBG):SMBG is critical 
for management of type 1 diabetes. It should ideally be 
done before each meal and at bedtime. Post-mea! and 
midnight blood sugars are measured as required, adjusted 
according to the patient age (Table 18.43). In children with 
significant glycemic variability, continuous glucose 
monitoring system (CGMS) provides information about 
glycemic control every 5 minutes over a 72-hour period 
to help decide about insulin adjustment. 


Hemoglobin Alc: HbAI1c is a marker of glycemic control 
over previous 3 months and is the best predictur o! long- 
term complications. Target levels for HbAI¢c are less than 
7.9% in children and adolescents. These levels may be 
falsely low in children with sickle cell disease iron 
deficiency and increased red cell turnover as in hermulvti¢ 
anemia. Falsely elevated HbAlc levels are seen with 
uremia and high dose aspirin treatment. 


Follow-Up 


Children with diabetes should be followed every three 
months or more frequently as needed. Clinical asses+men 
should include assessment of growth, puberty. bloud 
glucose levels, and examination of injection sites and care 
of feet. Children with persistent hypoglycemia should be 
evaluated for adrenal insufficiency, hypathyrowismt 
celiac disease and diabetic nephropathy with decreased 
insulin excretion. Puberty is associated with an increase 
in insulin requirement due to the effect of sex hormones 
and GH. The requirement further increases in adolescenS 
with obesity. 


Sick Day Care 


. E , . t 
Key aspects of sick day management include frequen 
blood glucose monitoring, regular fluid intake i 
treatment of the intercurrent illnesses. Insulin require™ 
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Table 18.41: Diabotic education 
Category Should know 


May know 
Disease Diabetes is a lifelong disease Role of insulin as life-saving therapy 
Normal outcome is possible with Differences of type 1 vs. 2 diabetes 
appropriate therapy Pathophysiology of diabetes 


Optional 

Glucose homeostasis 
Disoaso classification 
Rolo of autoimmunity 





Complications Disease associations 
Treatment Insulin is the only mode of treatment —_ Insulin preparations Insulin ragimens 
Daily injections are a must Time course of injections Insulin pumps 
Physical activities Injection devices Newer insulins 
No alternative medicine Exercise and sports Competitive sports 
Skills 


Hope for the future 
Insulin storage Glycemic targets 


Insulin changes 
Ketone monitoring 


Drawing up and mixing of insulin 
Insulin injection techniques 
Self blood glucose testing 
Diabetes diary and log 
Nutrition Healthy eating 
Avoid simple sugars 
Mid-meal snacks 
Follow-up Honeymoon phase 
Hypoglycemia 
Sick day guidelines 


Ketone monitoring 
Glucagon injection 


RDA for age Carbohydrate counting 


Food exchanges Insulin to carb ratio 
High fiber intake Glycemic index 
Role of HbA1c CBGM 
Complication 
Physical activity 
DKA prevention 
CBGM: Continuous blood glucose monitoring; DKA: Diabetic ketoacidosis; RDA: Recommended dietary allowances 


Transplantation 
Career counseling 


Table 18.42: Nutritional guidelines for type 1 diabetes 
Component 


Recommendation Implication 
Energy 100% of RDA No restriction 
Carbohydrate 50-55% of calories No restriction 
Low GI carbohydrate Moderate sugar intake 
Fat 25-40% of energy Less saturated fat 
Saturated <10% of total energy Less red meat, whole milk 
Polyunsaturated <10% of total energy 
Monounsaturated >10% of total energy 
Cholesterol! <300 mg/day 
Protein 10-15% of calories No restriction 
Fiber More than 10 g/day More fruits, vegetables 
Table 18.43: Age-related glycemic targets 
Target <6 years 6—12 years >12 years 
lucose 
eal 100-180 mg/dL 70-180 mg/dL 70-130 mg/dL 
Bedtime 110-200 mg/dL 100-180 mg/dL 90-140 mg/dL 
HbA1c Less than 8% Less than 7.5% Less than 7.5% 


1. +]Iness but may decrease between 80 and 270 mg/ dL. Blood ketones should be 
ee a tien pgenyars should never measured, if blood glucose is more than 270 mpi dt 
be omitted in oe children with type 1 diabetes. Inchildren Children with moderate ketosis (blood NEON betw ee 
with blood glucose less than 80 mg/dL, rapid-acting tland1.5 mmol/ L) should be given extra regu or a a 
insulin sta be withheld and the dose of intermediate- (10% of total daily dose). Impending DKA eee e se 
acting insulin is reduced by 70-30%. No extra insulin is >1.5 mmol/L) is managed with extra fou Hs ice 
requied in children with febrile illness andblood glucose _ insulin (15-20% of total daily) and hourly blood glucos 





ae haa ede 
IOS ¢ > 


"roe 
v —~* a - = 
ex a td 
a a 
~ “« - : 


Fate msuim 5% of Extra nsuinm 10% 


: 

Extra insulin 20% of TDD | 

Boo’ glucose Blood aia Hourly glucose, ketone 
arer 2 hours after 1 hour peewee cece ah | 


Fig. 18.33: Guicelines for sick day management in children 
won type 1 diabefes metus. TDD toicl daily dose 


morutoring (Fig. 18.33). The child should be hospitalized, 
if recurrent vomiting, poor oral intake and persistent 


hyper- or hypoglycemia are present. 
Hypoglycemia 


Hypoglycemia is common in children with diabetes and 
is an impediment to glycemic control. It should be 
considered in presence of autonomic (e.g. sweating, 
palpitations, tremor, hunger) or neuroglycopenic 
symptoms (e.g. headache, confusion, drowsiness, seizures). 
Children with hypoglycemia should immediately receive 
15-20 g of rapidly absorbed glucose, followed by long- 
acting carbohydrate. Severe hypoglycemia is a medical 
emergency and should be treated with injectable glucagon 
(150 g/kg) or intravenous dextrose. 


Diabetic Ketoacidosis 

DKA is the most severe acute complication of diabetes 
mellitus. Previously believed to be limited to subjects with 
type 1 diabetes, DKA is increasingly observed in type 2 
diabetes and MODY. Early identification and management 
are essential to limit the extent of mortality and morbidity 
associated with DKA. Thirty to forty percent of freshly 
diagnosed children with type 1 diabetes present with 
DKA. Although epidemiological data from India is 
lacking, the figure is higher than the developed countries. 


Pathophyslology 

DKA is the end result of absolute or relative insulin 
deficiency combined with excess of counter-regulatory 
hormones such as glucagon, catecholamines, cortisol and 
GH (Fig. 18.34). DKA is usually precipitated by infection, 
stress and trauma, and conditions associated with 
increased insulin requirement and higher level of counter- 
regulatory hormones. These hormonal alterations result 
in hyperglycemia and lipolysis resulting in increased free 
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Fig. 18.34: Pathopnysiciogy of ciacetic (oockKs. GH grown 
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fatty acid production. Oxidation of fatty acids in liver 
generates B-hydroxybutyrate and acetoacetic acid 
(ketones). Accumulation of ketoacids produces acidosis 
resulting in Kussmaul breathing (acidosis), abdominal 
pain (acidosis) and fruity odor of breath (acetone). 
Hyperglycemia results in increased urinary water losses 
due to osmotic diuresis and dehydration. Acidosis causes 
shift of intracellular ions, most importantly potassium and 
phosphate, to the extracellular compartment. However, 
serum levels of potassium are variable, depending on the 
stage of DKA. Initially, serum potassium levels are high; 
as therapy with insulin is initiated, the patient becomes 
hypokalemic. Hyperglycemia also falsely lowers serum 
sodium resulting in pseudohyponatremia; each 100 mg/dL 
elevation in blood sugar lowers sodium by 1.6 mEq/L. 


When fo Suspect 

There is need for high index of suspicion for DKA and it 

should be considered in the differentia] diagnosis of ‘ne 

following: 

e Encephalopathy: CNS infections, severe maisria, 
poisoning 

¢ Acute abdomen: Pancreatitis, appendicitis 

¢ Dehydration: Gastroenteritis 

¢ Tachypnea: Bronchial asthma, pneumonia 

© Hyperglycemia with acidosis without ketosis: Renal fai-ure, 
septicemia 

© Ketoacidosis without hyperglycemia: Starvation, salicylate 
poisoning, organic acidemia 


Criteria for Diagnosis 

DKA should be diagnosed in presence of all of the 
following: (i) hyperglycemia (glucose >200 mg/dL); 
(ii) metabolic acidosis (pH <7.3, bicarbonate <15 mEq/L); 
and (iii) ketosis (blood ketone >1.5 mmol/L, or urine 


ketone >2+). 


Management 
DKA is a life-threatening condition an 
managed in a hospital equipped with 


d should be 
facilities for 
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intravenous infusion and measurement of blood gas and 
electrolytes. Children younger than 2 years of age and 
those with severe DKA should be managed in an ICU, 


Evaluation 


Clinical: Initial evaluation should be guided towards 
assessment of adequacy of airway, breathing and 
circulation. Level of dehydration is ascertained along with 
hemodynamic status. Careful neurological evaluation 
including assessment of level of consciousness, pupils 
(dilated fixed in presence of cerebral herniation), cranial 
nerves (sixth nerve palsy suggests cerebral edema) and 


deep tendon reflexes (brisk if raised intracranial tension) 
is mandatory. 


Investigations 


Serum sodium: There is usually a significant sodium deficit 
(4-6 mEq/kg). The sodium levels are falsely reduced in 
hyperglycemia mandating the need to use corrected 
sodium. Rapid decline in serum sodium is a risk factor 
for cerebral edema. 


Serum potassium: There is substantial intracellular 
potassium deficit (3-6 mEq/kg). Serum levels are, however, 
normal or high due to extrusion of intracellular potassium 
due to acidosis and insulin deficiency. Treatment of DKA 
is associated with the risk of hypokalemia due to its 
intracellular shift following reversal of metabolic acidosis 
and correction of insulin deficiency. 


Serum phosphate: Usually there is significant phosphate 
deficit. 


Infection screening: Transient leukocytosis is common; 
infection should be considered in presence of persistent 
leukocytosis and fever. 


Renal function tests: High blood urea usually indicates 
severe DKA. 


Electrocardiography;: This is often done to screen for hypo- 
or hyperkalemia. 


Management 


Initial stabilization: The child should be assessed for 
adequacy of airway, breathing and circulation. Initial 
fluid bolus of 10 mL/kg normal saline over 1-hour should 
be given in children with dehydration (Fig. 18,35). 
Oxygen and respiratory support should be provided if 
required, The child should be kept nil by mouth with 
insertion of nasogastric tube and urinary catheter, if 
unconscious. 


Fluid therapy: Fluid therapy is the mainstay of trea tment 
for DKA. However, rapid and excessive fluid intake is a 
nsk factor for developing cerebral edema. The aim is to 
Provide maintenance requirement and deficit evenly over 
48 hours (72 hours for children with high plasma 


Asseaa alway, braathing and cinulation 
Oxygen, fluld bolus (10 mL/kg) 





Fluid; Maintenance and daficl nyer AA hours 
0.46% Ballina with KCI AD mimoi/t, 
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Fig. 18.35: Management of dlabelle ketoacidosis, “CI 
potassium chloride; SC subculaneous 


osmolality). In most children the (Mule deflelt 16 5-10'%, 
Fluid requirement Is usually around 3-3,5 I/in?/day 
(Table 18.44), Care is taken to avold flild adininistration 
of more than 4 L/m?/day due to risk of cerebral edema, 
The amount of fluids given at other centers prior to referral 
should also be considered while caleulating fluid 
requirements, 


Insulin: Insulin should be administered after Inithal 
hydration as blood glucose levels fall rapidly even without 
insulin, Early insulin treatment is associnted with drastic 
fallin plasma osmolality, hypokalemia and increaned rink 
of cerebral edema, 


Continuous intravenous infusion is (he preferred route. 
The intravenous tubing should be flushed with insulin as 
insulin binds to plastic tube, There in no role of initial 
insulin bolus. Insulin infusion should be started at 
0.1 unit/kg/hr. In infants and imild DKA, the infusion rate 
should be kept at 0.05 unit/kp/hr. The dose should be 
increased if fall in glucose is less than 50 my /dL/he. The 
dose is increased in quantum of 0.021U/ky/he, The insulin 
infusion rate should be reduced only after resolution of 
acidosis, 

If facility for intravenous insulin is not available, 
intramuscular regular insulin may be used. ‘The first dose 
is 0.3 unit/kg followed by 0.1 unit/kp hourly, Recurrent 
intravenous boluses of insulin should be avoided due to 
the risk for cerebral edema. Subcutaneous insulin fs not 
recommended due to decreased absorption in the setting 
Of poor perfusion, 


Serum sodinm: Most patients have significant sodium 
deficits (4-6 mEq/kg), Slow rise in sodium in patients with 
rapid fall in glucose is a rink factor for cerebral edema, 
Normal saline (154 mEq/l.) should be used in the frst 
6 hours of therapy; thereafter the sodium content should 
be between 77 and 154 mEq/L. 
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Welght Level of dehydration Weight Level of dehydration 
Mild/nil Moderate Severe Mild/nil Moderate Severe 
5 kg 24 27 31 38 kg 101 125 156 
7 kg 33 38 43 40 kg 104 129 162 
8 kg 38 43 50 42 kg 107 133 168 
10 kg 48 54 62 44 kg 110 137 174 
12 kg 53 60 70 46 kg 113 141 180 
14 kg 58 67 79 48 kg 116 146 186 
16 kg 64 74 87 50 kg 119 150 191 
18 kg 70 80 95 52 kg 122 154 197 
20 kg 75 87 104 54 kg 124 158 203 
22 kg 78 94 110 56 kg 127 162 208 
24 kg 80 95 115 58 kg 130 167 214 
26 kg 83 100 121 60 kg 133 171 220 
28 kg 86 104 127 62 kg 136 175 226 
30 kg 89 108 133 64 kg 139 179 232 
32 kg 92 112 139 66 kg 142 183 238 
34 kg 95 116 145 68 kg 145 187 244 
36 kg 98 120 151 70 kg 148 191 250 


Serum potassium: Although there is deficit in total body 
potassium, extracellular potassium levels may initially be 
high due to acidosis and insulin deficiency. There is a risk 
of life-threatening hypokalemia following correction of 
insulin deficiency and resolution of metabolic acidosis. In 
patients with initial potassium levels less than 3.5 mEq/ 
L, potassium replacement should precede administration 
of insulin. In other situations potassium replacement is 
begun, at a concentration of 40 mEq/L, after initial 
hydration at the time of initiation of insulin infusion. 
Potassium should not be administered if the level is 
>6 mEq/L, the patient is anuric or ECG changes of 
hyperkalemia are present. 


Dextrose: Hyperglycemia resolves prior to correction of 
acidosis. Decreasing insulin infusion rate with lowering 
of blood glucose is not recommended since that would 
prolong the duration of acidosis. Dextrose (5%) is therefore 
added to intravenous fluids once blood glucose levels fall 
below <270 mg/dL. 


Acid-base management; Alkali treatment should be 
avoided as it poses risks for cerebral edema, lactic acidosis 
and hypokalemia. It is considered only if pH is less than 
6.9 with hemodynamic compromise or if there is severe 
hyperkalemia (serum potassium >6.5 mEq/L with ECG 
changes). 


Monitoring 


Careful clinical and laboratory monitoring is necessary. 
This should include hourly monitoring of neurological 
status, heart rate, blood pressure and fluid input/output. 
Laboratory monitoring includes hourly blood glucose and 


four-hourly blood ketone, pH, bicarbonate and electrolytes 
(Table 18.45). 


Discontinuation of acute treatment: Subcutaneous insulin 
should be considered once the patient is conscious, ready 
to accept orally and has resolution of acidosis. Regular or 
rapid acting insulin (0.25 unit/kg) should be given 
30 minutes before eating. Alternatively the child may be 
started on a basal bolus or mixed split regime. Insulin 
infusion should be stopped only 30 minutes after insulin 
to provide overlap, and avoid recurrence of hyperglycemia. 


Complications of DKA 


DKA is a life-threatening condition with potential for 
significant long-term morbidity. Timely identification and 
treatment of these complications are essential (Table 15.46). 


Cerebral edema: Cerebral edema is the most serious 
complication of DKA and the most common cause of 
death. The incidence of clinical cerebral edema is 0.5-1.0% 
in developed countries, but is higher in India. Risk factors 
include age less than 5 years, severe acidosis, insulin bolus, 
excessive hydration and alkali treatment. Cerebral edema 
usually presents at 4-12 hours following treatment, but 
may be present at diagnosis. The condition is suspected 
in presence of persistent hemodynamic instability oT 
worsening in clinical condition after initial improvement. 
Early pointers include headache, vomiting, drowsiness: 
irritability, and hypertension with bradycardia. Sever® 
cerebral edema is indicated by unconsciousness, foc4 
neurological deficits, papilledema and fixed dilated 
pupils. The diagnosis is clinical and there is no need for 
confirmation by imaging. Children with suspecte 


Endocrine and Metabolic Disorders 


— 


i Table 18.45: Laboratory parameters and response to treatment in DKA 


parameter = Expected Concern 

Blood sugar Decrease by 50-100 mg/dL/hour Decline >100 mg/dL/hour 
Decline <50 mg/dL/nour 

Blood pH Resolution by 12 hours Persistent at 12 hours 

Serum sodium Increase Increase <2 mmol/L/hour 

Serum Gradual decrease Hypokalemia 

potassium 

Anion gap Resolution by 12 hours Elevated at 12 hours 

Plasma Stable Decrease by >2 mOsm/ 

osmolality kg/hour 

Blood urea Decrease Persistently elevated 

‘J Table 18.46: Complications of DKA 

Acute Chronic 


Cerebral edema 

Infections: Bacterial, fungal 
Hypoglycemia 
Hypokalemia 

Acute respiratory distress 
syndrome 

Venous thrombosis 


Growth hormone deficiency 
Mental retardation 
Diabetes insipidus 


cerebral edema should be immediately treated with 
intravenous mannitol (5 mL/kg) followed by fluid 
restriction and head end elevation. 


Infections: Bacterial and fungal infections are common, 
Indicators include persistent fever, leukocytosis, black 
nasal discharge (rhinocerebral mucormycosis) and 
hemoptysis (pulmonary aspergillosis). 


Hyperosmolar Non-Ketotic State 


This condition is characterized by severe hyperglycemia 
(usually >600 mg/dL), hyperosmolality (>350 mOsm/kg), 
low plasma ketones (negative or positive at <1:2 dilution) 
and severe dehydration. Although chiefly a complication 
of type 2 mellitus, it can occur in type I diabetes if insulin 
IS present to prevent ketoacidosis, but is insufficient to 
control the blood sugar. Management is similar to DKA 
with a need for slower dehydration correction, more fluids 
and lower insulin requirement. 


Long-term Complications of Type 1 Diabetes 


Regular screening for long-term complications is essential 
for their early identification, prevention and appropriate 
treatment (Table 18.47). Screening for complications should 
be started after 5 years of diagnosis if the onset of diabetes 
is before puberty, and 2 years if diagnosed in puberty. 
Lipoatrophy is fat atrophy at the injection site. This can 
be prevented by rotation of injection sites. 

Limited joint mobility, due to flexion contractures of 
Metacarpophalangeal and proximal interphalangeal joints, 
'S typically noted in the hands. 


Action 


Add dextrose to IV hydration fluid 
Prepare fresh infusion, flush tubing with insulin 


Exclude infection, shock, lactic acidosis 
Increase sodium concentration In IV fluid 
Increase potassium concentration in IV fluid 





Exclude lactic acidosis, consider infection 


Increase sodium concentration, decrease fluid 
rate 


Exclude renal failure 


Growth failure occurs in children whose diabetes is not 
well controlled. Mauriac syndrome occurs with poor 
control of diabetes and is characterized by hepatomegaly, 
pale skin and extreme short stature. 


Delayed puberty is associated with inadequate control of 
diabetes and delayed bone age. 


Hypoglycemic unawareness is caused by frequent 
hypoglycemia associated with tight metabolic control of 
diabetes. It is due to impaired counter-regulatory response 
to hypoglycemia. Raising blood sugar targets and 
prevention of hypoglycemia usually causes reversal of 
hypoglycemic unawareness. 


Retinopathy is characterized by microaneurysms and 
proliferative disease. Earlier 80-90% individuals developed 
eye disease by 15 years of diabetes. With intensive 
management of diabetes this complication is delayed to 
beyond childhood. Ophthalmologic examination should 
be conducted once the child is more than 10-year-old and 
has had diabetes for 3-5 years. Annual follow-up is 
suggested. 


Peripheral neuropathy is unusual in children and 
adolescents. This results in decreased nerve conduction 
velocity and sensory changes. An abnormality in vibration 
perception may be the first finding. 


Nephropathy is defined by presence of albumin in the 
urine. Annual screening for microalbuminuria is initiated 
once the child is 10 years of age or has had diabetes for 
5 years. If screening shows elevated ratio of spot urine 
microalbumin to creatinine, 24 hours urine microalbumin 
is estimated. Patients with significant microalbuminuria 
should receive ACE inhibitors to delay the progression of 
nephropathy. 


Dyslipidemia: Fasting lipid profile is performed on all 
children more than 2-year-old at time of diagnosis (after 
glucose control is achieved), or if there is family history 
of high cholesterol (>240 mg/dL) and/or a cardiovascular 
event before 55 years. If there are no concerns of hyper- 
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‘Table 18.47: Screening for complications in children with type Ns 


| Complications Indications Procedures Management 
Retinopathy First eye examination after Initial examination of dilated Improvement In diabetes contro] 
3 months of diagnosis; fundus Laser troatmont for visual loae 
screening after 11 years 
Prepubertal Duration of diabetes >5 years 
from onset 
Pubertal Duration of diabetes >2 years 
from diagnosis 
Nephropathy Annual screening after 11 years Annual screening for micro Improvement In dlabotes control 
Prepubertal Duration of diabetes >5 years albuminuria: Albumin excretion Control of blood pressure 
from onset rate (AER) 20-200 g/min or = ACE Inhibitors to roduco protolnurla 
Pubertal Duration of diabetes >2 years AER 30-300 mg/day 
from diagnosis 
Hypothyroidism At diagnosis; thereafter every Serum TSH and FT, estimation Thyroxine therapy 
2 years Thyroid autoantibodies 
Hyperlipidemia Annual screening after 12 years Serum lipid profile Strict diet control 
Prepubertal At diagnosis; thereafter every 5 years Statins 
Pubertal At diagnosis; thereafter every 2 years 


lipidemia in the family, screening is performed after onset 
of puberty (>12 years). For pubertal children (>12-year- 
old), a fasting lipid profile is performed at diagnosis after 
glucose control is achieved. If LDL is <100 mg/dL, lipid 
profile is repeated every 5 years. If lipids are abnormal, 
annual monitoring is recommended in both age groups. 
Intervention is needed if fasting LDL >100 mg/dL, initially 
by dietary modification with decrease in saturated fat in 
diet. A pharmacologic agent is added for LDL >160 mg/ 
dL, and in patients at risk of cardiovascular disease and 
LDL values 130-159 mg/dL after initiation of dietary 
changes and lifestyle intervention. The goal of therapy is 
LDL level <100 mg/dL. 


Hope for Future 


Given the need for lifelong treatment in type 1 diabetes, 
it is only expected that most patients seek permanent 
cure from the malady. Unfortunately no such cure is 
available at the moment. The efforts at developing cure 
for type 1 diabetes are directed towards reversing the 
autoimmune process or restoration of B-cell mass. 
Immunosuppressive agents (steroids, cyclosporine A, 
azathioprine, anti-thymocyte globulin and anti-CD3 
antibody) have resulted in only partial and transient 
response. These strategies are limited by the fact that over 
95% of B-cell mass is destroyed by the time of diagnosis 
of the disease. The other, more appealing approach for 
cure for type 1 diabetes mellitus, involves restoration of 
B-cell mass using pancreatic, islet cell or stem cell 
transplantation. Pancreatic transplant is a major 
endeavor requiring long-term immunosuppression and 
is not recommended in adolescents with type 1 diabetes. 
Studies have failed to show long-term remission with 
islet cell or stem cell transplantation. 


Type 2 Diabetes Mellitus 


Type 2 diabetes in children and adolescents is increasing 
rapidly with the advent of childhood obesity epidemic. 
The disorder presents with milder symptoms than type 1 
diabetes though DKA can develop occasionally. Diapnosis 
is established based on presence of obesity, acanthosis 
nigricans, elevated insulin levels, normal C-peptide, and 
lack of glutamic acid decarboxylase (GAD) antibodies. 
Lifestyle measures and metformin are the mainstay of 
treatment. Adolescent type 2 diabetes, however, hus an 
aggressive course compared to adult type 2 diabetes, with 
faster loss of cell function. Children who presen with 
ketosis are treated with insulin initially and transitioned 
to oral hypoglycemic agents once endogenous 4:)1cose 
secretion recovers. These children and adolescents «}:0uld 
be evaluated for hyperlipidemia, diabetic retinopath , and 
nephropathy at diagnosis. It is recommended that ¢l!dren 
at risk of type 2 diabetes be regularly screened for disletes. 


Monogenic Diabetes of Young (MODY) 


MODY represents a group of inherited conditions 
characterized by impaired cell function. The disorder 
presents with relatively mild, non-ketotic diabetes in a lean 
individual with strong family history of diabetes a ffecting 
three generations. The condition responds to lifestyle 
measures and low doses of sulfonylurea. 


Neonatal Diabetes Mellitus 


Onset of diabetes before three months of life sugges 
neonatal diabetes. It is a challenging condition requiring 
meticulous monitoring and treatment. The disease 
represents transient cell dysfunction (transient Laie 
diabetes), permanent insulin secretion defect ( permanet’ 
neonatal diabetes) or congenital insulin resistan¢ 
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syndrome. The most common cause of permanent ¢ American Diabetes Association position statement: Standards of 
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NEUROLOGICAL DIAGNOSIS 


History 


An accurate history gives insight into the disease process. 
Vascular events often have the most acute onset, 
symptoms being worst at the onset with improvement 
soon after. Acute inflammatory processes like infections 
and acute disseminated encephalomyelitis (ADEM) are 
not as sudden in onset as vascular events. Subacute onset 
is typical of infections like tuberculous meningitis, brain 
abscess and some brain tumors. A relapsing remitting 
course is seen in multiple sclerosis and metabolic diseases. 
A subacute or chronic progressive downhill course is seen 
in degenerative disorders and neoplasms. A history of 
consanguineous marriage or family history of neurological 
disorders suggests a hereditary disorder. 


Development History 

Neurological disorders are often associated with abnormal 
development. A careful history of development milestones 
should be elicited. Age of onset of developmental 
deviation may suggest the onset of disease. Development 
may be abnormal in all or some domains or may regress 
after a period of normal development. Acute insults lead 
to sudden regression of development. 


Clinical Examination 


Methods of examination are modified according to the age 
of the child from adult scheme in older cooperative 
children to play method in younger children. 


Localization of Neurological Lesion 


Neurological lesions are broadly divided into upper and 
lower motor neuron lesions (Table 19.1). The distribution 
of weakness suggests the level of lesion. A spinal lesion 
results in paraplegia or quadriplegia below the level. A 
lesion at or above the brainstem, usually causes 
hemiplegia. Lesions in the brainstem usually cause crossed 
paralysis, i.e. ipsilateral cranial nerve palsy with 
contralateral limb weakness. Lesions in the internal 
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Table 19.1: Localization of neurological disorder 


Upper motor neuron (UMN) 

Cortex Contralateral UMN hemiplegia or mono. 
plegia with UMN facial palsy; with/without 
seizures; spasticity; brisk deep tendon 
reflexes 

Contralateral dense UMN hemiplegia with 


Internal capsule 
UMN facial palsy; spasticity; brisk reflexes 


Brain stem Contralateral UMN hemiplegia with ipsi- 
lateral LMN cranial nerve palsy; spasticity; 
brisk reflexes 

- Spinal cord Quadriplegia or paraplegia 


Lower motor neuron (LMN) 

Anterior horn cells LMN type weakness in spinal segment; 
loss of reflexes; fasciculation 

LMN type weakness in nerve distribution; 
early and complete loss of reflexes 
Weakness and fatigue of ocular and 
pharyngeal muscles 

Weakness, especially proximal; Gower 
sign; depressed deep tendon reflexes 


Neuropathy 


Neuromuscular 
junction 
Muscle 


capsule cause dense contralateral hemiplegia affecting the 
arm more than the leg along with contralateral upper 
motor neuron facial palsy. Lesions in the cortex often cause 
seizures and more localized weakness, such as mono- 
plegia. Acute destructive upper motor neuron lesions, as 
occurs with stroke, may cause flaccidity. 


In lesions of the spinal cord, reflexes are usually lost at 
the level of the lesion. Sudden acute transverse lesions of 
the cord may cause complete loss of all function below 
that level which may last for a few weeks (spinal shock). 
Chronic lesions of the anterior horn cells give rise ' 
fasciculations. Peripheral neuropathy causes weakness 
with early and complete loss of reflexes. Neuromusculat 
junction disorders like myasthenia cause weakness 
extraocular and pharyngeal muscles towards the Jater a 
of the day. Muscle weakness may cause depressed bu 
elicitable reflexes and positive Gower sign, if proxims 


muscles are involved. 
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investigations 


tumbor Puncture 


Examination of cerebrospinal fluid (CSF) is required for 
the diagnosis of CNS infections. The normal CSF is clear, 
colorless and sterile with less than 5 cells (lymphocytes) 

er mm°, protein 20-40 mg/dL and sugar level 
approximately two-thirds of concomitant blood sugar. 
CSF may be examined for antibody levels, culture and 
sensitivity, microbial DNA by polymerase chain reaction 
(PCR), myelin basic protein (in demyelinating disorders), 
and specific metabolites like lactate (in neurometabolic 
disorders). Lumbar puncture should be deferred in 
presence of raised intracranial tension (risk of brain 


herniation), circulatory failure, overlying local infection 
or severe bleeding disorder. 


Ultrasonography 


This bedside procedure is especially useful for newborn 
and infants with open fontanelle. The ventricles, 
periventricular tissues and parts of the cortex are well- 
visualized, whereas the peripheral cortex, subdural spaces 
and posterior fossa are poorly seen. 


Compuferlzed Tomography (CT) 


This is relatively quick and inexpensive compared to 
magnetic resonance imaging. Calcification and bleeding 
are well visualized. Posterior fossa and temporal lobes 
are not visualized well, nor are myelination, migration 
disorders and small cortical dysplasias. 


Magnetic Resonance Imaging (MRI) 


This offers better anatomic detail than CT especially for 
myelination and migration disorders, and vascular and 
congenital abnormalities. Sagittal and coronal views 
provide important information on midline, posterior fossa 
and temporal lobe structures. There is no risk of exposing 
the brain to harmful ionizing radiations. 


Genetic Tests 


Genomic imbalances or copy number variations are 
increasingly recognized as a cause of intellectual disability. 
Techniques used include fluorescent in situ hybridization, 
multiplex ligation-dependent probe amplification (MLPA) 
and chromosomal microarray. While MLPA has a yield 
of 5-10%, microarray, which examines the whole genome, 
yields diagnosis in up to 20% patients with intellectual 
disability with or without dysmorphism. Next generation 
sequencing is an emerging technique that allows detection 
Of single nucleotide changes through the whole genome. 
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SEIZURES AND EPILEPSY 


A seizure is an abnormal peroxysma!l electrical activity m 
the brain resulting in motor, sensory behavioral or 
autonomic manifestations. About 3% children expemence 
a seizure in the first 5 vears of life. A detatled account of 
the sequence of events should be taken Table 192 Ess 
the chief causes of seizures. 


a "Table 19.2: Etiology of seizures 
Neonatal seizures 

Birth asphyxia or trauma 

Intracranial hemorrhage 

Hypoglycemia 

Hypocalcemia or hypomagnesemia 

Infections: Meningitis, sepiicemia, tetanus neonatorum, 
intrauterine infections 

Developmental malformations 

Inborn errors of metabolism 

Pyridoxine dependent seizures 

Matera! withdrawal of medications 

Accidental injection of local anesthetic into fete! sce!p 


Beyond newbom period 
Simple febrile convulsions 
Epilepsy syndromes 
Infections: Bacterial meningitis. intrauterine infection 


tuberculous meningitis, aseptic meningitis, enceph= 
cerebral malana, Reye syndrome 

Metabolic causes: Dyselectrolytemia, hypocalcemia, hyne- 
magnesemia, inborn errors of metabolism 

Space occupying lesions: Neoplasm, brain aoscess, 
tuberculoma, cysticercosis 

Vascular: AV malformations, intracranial thrombesis. 
hemorrhage 


Miscellaneous: Hypertensive encephalopathy, sequelae of birth 
trauma and birth asphyxia, gray matter degeneration, storage 
disorders 


~ 
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Drugs, poisons: Phenothiazines, salicylates, phenytoin, 
strychnine, carbon monoxide, lead 


Status Epilepticus 


Any seizure persisting for more than 30 minutes or multiple 
seizures, irrespective of duration, with no regaining of 
consciousness in between, is termed status epilepticus. A 
single convulsion usually lasts for less than 5 minutes. There 
is a growing opinion that if a convulsion lasts bevond that 
time it should be treated as status epilepticus. Asa corollary, 
if any child is brought convulsing to the emergency, he 
should be treated as status. In over 50% of cases, status 
epilepticus occurs as the patient’s first seizure. Status 
epilepticus is caused by the same entities that cause isolated 
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Fig. 19.1: Sequential drug therapy In ihe management of status 
epilepticus 


seizures. The condition can cause multiorgan dysfunction, 
neurodevelopmental sequelae, and, in 10% cases, death. 
Figure 19.1 summarizes the management of status 
epilepticus. The term refractory slalus epilepticus is used for 
scizures that persist despite the use of benzodiazepine and 
one anticonvulsant in appropriate doses, Seizures that do 


not respond despite 24 hours of anesthesia are termed super- 
refractory, 


Febrile Selzures 


Febrile seizures refer to seizures associated with high- 
grade fever (>38°C) occuring in neurologically healthy 
children between 6 months and 5 years of age, without 
underlying intracranial infection and without history of 


a 


prlor unprovoked selyures. Febrile seizures affect 3-gy 
children up to 7 years of age. About 25-40% have a POsitive 
family history, Fever may be caused by minor Upper 
respiratory tract infection, gastroenteritis, viral exanthem, 
bactertal Infectlon, malaria or immunization. Febrile 
velvures must be differentiated from acute symptomatic 
selzures due to Intracranial infection and those triggered 


by fever In children with underlying epilepsy. 


lypos 

A simple febrile scizure is a generalized seizure (without 
focal features) that lasts less than 15 minutes and occurs 
only once within a 24 hours period of fever in a neuro- 
logically normal child. About 15-20% cases are complex 
febrile seizure, diagnosed in presence of any of the following: 
(1) focal signs or symptoms; (ii) duration >15 minutes; or 
(iil) recurrent seizures within the same febrile illness, 
Recurrent febrile seizures may be noted in children with; 
(i) age <18 months; (ii) family history; (iii) multiple 
seizures; (iv) first seizure at low temperature (<40°C),. 


Oulcome 


After an initial febrile seizure, 3-12% children develop 
epilepsy by adolescence. The risk of epilepsy is 1.5-2.4% 
for simple febrile seizures and increases in children with: 
(i) pre-existing neurodevelopmental abnormality; (ii) 
complex febrile seizure; and (iii) family history of epilepsy. 
It was suggested that a prolonged febrile seizure in infancy 
can cause hippocampal injury and mesial temporal 
sclerosis, leading to temporal lobe epilepsy. Subsequent 
studies demonstrate that a hippocampus that has already 
been damaged cither by a perinatal insult or genetic pre- 
disposition may cause prolonged febrile seizure in infancy. 


Management 


An acute episode of seizure is terminated by intravenous 
lorazepam or midazolam. In case the patient presents in 


status, standard protocol for management of status 
epilepticus is followed. 


In first episode of febrile seizure, lumbar puncture is 
indicated in clinically suspected meningitis or if Hib/ 
pneumococcal immunization status is not known. 


Prophylaxis 


In children with risk factors for recurrence or those with 
frequent recurrences (23 in 6 months or 24 in one yeat), 
intermittent prophylaxis reduces recurrences by 80%. Oral 
benzodiazepines (diazepam 0.6-0.8 mg/kg/day I" 
3 divided doses or clobazam 0.8-1 mg/kg/day in2 divided 
doses) should be started at the first sign of any febrile 
illness and continued for first 3 days of febrile illness. 


Acute Symptomatic Seizures 


e . ‘ e l 
A seizure occurring within a week of acute neurology 
injury, suchas stroke, trauma, anoxia, active inflamma 
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and infection, and within 24 hours of acute metabolic 
derangements, requires evaluation with serum electrolytes, 
Jumbar puncture and neuroimaging if indicated clinically, 
Antiepileptic therapy is initiated and discontinued after 
3-6 months if awake and sleep EEG records are normal. 


EPILEPSY 








Epilepsy is defined as occurrence of two unprovoked 
seizures Over a day apart beyond the neonatal period. 
Patients with one unprovoked seizure and a high 
probability of further seizures in the next decade, similar 
to the recurrence risk (over 60%) following two 
unprovoked seizures, are also termed having epilepsy. 
The International League Against Epilepsy (ILAE) 2017 
classification categorizes epilepsy using semiological 
phenomena at onset, as follows. 


Generalized Onset Epilepsy 
Tonic-clonic 


A tonic phase lasting at least 30 seconds and associated 
with uprolling of eyeballs, frothing from mouth, tongue 
bite, perioral cyanosis and/or incontinence of stool and 
urine, is followed by clonic movement of all limbs. 


Myoclonic 


Sudden, jerky shock-like violent contractions involve axial 
and appendicular muscles. 


Atonic 


Sudden loss of tone involving axial and appendicular 
muscles. 


spasm 

Well-sustained, sudden inward and/or outward 
movements of head, neck, trunk and extremities occur 1n 
cluster or in isolation. 


Absence 


Brief periods of behavioral arrest, lasting 30-60 seconds, 
Occur without associated motor phenomenon. 


Tonic 


Only tonic phase, as described in tonic-clonic seizure, 
Occurring without the clonic component. 


Focal Onset Epilepsy 


These may be motor, sensory Or autonomic. They account 
for 60% of epilepsies in childhood. They more often have 
4 structural cause. Important causes are atrophic lesions, 
Scars, inflammatory granulomas, strokes and vascular 
insults, head trauma, abscess and neoplasms. In our country, 
Neurocysticercus granulomas are a common eats ach 
Classically produce a ring or disc like enhancing lesions 
On neuroimaging. A simple focal or partial seizure is not 
associated with loss of consciousness. A transient paralysis 


of the affected limb of up to 24 hours may result, and is 
known as Todd’s palsy. Focal or partial seizures may spread 
to involve the whole body (secondary generalization). 

Complex partial seizures are associated with 
automatisms or loss of consciousness. Complex partial 
seizures arising from the temporal lobe are also called 
psychomotor epilepsy. Patients may have a ‘déja vu’ 
feeling, visual, olfactory or visceral aura and peculiar 
posturing or automatisms which are usually repetitive. 
There is no memory for the event. 


Etiology 


Epilepsy may have genetic, structural, metabolic and 
unknown etiology. 


Differential Diagnosis 


Various paroxysmal events mimic epilepsy. Entities seen 
commonly in children are discussed. 


Benign neonatal sleep myoclonus: A well infant presents 
with bursts of myoclonic or clonic movements only during 
sleep in the first week of life. The movements abort as 
soon as the child awakens. The conditions lasts for a few 
weeks to months. Only reassurance is required. 


Breath holding spells: This behavioral problem usually 
affects boys between 6 months and 3 years of age. The 
sequence of events is typical. The child first has a long 
cry, usually after being denied some demand. Then the 
child holds his breath and turns blue and limp. This may 
be followed by tonic and a few clonic movements. Parents 
must be reassured and advised about consistent parenting 
practices. They should refrain from giving into the child’s 
demand or giving him undue attention just after the 
episode. Iron deficiency should be treated. 

Syncope: This usually occurs in the upright position. Patient 
may have been standing immobile for sometime or have 
suffered sudden fear or emotion. The fall to the ground is 
usually not as sudden as in a convulsion. The patient is 
pale and pulse is slow. The attack is aborted by lying flat or 
with legs elevated as this improves the cerebral blood flow. 


Psychogenic seizures: These occur more commonly in 
older girls. The patient subconsciously tends to gain 
something. There are bizarre body movements with eyes 
tightly shut and pelvic thrusts. Very often the child does 
it when there is an audience around. 


Epileptic Encephalopathies 


Conditions in which epileptiform abnormalities them- 
selves contribute to progressive cognitive decline form a 
part of one of two common syndromes. 


West Syndrome 


This is the most common epileptic encephalopathy in 
infancy, and is characterized by the triad of epileptic 
spasms, hypsarrhythmic EEG and psychomotor 
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retardation or regression. Etiology is diverse. Almcsieny Principles of Drug Therapy 


type of brain insult in early life can lead to this syndrome. 
About two-thirds patients are symptomatic and one-third 
cryptogenic; the outcome is usually better m the letter 
category. Tne treatment of choice is either ACTH or 
curticostervids; alternatively, vigabairin may be used. 
Prognosis for neurodevelopment is variable and depends 
on seizure control and underiying etiology. 


Lerinior-Gotostt Shs Oore 

This is one of the most difficult epilepsies to treat. Onset 
occurs in late infancy or early childhood. Mixed seizures, 
including tonic, atonic, myoclonic, atypical absence and / 
or generalised tonic-clonic seizures, are characteristics. 
Etiology is diverse. Intellectual regression inv2riablv 
occurs. ELG show's generalised slow spike and sharp wave 
activity of 1.5-2.5 Hz. Drugs used include valproate, 
lamotrigine, benzodiazepines, topiramate, levetirecetam 
and zomismide. Therapeutic options in refractory cases 
include dietary therapy and epilepsy surgery. 


Invettigations 


A, video EEG is indicated in all cases of unprovoked 
veizure. While a normal EEG does not mule out seizure, it 
is useful in diagnosing epilepsy syndromes and pseudo- 
seizures and in enabling decisions regarding antiepileptic 
drug withdrawal. Some salient EEG findings are summa- 
rized in Table 19.3. In tropical countmes, neuroimaging 
(preferably MRI brain with contrast) should be done in 
al] cases with unprovoked seizure as neurocysticercosis 
and tuberculomas are the most common causes of seizures. 


Table 19.4 shows agents used for various seizure types 
All parents and caregivers should be advised fp; 
domiciliary management of seizures. Which includes 
putting the child in recovery position and adminstering 
ntrzenz<al or buccal midazolam or lorazepam. 

AEDs are started after two unprovoked episodes aj 
ceneralized tonic clonic seizures. However, it ts indicatad 
after a single episode if the neuroimaging or EEG is 
abnormal or the child has presenta in status epilepticus 

Initial therapy is monotherapy, initially tn low dose that 
is craduallv increased t maximum pharnawlogically 
tolerated dose. Polvtherapy is indicated if there are 
multiple seizure types or failure to respond to mono- 
therapv. Rational combination should be usa; drugs with 
the <ame mechanism of action and similar adverse effed 
profile should be avoided. 

Up to one-third of epilepsies are drug refractory or 
medicallv intractable. Refractory epilepsy ts usually 
defined as failure of 2-3 appropriately chosen AEDs with 
2 minimum number of disabling seizures, or the lack of 
remission over a certain period of time. Various factors 
like quality of life, natural history of the disease and 
available treatment options determine intractability, 
Therapeutic options include dietary therapy, vagal nerve 
stimulation, immunotherapy and epilepsy surgery. 


Suggested Reading 


e Fenichel GM. Paroxysmal disorders. In: Clinical Pediatric 
Neurology. 7th edn. Saunders, Philadelphia. O13; pp DT-. 


| .2 Table 19:3: Diagnostic utiity of electroencephalography in epilepsy 7 
Finding Likely dia gnosis 
Spike followed by slow waves Interictal pattern cf epilepsy 

3 Hz spixe and wave discharges; provoked by hyperventilaton Absence epilepsy 

Chastic high voltage record with multifocal spikes (Rypsannhyihmia) West syndrome 


Brief bursts of potyspixes with photosensitivity 
Spike wave complexes in Rolandic areas 


Generalised periodic epileptiform discharges 
Lateralized periodic epileptiform discharges 


Juvenile myocionic epilepsy 

Benign epilepsy with centrotemporal spises 
Subacute sclerosing panencephalitis 
Herpes simplex encephalitis 


uae Se NAT Fabie 184: Choke of therapies or enlepsy SD ti‘<C 
Seizure First choice Second choice | 
Focal seizure Oxcarbamazepine; carbamazepine Valproate; phenytoin 

Generalized tonic-clonic Valproate; phenytoin Levetiracetam; lamotrigine 

Absence Valproate; lamotrigine Levetiracetam:; topiramate; zonisamide 
Epileptic spasms ACTH or steroids Vigabatrine 

Myocionic Valproate Levetiracetam; topiramate; zonisamide 
Tonic Valproate; lamotrigine Levetiracetam; topiramate; zonisamide 


Atonic Valproate; lamotrigine 


Levetiracetam; topiramate; zonisamide 


ae 
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CONGENITAL MALFORMATIONS 


Hydrocephalus or excessive accumulation of CSF in the 
brain can be congenital or acquired. Etiology, clinical 
features and evaluation are discussed in a later section. 


Microcephaly 


This is defined as occipitofrontal circumference more than 
3standard deviations below the mean for age, gender and 
sex. Primary or genetic microcephaly may be inherited in 
autosomal dominant or autosomal recessive manner, or 
be associated with Down, Edward, cri du chat, Cornelia 
de Lange, Rubinstein-Taybi and Smith-Lemli-Opitz 
syndrome. Seconday or nongenetic microcephaly follows 
insults and is caused by congenital infections (rubella, 
cytomegalovirus, toxoplasmosis, syphilis), fetal alcohol 
syndromes, radiation, fetal hydantoin syndrome, maternal 
diabetes, malnutrition and hypoxic ischemic encephalo- 
pathy. Postnatal causes include severe hypoglycemia, Rett 
syndrome and human immunodeficiency virus infection. 
A receding forehead, overriding cranial sutures and 
intellectual disability are usually noted. 


Neural Tube Defects 


Disorders affecting the closure of the neural tube are 
among the commonest congenital anomalies, affecting 
1.5 per 1000 live births. The risk in subsequent pregnancies 
is increased to 3-4 per 1000 live births. 


Spina bifida occulta refers to failure of bony fusion of the 
vertebral column that is covered by skin with or without 
an overlying tuft of hair (Fig. 19.2a), lipoma ora sinus. A 
sinus carries the risk of recurrent meningitis and should 
be excised. Meningocele refers to bulging out of meninges 
through the bony defect. A soft mass is present in the 
lumbar or sacral region through which CSF may exude. 
The open meninges may get infected. Early repair is 
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€ncephalocele 


essential. Meningomyelocele refers to herniation of 
meninges and neural tissue through a spinal defect 
(Fig. 19.2b). The extent of neurological deficit depends on 
the level of the lesion. Usually, there is lower motor neuron 
type of paraplegia with bladder and bowel dysfunction 
and perineal anesthesia. Most patients have type Il 
Armold-Chiari malformation, and half are associated with 
aqueductal stenosis, leading to hydrocephalus. Club feet 
and dislocated hips may be present. Encephalocele is a 
midline bony defect in the calvaria with herniation of brain 
and meninges (Fig. 19.2c). 

Management of severe defects is difficult and 
multidisciplinary. Many patients develop hydronephrosis 
and chronic kidney disease due to neurogenic bladder. 
Severely affected children require several reparative 
surgeries. Ambulatory potential depends on the level and 
degree of neurological deficit. 

Neural tube defects can be diagnosed based on antenatal 
ultrasound, raised amniotic fluid a-fetoprotein and 
maternal serum and amniotic fluid acetylcholinesterase. 
The risk of defects is lowered by about 72% by daily intake 
of 0.4 mg folic acid in periconceptional period. 


Agenesis of Corpus Callosum 


This anomaly affects about 2% of children, may be partial 
or complete and occurs in isolation or with other brain 
malformations. Secondary destruction of the corpus 
callosum can occur with hypoxic ischemic encephalopathy 
or infarcts. Patients may be asymptomatic or present with 
epilepsy, cognitive defects or learning disability. Aicardi 
syndrome is characterized by agenesis of corpus callosum, 
retinal colobomas, intellectual disability and infantile 
spasms in girls. Neuroimaging shows parallel lateral 
ventricles with or without interhemispheric cysts, 
intracranial lipomas and disorders of neuronal migration, 
such as neuronal heterotopia, lissencephaly, pachygyria 
and schizencephaly. 


Arnold-Chiarl Malformation 


Type I malformation is characterized by downward 
displacement of the cerebellar tonsils by 3-5 mm through 
the foramen magnum into the upper cervical canal. 





Fig. 19.2: a: tube defects. (a) Tuft of hair overlying spina bifida occulta; (b) Dorsolumbar meningomyelocele; (c) Occipital 
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Patients may be asymptomatic or present with headache, 
dizziness, vertigo, torticollis, downgaze nystagmus and 
drop attacks. MRI reveals the diagnosis. In type II 
malformation, the pons, medulla, vermis and elongated 
fourth ventricle are displaced into the upper cervical canal. 

Neural tube defects occur in almost all cases. Cerebellar, 

brain stem and cortical abnormalities may be present. 





Dandy-Walker Malformation 


Failure of the foramen of Magendie to open results in 
ballooning of the posterior wall of the fourth ventricle to 
form a cyst in the posterior fossa. It is associated with other 
cerebellar and cerebral anomalies. Infants present with 
hydrocephalus with occipital prominence. Delayed 
development, cerebellar ataxia and spasticity are usually 
present. 


Syringomyelia and Hydromyelia 


A fluid filled cavity or syrinx within the spinal cord may 
occur as an isolated anomaly or associated with Chiari 
malformation, tumor, infarction or trauma. Manifestations 
include dissociated sensory loss in a cape-like distribution, 
atrophy of hand muscles and spasticity in lower limbs. 
Decompression requires laminectomy and syringotomy. 
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NEUROCUTANEOUS SYNDROMES 


These are disorders which affect both the nervous system 
and skin. There are 5 major syndromes. All are inherited 
except Sturge-Weber syndrome. One of the common 
manifestations is a tendency to form benign and some- 
times malignant tumors in various parts of the body. 


Neurofibromatosis (NF) 

This ig the most common necurocutaneous syndrome, 
Inheritance is autosomal dominant with highly variable 
penetration. NF1 or von Recklinghausen disease is caused 
by defects in NF7 gene on chromosome 17 while the gene 
for NF2 is located on chromosome 22, NF1 is diagnosed 
in presence of two or more of the following; (i) Six café au 
lait spots more than 5 mm size in prepubertal and more 
than 15 mm in postpubertal children; (i1) Two or 
more neurofibromas or one plexiform neurofibroma; 
(iii) Axillary freckling; (iv) Optic glioma; (v) Two or more 
iris hemartomas (Lisch nodules); (vi) Osseous Jesions such 
as sphenoid dysplasia or thinning of long bones; (vii) A 
first degree relative with NF1, Nervous system abnor- 
malities include optic glioma, intraspinal neurofibroma, 
aqueductal stenosis, dural ectasia and MRI findings of 
increased signal intensity in basal ganglia, cerebellum, 
brain stem and subcortical white matter. 


Tuberous Sclerosis Complex 


Two types are recognized based on underlying defect in 
TSC1 (locus 9q34) and TSC2 (locus 16p13.3). Inheritance 
is autosomal dominant. CNS manifestations include 
developmental delay, intellectual disability, seizures 
(often epileptic spasms) and autism. Subependymal 
nodules (Fig. 19.3a) and cortical tubers (Fig. 19.3b) are seen 
on neuroimaging. The former may undergo malignant 
transformation to glial tumors. Skin manifestations 
include ash leaf macules (Fig. 19.3c), adenoma sebaccum 
(Fig. 19.3d), café au lait spots and shagreen patches. Other 
organs involved include kidneys (angiomyolipomas), 
lungs (lymphangiomyomatosis), heart (rhabdomyoma) 
and retina (hamartomas). Treatment is symptomatic with 
anticonvulsants and surgery for tumors. Periodic 
monitoring is essential for renal, lung, heart and re inal 
tumors. 


Sturge-Weber Syndrome 


A facial nevus or port wine stain (Fig. 19.4a) in the 
distribution of the first branch of the trigeminal nerve is 





Fig. 19.3: Findings In tuberous sclerosis Include: (a) Subependymal nodule on non-contrast CT of brain; (b) Cortical tubers on axial 
FLAIR magnetic resonance imaging; (c) Hypopigmented ash leaf macule; and (d) Hyperplgmented maculopapular facia! rash 
(adenoma sebaceum) 
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associated with an ‘ipsilateral rail road pattern’ of 
intracranial calcification (Fig. 19.4b) and glaucoma. 
Presentation is with contralateral hemiparesis, focal 
seizures and/or intellectual disability. Control of seizures 
may require surgery. Monitoring for glaucoma is 
essential 


Atada Telangiectasia 

This autosomal recessive disorder (locus 11q) presents 
with progressive cerebellar ataxia with onset at 1-2? vears 
of age. Choreoathetosis mav occur. After 2-3 vears of age, 
telangiectasias are noted in skin flexures and/or bulbar 
conjunctiva (Fig. 19.5). An immune deficiency co-enists 
with recurrent sinopulmonary infections and later 
malienancies—lymphoma and Iymphocytic leukemia. 
Deficency oi IgA and IgE and increased & fetoprotein is 
found in §0-90°> patients. Intellect is normal at first but 
may lag with time. Death usually occurs by 20 vears. 


von Hippel-Lindau Disease 

This disorder is characterized by cerebellar and retinal 
hemangioblastomas, spinal cord angiomas and cystic 
tumors of kidneys and pancreas. Children present with 
cerebellar signs and raised intracranial tension. 





Fg. 19.5: Bulbar conjunctival telangiectasia in a child with ataxia 


'Slangiectasia 
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INFECTIONS AND ACUTE ENCEPHALITIS SYNDROME _ 


Meningoencephalitis is the most common CNS infection. 
The term acute encephalitis syndrome, was coined by the 
World Health Organization in 2006 for the purpose of 
surveillance for Japanese encephalitis. [tis defined as an 
illness characterised by acute onset of fever and a change 
in mental status manifesting as confusion, disonentation, 
coma, inability to talk and/or new onset seizures, except 
simple febrile seizures. Causes of acute encephalitis and 
encephalopathies are listed in Table 19.5. 


Viral Meningoencephalitis 
CNS infections may be caused by primary neurotropic 
viruses (arboviruses, herpesviruses and rabies) and, less 
often, by ‘incidental’ CNS pathogens (enteroviruses, ortho- 
MyVXOViruses, Paramyxovinuses and adenoviruses}. Sudden 
onset of fever with or without nonspecific symptoms ts 
followed within hours to days by convulsions, coma, toxal 
deficits and signs of raised intracranial tension. Presentation 
and outcomes vary between individuals, particularly if the 
host is inmunocompromused. The patient may die in the 
acute phase or recover completely or partially. 

Lumbar puncture shows up to 1000 cells/mm’ in the 
CSF that are chiefly lymphocytes with or without 


Table 19.5: Etiology of acute encephalitis syndrome 
Encephalitis 
RNA viruses (mumps, measles, rubella, enteroviruses) 
DNA viruses (herpes simplex, cytomegalovirus, Epstein- Barr) 


Arthropod borne viruses (Japanese B, West Nile, Russian 
spring summer, equine viruses) 


HIV, rabies, lymphocytic choriomeningitis, dengue virus, slow 
virus infections, prion infections 


Rickettsia; fungi (cryptococcus); protozoa (T. gondu) 
Bacteria (tuberculous meningitis, listeria) 


Encephalopathlies 


Acute disseminated encephalomyelitis 
Postinfectious: Typhoid, shigella, Raye syndrome 
Hypoxic encephalopathy, heat hyperpyrexia 


Metabolic: Diabetic acidosis, uremic coma, hepatic coma, 
neonatal hyperbilirubinemia, lactic acidosis, mitochondrial 
disorders, inborn errors of metabolism 


Fluid and electrolyte disturbances. 
Hypermatremia, hyponatremia, alkalosis, acidosis 


Toxic: Heavy metals (lead, mercury, arsenic), insecticides, 
Cannabis indica, carbon monoxide 


Post-vaccination 
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polymorphonuclear cells. Protein is mildly increased and 
sugar is normal. Etiology is determined in only a small 
proportion. Viral detection by CSF polymerase chain 
reaction (PCR) or specific antibodies are necessary but 
have low diagnostic yield. 

Sick patients require careful monitoring in an intensive 
care unit, targeting maintenance of vital functions and 
ensuring asepsis, adequate nutrition, good nursing care 
and appropriate physiotherapy. Symptomatic management 
includes administering antipyretics and anticonvulsants 
and measures to reduce intracranial tension. 





Japanese Encephalitis (JE) 


JE virus is the leading cause of viral encephalitis in India 
and worldwide, with the majority of cases occuring in 
Asia. In India, most cases are reported from southern and 
eastern states with outbreaks during and after monsoons. 


Etlology and Transmission 


JE virus is a single stranded neurotropic RNA virus 
belonging to family Flaviviridae. The chief vector across 
Asia is Culex tritaentrrhynchus, a zoophilic mosquito that 
breeds in rice fields. The infection is zoonotic, with pigs 
and Ardeid birds as the chief hosts that harbor, amplify 
and transmit the infection without developing illness, 
despite signifincat viremia. Man is an incidental dead-end 
host in whom the brief viremia deters further transmission. 


Clinical Features 


JE tends to occur in epidemics and outbreaks, chiefly 
affecting children between 5 and 15 years of age or young 
adults. A prodrome of fever, headache, vomiting and 
diarrhea, lasting a few hours to days, is followed by an 
acute encephalitic stage with persistent fever, seizures, 
coma, focal deficits and signs of raised intracranial tension 
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lasting 7-10 days. In severe cases, signs of raiseg 
intracranial tension and hyperventilation are followed 5 

shock and rapid death, Others recover gradually ove; 
weeks to months, but majority of survivors haye 
prominent extrapyramidal sequelae. 


Diagnos!s 


CSF shows nil to moderate pleocytosis with elevated 
protein and normal sugar. MRI shows characteristic 
changes in bilateral thalami, basal ganglia and midbrain 
(Fig. 19.6a). JE virus specific IgM can be detected by ELISA 
in CSF and serum and has 95% sensitivity and specificity 
when performed in CSF by 10 days of illness; earlier 
samples may be negative. Viral isolation and detection 
by PCR in CSF or brain during early illness has low yield, 


Management 
Management is essentially supportive, as outlined above, 


Prevention 


JE can be controlled by reducing contact with mosquitoes 
(using insecticide spray, larvicides, bed nets and 
repellants), vaccination of pigs and location of pigsties 
away from human dwelling, and, most usefully, by 
vaccinating susceptible humans. However, human 
vaccination does not interrupt the natural cycle of JE virus 
and does not provide herd immunity. JE vaccination is 
now part of the National Immunization Program in 
endemic states (see Chapter 10). 


Mouse brain killed vaccine: This was the earliest vaccine 
to be manufactured against JE but is no longer in use. 


Live-attenuated SA-14-14-2 strain vaccine: This is the only 
live-attenuated JE vaccine currently available. It is 
produced by Chengdu Biologicals and is being used in 
the public sector in China since 1998, Nepal (since 1999) 
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Fig. 19.6: Magnetic resonance imaging in acute encephalitis, (a) Axial FLAIR images showing bilateral thalamic involvernent in 
Japanese B encephalitis; (b) Coronal T2-weighted images showing right temporal involvement in herpes encephalitis: and (¢ 
Axial FLAIR Images showing bilateral subcortical and periventricular patchy asymmetrical white matter signal changes in o¢ 
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and India (since 2006), Studies conducted in Nepal 
reported efficacy of 99.3% in the same year, 98.5% after 
one year and 96.2% after 5 years. An Indian study found 


vaccine efficacy to be 94.5% after 6 months. Dose is 0.5 ml 
given subcutaneous, 


1C51 Vaccine-Ixtaro: This is a new generation formalin 
inactivated vaccine manufactured by Intercell (Austria) 
and distributed by Novartis Vaccines. It is prepared 
from the SA-14-14-2 strain grown in Vero cells. This is the 
only JE vaccine to have received US Food and Drug 
Administration (FDA) approval for use in adults and 
children beyond 2 months of age. This vaccine produced 
with Austrian collaboration is available in India as JEEV 
(Biological E Ltd). Schedule is 2 doses 28 days apart 


followed by a booster after one year. Dose is 0.25 ml below 
3 years and 0.5 ml beyond. 


Indian Strain vaccine: Another Vero cell-derived purified 
inactivated JE vaccine is developed from an Indian strain 
of the virus (821564 XZ) isolated in Kolar, Karnataka, 
during the early 1980s and characterised by the National 
Institute of Virology, Pune. This vaccine was developed 
through public-private partnership between the Indian 
Council of Medical Research and Bharat Biotech Ltd. It 
has received manufacturing and marketing approval from 
the Drug Controller General of India and is being 
marketed by the name, JENVAC. 


Chimeric vaccine: Another JE vaccine under development 
is the live attenuated YFV-17D/ JEV vaccine (Acambis, 
UK). The premembrane and envelop (prME) genes of an 
attenuated human vaccine strain (SA-14-14-2) of JE virus 
are inserted between core and nonstructural genes of a 
yellow fever 17D infectious clone, resulting in a live 
chimeric vaccine. Recruitment for phase 3 studies is 
ongoing in Thailand. 


Herpes Simplex Virus (HSV) Encephalitis 


This is the leading cause of sporadic encephalitis and has 
a severe fulminant presentation with high rates of 
mortality and disabling sequelae. A non-specific prodrome 
of headache, malaise, fever and vomiting is followed by 
altered consciousness, focal or generalised seizures and 
focal neurologic deficits. Presence of focal signs is 
considered characteristic of HSV encephalitis. Presentations 
include movement disorders, stroke, behavioral 
disturbances, hallucinations and memory loss. 
Examination of the CSF reveals pleocytosis, mild 
Protein elevation and occasionally, red blood cells. EEG 
may show a characteristic picture of periodic lateralised 
epileptiform discharges. Neuroimaging shows 
characteristic temporal lobe signal changes, with MRI 
being more sensitive than CT (Fig 19.6b). PCR for HSV1 
in the CSF has 75% sensitivity and 100% specificity and is 
considered the gold standard for diagnosis. 
Management includes supportive care and specific 
antiviral treatment with intravenous acyclovir at 20 mg/ 


kg every 8 hour for 14-21 days. However, despite early 
therapy, less than 40% patients survive without disability 
and 5% may relapse. 


Acute Bacterial Meningitis 

This is a relatively common and potentially fatal condition. 
A high index of suspicion is essential to enable timely 
diagnosis and treatment. 


Risk Factors and Potnogenesis 


Infections are most common in the first 5 vears of life. Risk 
factors include bacterial colonization of nasopharvnx, 
overcrowding, poverty and male sex. Anatomic defects 
such as fracture base of skull, pilonidal sinus and 
immunodeficiencies predispose to meningitis. Bacteremia 
is followed by lodging of bacteria in choroid plexus and 
the meninges. An intense inflammation leads to meningeal 
exudates, ventriculitis, perivascular inflammatory 
exudates, venous occlusion, infarction, necrosis and/or 
raised intracranial pressure. 


Etiology 

The causative organisms vary with age. In the first 2 
months of life, the most common pathogens include Gram 
negative bacteria, followed by Staphulococcus aureus, group 
B streptococci and Listeria monocutogenes. Between 2-24 
months, Hemophilus influenzae type b infections are most 
common, followed by Streptococcus pneumoniae and 
meningococcus. Beyond 2 years of age, pneumococcus and 
meningococcus are the most common organisms, followed 
by Hemophilus influenzae type b. 


Clinicol Feotures 


Clinical features vary with age. Newborn and young 
infants present with lethargy, poor feeding, shrill cry and 
seizures. Older infants present with fever, poor feeding, 
irritability and photophobia. A tense bulging anterior 
fontanelle in a febrile infant suggests meningitis. Older 
children present with abrupt onset of high fever, severe 
unrelenting headache, anorexia, myalgia, photophobia 
and meningeal signs, and may develop convulsions and 
coma. 

Meningeal signs are lacking till 2 years of age. Signs of 
raised intracranial pressure include hypertension, 
bradycardia, bulging fontanelle, third or sixth cranial 
nerve palsy, posturing or breathing abnormalities. 
Papilledema is unusual, especially in infants. A search 
should be made for septic foci elsewhere. Purpuric rash 
suggests meningococcemia. 


Differential Diagnosis 


Viral and tuberculous meningoencephalitis are the chief 
differential diagnoses. The latter is particularly 
considered when faced with partially treated bacterial 
meningitis. 
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Diagnosis is confirmed by CSE examination, However, 
lumbar puncture wuUst be deferred, if there are signs 
staesting raised intracranial pressure due to the risk of 
herniation and death, CSE examination reveals raised 
pressure. turbid luid markeuly increased cell count (often 
in thousands per mn) chiefly comprised of polymorpho- 
nuclear cells, increased protein and low sugar (less than 
APo of the concomitant blood sugar), Gram stain and 
bacterial culture may enable diagnosis, However, PCR to 
detect bacterial DNA is more sensitive, Other usetul tests 
are latex agglutination test. countercurrent immuno- 
electrophoresis and blood culture, la very early cases, CSF 
exaniination may be normal ter cell count, protein and 
sugar but culture may be positive, In cases partially treated 
with antibiotics, CSF cell count is lower and has a 
predominance of lymphocytes and culture is sterile, 

Imaging in bacterial meningitis may be normal or show 
intense Meningeal enhancement or intracranial complica- 
tions such as subdural ettusion (Fig 19.7a) or empyema, 
ventriculitis, brain abscess, hydrocephalus or infarcts. 
Other complications include syndrome of inappropriate 
secretion of antidiuretic hormone and sequelae of injury 
such as deafness, epilepsy, intellectual disability, 
neurological deficits and hydrocephalus. 


Treatment 


Empirical intravenous therapy with third generation 
cephalosporin should be initiated without delay. 
Vancomycin is added if there is lack of clinical response 
by 48-72 hours. Antibiotics are revised based on results 
of investigations. Therapy is usually adminstered for 
3 weeks in neonates and for 7-10 days in older children. 
Dexamethasone, adminstered intravenously at 0.15 mg/ 
kg /dose every 6 hours for two days, beginning with the 
first dose of antibiotic is considered useful in preventing 
hearing loss and short-term neurological sequelae. 


Prevention 


The risk of bacterial meningitis is reduced considerably 
by mass vaccination against hemophilus, pneumococci and 








SS 


Fig. 19.7: Computed tomography In acute encephallt! 
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meningococel. Close contacts of patients with meningo. 
coccal meningitis should receive chemoprophylaxis with 
rifampicin at 10 mg/kg/dose twice daily for two days, 


Tuberculous Meningltls 


This is the most severe form of tuberculosis. Predisposin 
factors are young age, presence of a household contact, 
recent measles and protein energy malnutrition. 


Pathophysiology 


Primary infection is followed by intermittent bacillemia 
and seeding of meninges, termed Rich’s foci. During stress 
and lowered immunity, these foci rupture to cause 
tuberculous meningitis, with characteristic thick exudates 
in the basal cisterns and endarteritis. 


Clinical Features 


The first or prodromal phase of the illness is characterized 
by nonspecific irregular fever, anorexia, irritability and 
occasional vomiting and lasts 1-4 weeks. The second stage 
has neurological manifestations like seizures, focal deficits 
and meningeal signs. The third stage is one of coma and 
sequelae. Hydrocephalus (communicating or obstructive), 
decerebrate posturing, cranial nerve palsies, optic atrophy, 
extrapyramidal signs and focal deficits are more common 
in tuberculous than other CNS infections. Chief differential 


diagnosis are partially treated bacterial meningitis and 
viral meningoencephalitis. 


Diagnosis 


Diagnosis is based on clinical features and investigations. 
CSF typically shows raised pressure, up to 500 cells per mm’ 
with lymphocytic predominance, increased protein and 
low sugar (level about half the concomitant blood sugar 
level). However, CSF may mimic bacterial meningitis or 
be normal in about 10-15% cases each. 


Neuroimaging often shows hydrocephalus and basal 
exudates (Fig. 19.7b). The diagnosis is supported by 
prolonged history of symptoms, family history of 
tuberculosis, positive Mantoux (tuberculin) test, chest 


s, Contrast enhanced Images showing: (a) Bilateral subdural effusion In 9 
child with acute bacterlal meningitis; (b) Communicating hydrocephalus with basal meningeal enhancement In a child with 
tubercular meningitis; (c) Ring enhancing lesion with eccentric dot In left parletal lobe suggestive of neurocysticercos!s: 
and (qd) Non-contrast Image shows multiple calcified neurocysticer| lasions, described as ‘starry sky’ 
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radiographic evidence of tuberculosis and findings on CSF 
examination and neuroimaging. The diagnosis is 
confirmed if CSF culture or PCR is positive for 
Mycobacterium tuberculosis or acid-fast bacilli are present. 
Gene Xpert is a quick cartridge based test for M. tuber- 
culosis genome and drug resistance to rifampicin. 


Treatment 


Antitubercular treatment includes two months of four 
drug (intensive) therapy and 10 months of two drug 
(maintenance) therapy (Chapter 11). Intravenous is 
dexamethasone is followed by oral administered for 8-12 
weeks to prevent sequelae. Patients with obstructive 


hydrocephalus require CSF diversion by shunt or third 
ventriculostomy. 


Prognosis 


Prognosis is related to patient age and stage of disease at 
diagnosis. Early treatment (stage 1) results in complete 
cure. While 80% of patients treated in stage 2 of disease 
survive, 50% show sequelae. Only 50% of patients treated 
in stage 3 survive and 80% show sequelae. Complications 
include hydrocephalus, optic neuritis, infarction and 
spinal block due to arachnoiditis. Sequelae include focal 
neurological deficits, epilepsy, intellectual disability, 
blindness and occasionally, endocrinopathies. 


Neurocysticercosis 


Parasitic infestation of the brain by the encysted larvae of 
pork tapeworm Taenia solium is a public health problem 
in many developing regions including Southeast Asia, 
Latin America and sub-Saharan Africa. The condition 
affects 9% people across ages and 13% of children. 
Neurocysticerci account for up to 35% patients presenting 
with seizures in rural regions, with active or degenerating 
neurocysticerci being more common than calcified 
granulomas. Humans acquire the infection by consuming 
undercooked pork containing cysticerci or by eating food 
contaminated with feces containing tapeworm eggs. The 
eggs form larvae that cross into the bloodstream to seed 
the brain. 


Pathogenesis 


Parenchymal or cerebral infection is more common than 
extraparenchymal neurocysticercosis, manifesting as 
intraventricular, spinal or ocular cysts or arachnoiditis. 
Cysts may be single or multiple, and usually form at the 
gray-white matter interface. Four stages are recognised, 
namely the vescicular, colloidal, granular-nodular and 
nodular-calcified lesions. The first two or active stages 
Carry low risk of seizures and do not enhance on 
Neuroimaging. Cysticerci usually cause seizures in the 
degenerating or granular-nodular stage, and are detected 
as enhancing lesions on MRI. 


Clinical Features and Diagnosis 


Patients are usually older than 3 years and present with 
recent onset of focal or generalised epilepsy. Neuro- 
imaging reveals one or multiple ring-enhancing lesions 
with perifocal edema (Fig. 19.7c) with or without an 
asymmetric scolex within the ring. Patients may 
occasionally present with encephalitis and raised 
intracranial pressure with or without seizures, 
Neuroimaging in these cases reveals cerebral edema ina 
brain studded with cysts in various stages, including 
enhancing and nonenhancing cysticerci, termed a ‘starry 
sky’ appearance (Fig. 19.7d). 

The combination of clinical and radiological findings 
is usually diagnostic. Radiological differential diagnoses 
include tubercular and Toxoplasma granulomas. Serology 
by enzyme linked immunoelectrotransfer blot assay has 
high sensitivity (100%) and specificity (83-100%) for 
multiple and extraparenchymal neurocysticercosis, but 
has poor diagnostic utility for one to few cysticerci and 
calcified lesions. 


Management 


Symptomatic treatment of seizures is essential. Ant- 
epileptic therapy is continued for at least 6 months and 
until the lesions disappear. Definitive antihelminthic 
therapy is recommended for up to 5 lesions. Albendazole 
is the preferred agent and is administered at 15-20 mg/ 
kg/day in two divided doses for a week. Cysticidal 
therapy is contraindicated in ocular neurocysticercosis and 
cysticercal encephalitis since degenerating cysts may 
evoke intense inflammatory response. All patients should 
first receive oral prednisolone at 1-2 mg/kg/day for 5-7 
days, beginning prior 2-3 days to antihelminthic therapy. 


Acute Disseminated Encephalomyelitis 


Immune-mediated cerebral inflammation may follow viral 
exanthem or vaccination. While measles is the most 
common cause, causative infections include rubella, 
mumps, varicella zoster, influenza A and B, Rickettsia and 
Mycoplasma pneumonia. Vaccines that may precipate the 
syndrome are rabies, vaccinia, measles and yellow fever. 
Patients present with altered consciousness, convulsions 
and multifocal neurological signs affecting cerebellum, 
optic nerves, long tracts and spinal cord. Fever may be 
absent at onset. CSF may reveal mild pleocytosis. MRI 
shows characteristic scattered lesions in the white matter, 
at times affecting the deep grey matter and other areas 
(Fig. 19.6c). Treatment options include pulse corticosteroids, 
intravenous immunoglobulin and plasmapheresis. 


Autoimmune Encephalitis 


Neurological syndromes presenting with neuropsychiatric 
features, mutism, movement disorders, seizures and 
cognitive decline may be caused by serum and/or CSF 
antibodies against ion channels, receptors and associated 
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proteins. Anti-NMDA receptor antibody encephalitis, 
voltage-gated potassium channel antibody-associated 
encephalitis and limbic encephalitis are well described in 
adults, often occurring as paraneoplastic syndrome, 
However, 23-40% of patients present in childhood, 
Treatment options include pulse methylpredisolone, 
intravenous immunoglobulin, plasma exchanges and 
intravenous rituximab. 





Encephalopathies 


The term encephalopathy is used for diffuse cerebral 
dysfunction due to a non-inflammatory pathology, as 
against encephalitis which is characterized by 
inflammation. However, the two are often difficult to 
distinguish clinically. Fever cannot discriminate between 
the two entities as encephalopathy may be precipitated 
by systemic infection, and fever may have an alternative 
cause. 


Dengue Encephalopathy 


Neurological manifestations, including encephalopathy, 
are common with dengue infections and may be caused 
by vasculitis, cerebral edema, hypoperfusion or 
hyponatremia. However, virus invasion of the brain 
producing encephalitis has also been documented. 


Reye Syndrome 


This acute encephalopathy may follow a viral upper 
respiratory tract infection (90% cases) or varicella (5-7%). 
History of salicylate ingestion is common. The onset is 
abrupt with protracted vomiting followed by delirium, 
combative behavior and stupor. While most children have 
a mild course, there may be rapid worsening with seizures, 
coma and death. Common findings include mild 
hepatomegaly, hypoglycemia and elevated serum 
transaminases (>3-fold) and ammonia and coagulopathy 
with normal levels of serum bilirubin. Liver biopsy reveals 
diffuse microvesicular fatty infiltration without any 
inflammation or necrosis. 
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CEREBRAL PALSY 


Cerebral palsy refers to permanent, nonprogressive and 
occasionally evolving, disorders of tone, movement or 
posture, caused by an insult to the developing brain. It is 
the most common chronic motor disability in childhood, 


Table 19.6: Etiology of cerebral palsy = 


Genetic or prenatal 

Structural malformations of nervous system 
Congenital or intrauterine infections 
Maternal or obstetric complications 
Teratogens 

Perinatal 

Birth asphyxia 

Prematurity; low birth weight 

Birth trauma; intracranial hemorrhage 
Hyperbilirubinemia; hypoglycemia 
Central nervous system (CNS) infection 


Postnatal 


CNS infection 
Hypoxia 
Trauma; toxins 


affecting 2-3 infants per 1000 live births. While perinatal 
asphyxia was considered the most common cause, it 
accounts for less than 10% of cases. Various causes are 
listed in Table 19.6. 


Clinical Features 


The most common presentation is with developmental 
delay. Physical findings are persistence of neonatal 
reflexes, increased tone, fisting with cortical thumb, 
scissoring of legs, toe-walking, abnormal posture and gait, 
abnormal movements and/or hyperreflexia. Common 
comorbidities include intellectual disability, microcephaly, 
seizures, behavioral problems, difficulty in speech, 
language, swallowing or feeding, blindness, deatness, 
squint, malnutrition, sleep disturbances and excessive 
drooling. Contractures may develop that are initially 
dynamic and later fixed. 


Classification 


Cerebral palsy is classified topographically as 
quadriplegic, hemiplegic, monoplegic or diplegic, and 
physiologically as spastic, dyskinetic, ataxic or mixed. 
Spastic palsy may be quadriplegic, diplegic or hemiplegic, 
while dyskinetic palsy may be choreoathetoid or dystonic. 
Spastic quadriplegia is the most common type of cerebral 
palsy in India. It is often caused by perinatal asphyxia oF 
neonatal illness. Common comorbidities are intellectual 
disability, seizures, pseudobulbar palsy, microcephaly, 
squint or visual disturbances, speech abnormalities and 
deformities. Neuroimaging may show cystic encephalo- 
malacia. 


Spastic diplegia is the second most common type, and is 
linked to prematurity. Intellect is often preserved: 
Neuroimaging shows periventricular leucomalacia. 
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Spastic hemiplegic palsy usually results from a vas e 
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Neuroimaging usually reveals focal changes or a 
porencephalic cyst. These children are usually mobile. 
They may have preserved or impaired intellect. 


Dyskinetic or extrapyramidal palsy may result from 
asphyxia or kernicterus. Rigidity, dystonia, dyskinesia and 
drooling are prominent while intellect is relatively 
preserved. Radiology may indicate abnormalities in basal 
ganglia or thalamus. 


Ataxic palsy is caused by cerebellar malformations and 
is associated with other cerebellar signs. 


Mixed CP refers to a presentation including both spastic 
and extrapyramidal features. 


Evaluation 


A detailed history is taken to detect various manifestations 
and antecedent events. Physical and neurologic 
examination should include detailed assessment of 
development and evaluation for dysmorphism and 
neurocutaneous markers. Spasticity is classified using 
tools such as Gross Motor Function Classification System 
and Modified Ashworth Scale. 


Management 


Management requires multidisciplinary inputs from the 
pediatrician, occupational therapist, physiotherapist, 
clinical psychologist, orthopedic surgeon, speech 
therapist, ophthalmologist, ENT specialist, social worker 
and special educator. Generalised spasticity is managed 
by physiotherapy and drugs such as diazepam, baclofen, 
tinazidine or dantrolene. Localized spasticity can be 
effectively treated with injection of botulinum A toxin. 
Some patients may require tendon release or tendon 
lengthening. Dystonia is managed with trihexiphenidyl, 
botulinum or levodopa. 
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NEUROLOGICAL REGRESSION 


Various disorders present with progressive deterioration 
in mental and motor functions, causing loss of acquired 
milestones. Inherited metabolic storage disorders are the 
most common etiology; other causes include sequelae of 
infections (e.g. HIV encephalopathy, subacute sclerosing 
panencephalitis and progressive rubella panencephalitis), 
hydrocephalus, hypothyroidism and vitamin By, 


deficiency. Static disorders such as cerebral palsy may 
appear to regress due to formation of contractures, 
epilepsy, movement disorders or emotional problems. 

Epileptic encephalopathies also cause neuroregression. 
Acute deterioration following illness, trauma or brain 
infections after which the child remains static or improves 
need to be differentiated. The neurocutaneous disorders 
also have progressive neurologic deterioration. Diseases 
like lupus erythematosis and multiple sclerosis can also 
appear like a progressive degeneration. 


Evaluation 


A detailed history should elicit the age at onset, course 
and evolution of illness, history of consanguinity and 
family history. Progressive deterioration may be difficult 
to detect in patients with infantile onset. Other features 
include feeding difficulties, vomiting, failure to thrive, 
lethargy, irritability and lack of visual fixation and social 
interaction. Small molecule disorders (aminoacidopathies; 
urea cycle disorders; organic acidemias and fatty acid 
oxidation defects) typically have a relapsing and remitting 
course with progressive deterioration, while large 
molecule storage diseases (lysosomal storage disorders; 
glycogen storage disorders and mucopolysaccharidoses) 
have chronic progressive course. Physical examination 
should focus on appearance (Fig. 19.8), detailed 
neurological examination including fundoscopy, hepato- 
splenomegaly, and specific findings in eye, skin and 
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Fig. 19.8: Coarse facial features with psychomotor retardation 
In a child with (a) Mucopolysaccharidosls type 2; and 
(6b) Cretinism (congenital endemic hypothyroidism) 


| sos 











Onset In early Infancy 
With hepatosplenomegaly 
Gaucher type 2 
Niemann-Pick type A 
Sandhoff disease 

Without hepatosplenomegaly 
Maple syrup urine disease 
Classic phenylketonuria 
Leigh disease 

Menkes kinky hair disease 
Biotinidase deficiency 
Glutaric aciduria 
Zellweger syndrome 
Onset at 1-2 years 
Homocystinuria 

Late infantile neuronal ceroid lipofuscinosis 
Rett syndrome 

Onset after 2 years 

With hepatosplenomegaly 
Gaucher type 3 

With vision loss 
Adrenoleukodystrophy 


Myoclonic epilepsy with ragged red fibres 
Wilson disease 
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Fig. 19.9: Characteristic predominantly posterior white matter 
involvement in a patient with adrenoleukodystrophy 


Skeleton that may indicate the underlying etiology. 
Table 19.7 lists disorders based on age of onset; specific 
clinical and diagnostic features are discussed in 
Chapter 24, 

Biochemical tests are targeted towards detecting the 
suspected defect and include serum ammonia, arterial 


Table 19.7: Inherited causes of psychomotor regression 
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GM1 gangliosidosis 
Mucopolysaccharidosis types 1 and 2 
Sialidosis type 1 


Pelizaeus-Merzbacher disease 
Krabbe disease 

Canavan disease 

GM2 Tay-Sachs disease 


Alexander disease 
Early infantile neuronal ceroid lipofuscinoses 


Lesch-Nyhan disease 


Megalencephalic leukoencephalopathy with subcortical cysts 
Metachromatic leukodystrophy 


Niemann-Pick type C 


Subacute sclerosing panencephalitis 
Pantothenate kinase associated neurodegeneration 


and CSF lactate, blood sugar, blood tandem mass 
spectrometry, and urinary aminoacidogram, glyco- 
saminoglycans, gas chromatography and mass 
spectrophotometry. The MRI of brain may suggest the 
diagnosis (Fig. 19.9). Specific diagnosis relies on enzyme 
analysis in leukocytes or fibroblasts and specific genetic 
testing. 


Treatment 


The first priority is to evaluate for and manage condifions 
for which specific therapy is available, such as 
hypothyroidism, hydrocephalus, vitamin B,, deficiency, 
lead poisoning, Wilson disease, adrenoleukodystrophy, 
and biotinidase deficiency. Specific diets are useful in 
conditions such as galactosemia, fructose intolerance and 
phenylketonuria. Enzyme replacement therapy }5 
available for Gaucher disease, milder variant of 
mucopolysaccharidosis type 1, glycogen storage diseasé 
type 2 (Pompe disease) and Fabry disease. Transplantation 
of the bone marrow and liver may be useful in patients 
with Hurler disease and glycogen storage diseas® 
respectively. Several disorders are already screened for 
as part of newborn screening programs in many countries: 
While most conditions have a poor outcome, speci 
diagnosis enables prenatal counseling and antenata 
diagnosis in subsequent pregnancies. 
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ATAXIA 


a 
The term ataxia refers to disturbance of fine control of 
posture and movement, usually caused by abnormalities 
of the cerebellum or its afferent and efferent connections, 
posterior column of the spinal cord or the vestibular 
system. Ataxia may be acute and/or recurrent or chronic 
and progressive (Tables 19.8 and 19.9). 


Acute or Recurrent Ataxia 


The most common causes in children are acute post- 
infectious cerebellitis and drug toxicity, followed 
by migraine, brainstem encephalitis and underlying 
neuroblastoma. Some of these are being described 
below: 


Brainstem Encephalitis 


Ataxia and cranial nerve palsies may be the presenting 
feature of encephalitis. CSF pleocytosis and abnormal 
brainstem auditory evoked potentials may be found. 


Migraine 


Basilar migraine may present as recurrent episodes of 
cerebellar or brainstem dysfunction. Peak occurrence is 
in adolescent girls. Gait ataxia, visual loss, vertigo, 
parasthesias, tinnitus and occasionally loss of 
consciousness may occur, followed by throbbing occipital 
headache. 

Benign paroxysmal vertigo is a migraine seen in infants 
and preschool children. The predominant symptom is 
recurrent attacks of vertigo with pallor, nystagmus and 


A 


Table 19.8: Anatomical localization of ataxia 


fright lasting a few minutes. Consciousness is maintained, 
With time these attacks decrease and stop altogether and 
typical migraine may develop. 


Conversion Reaction 


Hysterical ataxia is relatively common in older children 
and adolescents. Although the hysteria is involuntary, 
there is some secondary gain. The child does not have 
difficulty sitting but when made to stand there is severe 
swaying from the waist, so that she lurches and staggers 
from one object to the other. Diagnosis is by observation 
only. 


Episodic Ataxias (EA) 


These are due to ion channel mutations. EA type 1 results 
from a mutation of potassium channel gene KCNAI. 
Attacks of ataxia and myokymia of the face and limbs 
lasting 10 minutes to 6 hours in duration usually start after 
5-7 years of age. EA type 2 is due to mutation in voltage 
dependent calcium channel gene. Episodes of ataxia, 
vertigo, jerk nystagmus with vomiting lasting one hour 
to a day occur 1-3 times per month. Onset is in school] 
age. Most patients are normal between attacks but some 
may have slowly progressive truncal ataxia and 
nystagmus, 


Postinfectious/Immune-Mediated Disorders 
Acute Postinfectious Cerebellitis 


This most commonly affects children between 2 and 
7 years of age after an attack of varicella. Ataxia starts 
suddenly and is worst at the onset. It varies from mild 
unsteadiness to complete inability to stand. Recovery 


occurs spontaneously over 3 to 20 weeks. No treatment is 
required, 


Miller-Fisher Syndrome 


This is a variant of Guillain-Barré syndrome. A previously 
well child develops ataxia, ophthalmoplegia and areflexia. 
Cerebrospinal fluid shows findings similar to Guillain- 
Barré syndrome. The course is self-limited and complete 
recovery occurs within 6 months. 


Vestibular 
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Feature Cerebellar 
Ataxia Limb or truncal 
Dysarthria Present 
Nystagmus Present 
Vertigo Absent 
Hypotonia Present 

Deep tendon reflexes Pendular 
Romberg sign Absent 
Vibration and position sense Normal 


Sensory 

Limb Truncal 
Absent Absent 

Absent Present 
Absent Present 
Absent Absent 

Absent Normal 

Present Absent 

Decreased Normal 
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Table 19.9: Causes of ataxia 1 


Acute or recurrent 

Postinfectious and autoimmune: Acute postinfectious 
cerebellitis, Miller-Fisher syndrome, opsoclonus myoclonus 
ataxia (occult neuroblastoma) 

Drugs: Phenytoin, psychotropic drugs, antihistaminics 
Brainstem encephalitis 

Migraine: Basilar migraine, benign paroxysmal vertigo 
Inherited disorders: Hartnup disease, maple syrup urine 
disease, pyruvate dehydrogenase deficiency, episodic ataxia 
types 1 and 2 


Trauma: Concussion; hematoma 


Chronic 


Static 

Malformations and inherited defects: Arnold Chiari, Dandy 
Walker and Joubert syndrome 

Stroke 

Post-traumatic 


Progressive 

Inherited degenerative disorders: Spinocerebellar ataxia, 
abetalipoproteinemia, ataxia telangiectasia, Friedreich ataxia, . 
Refsum disease, Hartnup disease 

Brain tumors: Cerebellar astrocytoma, medulloblastoma, 
ependymoma 


Acquired: Multiple sclerosis, vitamin B,. deficiency 


Multiple Sclerosis 


About 3-5% of patients of multiple sclerosis present before 
6 years of age. Ataxia is the most common initial feature, 
followed by seizures, encephalopathy and hemiparesis. 
A polyphasic course is characteristic. Repeated episodes 
of demyelination occur in noncontiguous areas of the 
nervous system. Cerebrospinal fluid during episodes 
show mild pleocytosis with raised protein and oligoclonal 
bands. MRI brain shows scattered demyelinating plaques 
with predilection towards juxtacortical and periventricular 
white matter, infratentional area and spinal cord. 


Opsocionus Myoclonus Ataxia [OMA) 


This syndrome is characterized by chaotic eye movements 
(opsoclonus), myoclonus, ataxia and encephalopathy. 
Occurrence is between 6 months and 4 years. 
Encephalopathy manifests as personality change or 
irritability. Opsoclonus persists even during sleep. Around 
half of the cases are associated with neuroblastoma. A 
relapsing and remitting course is seen. 


Chronic Progressive Ataxia 


The term chronic ataxia is used for entities which have an 
insidious onset and progress beyond months to years. 
Some of the important causes are being described below. 
The salient causes have been tabulated in Table 19.9. 
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Abetallooproteinemia 

This is an autosomal recessive disorder caused by defocy 
in the gene for microsomal triglyceride transfer Protein 
Manifestations are fat malabsorption, failure to thrive 
acanthocytosis, severe anemia, ataxia and retinitis 
pigmentosa with night blindness, Ataxia results from 
severe vitamin E deficiency. Plasma cholesterol and 
triglycerides are low and apolipoprotein Bis absent in the 
plasma. Treatment includes dietary fat restriction anq 
large doses of vitamin E. 


Ataxia Telanglectasla 


Described on page 561. 


Friedreich Ataxia 


This is the most common autosomal recessive ataxia. It is 
caused by an unstable triplet repeat of the frataxin gene 
at chromosome 9q13. Onset of symptoms usually occurs 
between 2 and 15 years with a slowly progressive ataxia. 
Dysarthria, absent tendon reflexes, extensor plantar 
responses, pes cavus, scoliosis, loss of position and 
vibration sense, hypertrophic cardiomyopathy and 
diabetes are other associated features, 


Refsum Disease 


This rare autosomal recessive disorder is characterized 
by peripheral polyneuropathy, cerebellar ataxia, retinitis 
pigmentosa and ichthyosis. The symptoms evolve slowly 
and insidiously from childhood through adolescence and 
early adulthood. Blood levels of phytanic acid are 
increased in patients with Refsum disease. 


Joubert Syndrome 


This is a rare brain malformation characterized by 
hypoplasia of the cerebellar vermis as well as a malformed 
brainstem. The most common features of Joubert 
syndrome in infants include ataxia, hyperpnea, hypotonia, 
abnormal eye movements, seizures and impaired 
intellectual development. Physical deformities such as 
polydactyly, cleft lip or palate, kidney and liver 
abnormalities may also occur. Most cases are autosomal 
recessive in inheritance but some appear to be sporadic. 
A characteristic sign on MRI is the inverted ‘molar tooth’ 
sign seen in the brainstem and cerebellum. 
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Disorders of movement that impact the smoothness ate 
accuracy of movement are seen with many neurologic4 
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illnesses like hypo- or hypertonia, weakness and ataxia, 
This chapter will focus on involuntary abnormal 
movements, 1.e. excessive movements that are not under 
the patient's control. They usually occur as a result of 
disorders of the basal ganglia. 

Abnormal movements have been classified into 
5-6 types but there is such a rich variety of movements 
that all cannot be classified or even described. They require 
visualization, 

Abnormal movements need to be differentiated from 
convulsions. Unlike convulsions that are usually 
paroxysmal, occur during sleep or wakefulness and are 
associated with altered consciousness and abnormal EEG, 
abnormal movements are usually non-paroxysmal, tend 
to occur in awake state and disappear during sleep, and 
are unlikely to be associated with loss of consciousness or 
EEG abnormality. Important types are discussed below. 


Chorea 


This is a rapid, random, non-rhythmic, non-stereotyped 
and quasipurposive movement, often superimposed ona 
voluntary movement. Chorea may move from limb to limb 
or one side of body to another, giving the impression of 
restlessness. Describing chorea is tough as the movement 
is not stereotyped. ‘Jack in the box ‘movements may be 
seen. The movements are often elicitable by asking the 
patient to raise both arms above the head or stretched out 
in front. The examiner may feel alternating ‘milkmaid’ 
movements upon holding the patient’s hand. The most 
common conditions presenting with chorea in India are 
Sydenham chorea, Wilson disease and sequelae of 
meningoencephalitis (Table 19.10). 


Sydenham Chorea (rheumatic chorea) 


This is an immune-mediated late manifestation of 
rheumatic fever. Onset is insidious, often with unilateral 
chorea. Hypotonia, dysarthria and emotional lability may 
be present. The condition improves gradually over 34 


Table 19.10: Causes of chorea 


Chorea as predominant symptom 

Inherited defects: Glutaric aciduria, benign familial chorea, 
Wilson disease, Fahr disease, abetalipoproteinemia, 
Huntington chorea, ataxia telangiectasia, Lesch-Nyhan 
syndrome 

Systemic disorders: Sydenham chorea, hyperthyroidism, 
systemic lupus erythematosus 

CNS infections 

Tumors 

Drugs: Anticonvulsants, oral contraceptives, antiemetics, 
theophylline 


Chorea as one of the symptoms 


Perinatal brain insult 
Postinfectious 
Vascular disease: Stroke, Moyamoya disease 


months. Patients should receive prophylaxis against group 
A streptococcal infection. Pimozide, valproate, 
haloperidol, benzodiazepines or phenothiazines may be 
used to control abnormal movements. 

Chorea and other abnormal movements may be seen 
during recovery from tubercular or viral (especially JE) 
meningoencephalitis. Movements usually last several 
weeks to months and may be incapacitating. 


Athetosis 


These are slow, writhing, distal movements of the limbs. 
It may occur alone, usually after perinatal brain injury 
(perinatal asphyxia, kernicterus), or along with chorea, 
as choreoathetosis. 


Dystonia 


This refers to abnormal posture due to sustained muscle 
contraction. Focal dystonias, such as blepharospasm, 
orofacial or hemifacial spasm and writer’s cramp are rare 
in childhood. However, generalized dystonias in children 
may begin as focal dystonia. 


Torticollls 


Sustained turning of the head to one side may be caused 
by dystonia, benign paroxysmal torticollis, cervico- 
medullary malformations or syringomyelia, diplopia, 
juvenile rheumatoid arthritis, posterior fossa or cervical 
cord tumors and sternocleidomastoid injury or tumor. 


Benign Paroxysmal Torticollis 


Benign paroxysmal torticollis is believed to be a migraine 
variant. Episodes of head tilting and rotation to one or 
other side begin in the first year. Pallor, irritability, malaise 
and vomiting may be associated. Attacks last 1-3 days, 
remit spontaneously and recur 3-6 times per year. 


Dopa Responsive Dystonia 


Dopa responsive dystonia or Segawa disease is inherited 
in an autosomal dominant or recessive manner. Children 
present between 4 and 8 years of age with gait disturbance, 
toe walking and/or posturing of arms. A diurnal pattern 
is observed in more than half, with symptoms worsening 
by the evening. Small doses of levodopa provide 
immediate and complete relief. Untreated patients may 
progress to parkinsonism with cogwheel rigidity and 
bradykinesia. 


Idiopathic Torsion Dystonia 


Idiopathic torsion dystonia is an autosomal dominant 
condition with variable penetrance, occurring most 
commonly in Ashkenazi Jews. Presentation peaks 
bimodally at 9 years and 45 years. Dystonia begins in the 
legs to become generalized. Dysarthria, dysphagia, 
orofacial movements, postural tremor and blepharospasm 
may be present. Botulinum toxin helps in focal problems. 
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Trihexiphenidyl, baclofen, carbamazepine, benzodia- 
zepines or levodopa may be useful. Outcomes vary from 
complete disability to functional independence. 


Wilson Disease 


Wilson disease, an autosomal recessive disorder 
characterized by copper accumulation in liver, brain and 
cornea, presents variably at 3-50 years. Children usually 
present with acute or chronic hepatitis or hepatic failure. 
Neurological symptoms predominate in the second 
decade, and include disturbance of speech or gait, often 
unchanged for years, followed by dysarthria, dystonia, 
rigidity, abnormalities of gait and posture, tremor and 
drooling. Dementia and psychiatric symptoms may also 
occur. Almost all cases with neurological involvement 
show golden-brown pericorneal discoloration, termed 
Kayser-Fleischer rings. Diagnosis is suggested by reduced 
serum ceruloplasmin levels (<20 mg/dl), increased 
urinary copper excretion and increased hepatic copper 
content on biopsy. Patients require lifelong chelation with 
oral D-penicillamine or trientine, titrated to maintain 
urinary copper excretion at 5-10 times normal. Pyridoxine, 
zinc and vitamin E is given. Patients slowly recover over 
months. However, some patients progress to liver failure 
despite therapy, necessitating liver transplantation. 


Pantothenate Kinase associated Neurodegeneration 


Pantothenate kinase associated neurodegeneration is an 
autosomal recessive disorder associated with iron deposi- 
tion in basal ganglia. Patients present with progressive 
dystonia, initially affecting feet, leading to equinovarus 
deformity, followed by rigidity in hands. Two-thirds 
patients have retinitis pigmentosa while one-fourth 
develop seizures. MRI is characterized by ‘eye of tiger’ 
appearance of the basal ganglia on T2-weighted images. 
Management is symptomatic. 


Symptomatic Generalzed Dystonia 


Symptomatic generalized dystonia may follow various 
types of brain injury. Progressively severe dystonia is 
observed beginning 2-3 years after kernicterus or perinatal 
asphyxia. Patients with stroke, head trauma, tumor of 
basal ganglia, antiphospholipid syndrome and neuronal 
storage disease may show hemidystonia. 


Myoclonus 


These are sudden, brief, jerky, involuntary movements 
that are focal, multifocal or generalized. Generalized 
myoclonus is not stereotyped. Myoclonus is more 
common when awake but may not disappear completely 
during sleep. It may occur in isolation, as part of myoclonic 
epilepsy, where EEG shows epileptiform discharges, or 
as part of systemic or CNS disorders. Myoclonus cannot 
be voluntarily suppressed. A very wide variety of systemic 
and central nervous system disorders can cause 
myoclonus. Essential myoclonus refers to focal or 


generalized myoclonus that occurs chiefly citeling actlan 
or stress, involves the face, trunk or proxiital mntscles, 
has onset in first or second decade of life, and ts agscelated 
with normal BEG and neuroimaging, Therapy with 
nitrazepam or clonazepam may’ be useful, 


Tics 

These are sudden, brief, purposcless, complen stereotyped 
movements or utterances, Which are exacerbated by stress, 
are suppressible and disappear during sleep. Exaniplea 
include clearing the throat, eve blinking, gelnachig, Ip 
smacking and shrugging of shoulders, 

Tourette syndrome is characterized by motor and verbal 
tics and attention deficit. Verbal tics include snorting, 
sniffing, grunting or hissing. Disease course wanes and 
wanes over prolonged period. The condition ty perhaps 
caused by streptococcal infection in genetically predisposed 
individuals. Pimozide, haloperidol or fluphenazine may 
be used if the tics are bothersome. 


Tremor 


These are involuntary oscillating, rhythmic and usually 
distal movements of low amplitude on both sides of an 
axis, Tremors may be physiological, preciplatated by 
anxiety, fatigue, stress or drugs such as xanthines, 
adrenergic agonists, nicotine, thyroid hormone and 
amphetamines. Tremors may be secondary to injury to 
basal ganglia following meningoencephalitis and 
neurodegenerative diseases. 


Infantile Tremor Syndrome 


Infantile tremor syndrome was described in exclusis ely 
breastfed Indian infants, presenting at 8-18 months of age 
with listlessness, developmental delay and regression, 
pallor, depigmented sparse hair and hyperpigmented 
knuckles. Subsequent symptoms include progressive limb 
tremors, bleating cry, and arms positioned like a ‘bird 
about to take flight’. The condition is linked to cobalamin 
deficiency and responds to therapy with cobalamin and 
propranolol. 
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Neurological weakness of one-half of the body (upper and 
lower limb), termed hemiplegia, is caused most common'y 
by a stroke, defined as rapidly developing focal or globa 
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disturbance of brain function lasting more than 24 hours 
with no obvious nonvascular cause. Other causes of 
hemiplegia include transient ischemic attack, Todd palsy, 
granuloma, tumor, abscess, encephalitis, demyelinating 
disorders, congenital brain malformation, neurocutaneous 
disorders and migraine. 

Stroke may be broadly classified as ischemic or 
hemorrhagic variants that account for 55% and 45% of all 
cases in childhood, respectively. Ischemic stroke may be 
caused by arterial thrombi or embolism or due to cerebral 
venous sinus thrombosis. Weakness due to stroke is 
typically sudden, worst at the onset and improves 


gradually over days to months. Almost 20% of childhood 
stroke is recurrent, 


Acute Ischemic Stroke 


One or more risk factors for acute ischemic stroke, listed 
in Table 19.11, are present in two-thirds of patients. In the 
others, no cause for stroke can be found despite extensive 
evaluation. Patients with arterial thrombi may have 
prodromal symptoms, stuttering course and history of 
transient ischemic attacks, while those with embolism 
usually present with sudden loss of function. The precise 
neurological deficit depends on the site of infarction. The 
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Cardiac disease 

Complex cyanotic heart disease 
Infective endocarditis 
Cardiomyopathy 

Atrial myxoma; rhabdomyoma 


Hematological 

lron deficiency anemia 
Sickle cell disease 
Polycythemia 
Leukemias 


Prothrombotic disorders 
Protein C or S deficiency 
Antithrombin III deficiency 
Activated protein C resistance 
Factor V Leiden mutation 


Vascular conditions 
Cervicocephalic arterial dissection 
Moyamoya disease 
Fibromuscular dysplasia 

Diabetes 


Metabolic conditions 

Homocystinuria 

Mitochondrial encephalomyopathy lactic acidosis and stroke 
Fabry disease 


Drugs and toxins 

Cocaine 

Sympathomimetics; amphetamines 
Oral contraceptives 


Table 19.11: Risk factors for acute ischemic stroke 


|o7 


most common (90%) presentation is with hemiparesis, 
hemisensory signs, aphasia and/or visual field defects. 
Cortical strokes may cause convulsions, contralateral 
hemiparesis, cortical sensory loss and aphasia. Internal 
capsule infarction may cause contralateral dense 
hemiplegia, upper motor neuron type of facial palsy, 
hemianesthesia and homonymous hemianopia. Altered 
sensorium may occur with posterior fossa stroke. 
Brainstem infarction causes crossed paralyses of cranial 
nerve ipsilaterally and contralateral limb palsy. 

Initial stabilisation includes attention to airway, 
breathing and circulation, supportive treatment for 
hypoxemia, hypoglycemia, dehydration, seizures and fever. 
Thrombolysis with tissue plasminogen activator (tPA), 
adminstered intravenously within 3 hours and intra- 
arterial within 6 hours of the event, are recommended in 
adults; however, no clear guidelines are available for 
children. Pending investigations for cause, ultra- 
fractionated or low molecular weight heparin may be 
administered. 

Suggested evaluation is listed in Table 19.12. Neuro- 
imaging should be done as soon as possible. Ultrasound 
is useful if fontanelle is open. Transcranial Doppler shows 
changes in cerebral blood flow velocity in moderate to 
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Fibrillation; sick sinus syndrome; heart block 
Valvular heart disease 

Prosthetic valves 

Patent foramen ovale 


Disseminated intravascular coagulation 
Hemolytic uremic syndrome 
Thrombotic thrombocytopenic purpura 


Prothrombin gene mutation G20210A 
Hyperhomocysteinemia 
Antiphospholipid antibody syndrome 


Neurofibromatosis 
Vasculitis: Primary; secondary to lupus 
Infections: Tuberculosis; varicella 


Organic acidemias 
Ornithine transcarboamylase deficiency 
Pyruvate dehydrogenase deficiency 


L-asparaginase 
Anabolic steroids 





Table 19.12: Investigation for stroke 
Complete blood count with erythrocyte sedimentation rate 
Hemoglobin electrophoresis 
Complete lipid profile 


Imaging: Carotid Doppler; computed tomography if hemormage 

suspected; MR imaging, arteriography and venography; carotid 

angiography, if indicated 

Echocardiography and electrocardiography 

Evaluation for procoagulant state 

¢ During acute phase: Serum homocysteine levels; genetic 
testing for mutations (factor V Leiden, prothrombin gene); 
activated protein C resistance; lupus anticoagulant, 
anticardiolipin and (}, glycoprotein-1 antibody 

¢ After 8-12 weeks: Levels of protein C, S and antithrombin Ii! 


Antinuclear and anti-neutrophil cytoplasmic antibody; 
rheumatoid factor 





Fig. 19.10: Contrast enhanced computed tomography showing 
diffuse hypodensity with midilne shift in a paflent with acute 
middle cerebral artery Infarct 


severe ischemia. CT is preferred in unstable patients or 
when intracranial hemorrhage is suspected. It may be 
normal in early ischemic stroke for up to 72 hours after 
onset, after which there is edema in the affected area 
(Fig. 19.10). MRI can identify ischemia within hours and 
diffusion weighted imaging within 45 minutes. While four 
vessel carotid angiogram is most accurate for distal 
arteries, lesions of internal carotid artery, moyamoya 
disease, arteriovenous malformations and aneurysms, MR 
angiography is a satisfactory alternative. 

Appropriate rehabilitation should be planned. Long- 
term low dose aspirin is administered to prevent 
recurrence. Treatment of the underlying cause is important 
to prevent recurrence. Conditions with a high risk of 
recurrence (e.g. cardiac or prothrombotic disorders) 
require long-term oral anticoagulants. 
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Table 19.13: Causes of intracranial be 
Arteriovenous matiormation Sporadic; hereditary piecsiticese 
telangiectasia 
Capillary telangiectasis 
Cavernous malformations 
Aneurysms 
Bleeding and cictling diathess 
Yasculitis 
Hypertension 
Trauma 





Intracranial Hemorrhage 


Clinical presentation is more dramatic than with ischemic 
stroke, with severe headache and vomiting due to raised 
intracranial pressure, and meningeal signs due in leaking 
of blood into the CSF. Causes of intracranial hemor hag 
are listed in Table 19.13. A thorough evaluation is 
warranted as a potential cause is found in about A> cases. 
It must be noted that cerebral venous sinus % Dosis 
also can result in ICH because of back pressure. 

CT scan is preferred to MRI in diagnosis of hemormaze 
MR, CT or 4-vessel carotid angiography is js cope to 
delineate arteriovenous malformations and aneurys= 
Complete blood counts, including platelet count, clotting 
factor assays like von Willebrand factor antigen, tectar 
VII and factor XII and liver function tests are require=. 

Management consists of resuscitation and supporsve 
care. Identification of the cause may be followed by defri- 
tive treatment, in addition to rehabilitative measures. 
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Cerebral Venous Sinus Thrombosis (CVST) 


Risk factors for CVST are listed in Table 19.14. Throm>sis 
of cerebral veins presents with dilated scalp veins, feah-s 
of raised intracranial pressure and altered sensorium in 
addition to focal neurologic signs. Unenhanced CT =:2n 
may show linear densities (dense cord) in the sinv: -s. 
Later, enhanced CT scan may reveal a filling defec. or 


Table 19.14: Risk factors for cerebral venous sinus throm: 
Dehydration, hypoxia 


wi 


Cardiac disease: Congenital, postoperative, post-catheteniza:/2n 


Anemias: Sickle cell disease, iron deficiency anemia, 
thalassemia 


Head and neck infections 

Metabolic: Homocystinuria; prothrombotic disorders 
Nephrotic syndrome 

Malignancy: Leukemia, lymphoma 


Systemic diseases: Systemic lupus erythematosus, Beh¢et 
disease, inflammatory bowel disease 


Drugs: L-asparaginase, oral contraceptives, steroids 


Other structural conditions: Head injury, brain tumor, 
hydrocephalus, Sturge-Weber syndrome 
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empty delta sign. CT or MR venography is more definitive, 
Diffusion and perfusion MRI and digital subtraction 
angiography are needed in equivocal cases. A detailed 
evaluation for prothrombotic states is essential. 


Initial treatment is supportive. Antibiotics are given if 
bacterial infection is suspected. Ultrafractionated heparin 
or low molecular weight heparin followed by warfarin 
for 3-6 months is the treatment of choice. Thrombolytic 
treatment is recommended only in selected cases. 
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PARAPLEGIA AND QUADRIPLEGIA 


Paraplegia refers to weakness of trunk and both lower 
limbs, while quadriplegia denotes weakness of all four 
limbs. Paraplegia or quadriplegia may occur due to 
disorders of cerebrum, spinal cord, peripheral nerves, 
neuromuscular junction or muscles (Table 19.15). While 
cerebral disorders are upper motor neuron type, spinal 
cord lesions may cause either upper or lower motor 
neuron involvement and the other three types of lesions 
show lower motor neuron involvement. 


Cerebral Disorders 


Lesions involving parasaggital and periventricular areas, 
in particular, cause paraplegia or quadriplegia. Common 
causes include perinatal asphyxia, structural malformations 
and sequalae of CNS infections. 


Spinal Cord Disorders 


These may cause acute or chronic progressive paraplegia 
or quadriplegia. Cervical cord lesions present as 
quadriplegia, whereas lower lesions present as paraplegia. 
Lower motor neuron signs are present at the level of the 
cord lesion and upper motor neuron signs are noted below 
the lesion. Acute transverse lesions of the cord may cause 
spinal shock with loss of all motor, sensory, autonomic 
and reflex functions below the level of lesion. Patients with 
chronic spinal cord lesions present with clumsy gait, foot 
deformity and/or stunted limb growth. Malformations 
like meningocele and meningomyelocele are obvious at 
birth. The skin overlying spinal dysraphism may show 
abnormalities like pigmentation, tuft of hair, lipoma or 
sinus. Congenital atlanto-axial dislocation may cause acute 
or slowly progressive quadriplegia at any age, and is 
usually caused by odontoid hypoplasia, occurring either 
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‘Table 19.15: Causes of paraplagia or quadriplegia 
Spastic 


Compressive 
Tuberculosis of spine with or without paraspinal abscess 


Extradural: Metastasis from neuroblastoma, leukemia, 
lymphoma; inflammatory process, such as epidural abscess 
(usually posterior to the spinal cord), bony abnormalities such 
as achondroplasia, Morquio disease, hemivertebrae and 
occipitalization of atlas vertebra, atlantoaxial dislocation 
Intradural: Neurofibroma, dermoid cyst 

intramedullary: Glioma, ependymoma, hemato- or hydro- 
myelia 

Noncompressive myelopathies 

Vascular anomalies of the spinal cord: Arteriovenous 
malformations, hemangiomas and telengiectasia 

Trauma or transection of cord 

Transverse myelitis/myelopathy: Viral, neuromyelitis optica, 
segmental necrosis due to vascular occlusion, e.g. of anterior 
spinal artery 

Familial spastic paraplegia 

Lathyrism 

Degenerative spinal cord disease 


Supra-cord lesions 

Cerebral palsy 
Hydrocephalus 

Bilateral cortical disease 
Bilateral white matter disease 


Flaccid weakness 

Spinal shock in the initial stages of spinal cord damage, e.g. 
after trauma, vascular, inflammatory, neoplastic lesions, or 
transverse myelopathy 

Guillain-Barré syndrome 

Acute poliomyelitis 

Spinal muscular atrophies 

Peripheral neuropathies 

Botulism, Riley-Day syndrome 


Pseudoparalysis 
Surgery, osteomyelitis, fractures, myositis, metabolic myopathy 


in isolation or as part of Down syndrome, mucopoly- 
saccharidosis (e.g. Morquio syndrome) or Klippel-Feil 
syndrome (decreased number and abnormal fusion of 
cervical vertebrae). These are later replaced by upper 
motor neurone signs within a few days to weeks. 


Transverse Myelitis 


Transverse myelitis is an acute demyelinating condition 
of the cord characterized by sudden onset of often symme- 
trical leg weakness with loss of reflexes, movements and 
sensation below a certain level with bladder and bowel 
dysfunction over 1-2 days. Longitudinally extensive 
transverse myclitis may occur with optic neuritis sequen- 
tially or together, termed Devic disease (neuromyelitis 
optica), Diagnosis is enabled by contrast enhanced 
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ging of the cord. High dose HEADACHE —— - 





magnetic resonance ima 


intravenous steroids are the treatment of choice. Headache is a common reason for neurological consulta- 
tion in children. Headaches may be acute, recurrent or 
Spinal Muscular Atrophy chronic and primary (e.g. migraine) or secondary to an 


Spinal muscular atrophy is a hereditary disorder —j tracranial or systemuc cause. 

characterized by degeneration of the anterior horn cells 

of the spinal cord. There are 3 types with different age of Pathophysiology | 
presentation. Type 1 presents soon after birth with flaccid The brain and most of the dura and ependyma are pain 
quadriplegia. Tongue fasciculations are seen. Bxtraocular i vsensitive. Pain sensitive intracranial structutes are 
muscles are spared and the baby appears alert. Type 2 vascular sinuses, large arteries and dura mater at the base 
presents between 6 and 18 months of age and type 3 of the brain, and extracranial structures are skin, 
presents after 18 months of age with motor delay. 4, -utaneous tissue, cranial nerves, arteries, muscles, 
Diagnosis is by molecular testing. periosteum, sinuses and teeth. Inflammation, injury, 
displacement or traction of these structures may cause 
headache. The trigeminal and upper cervical nerves 
Spinal cord compression may be caused by congenital mediate the pain sensations. 

lesions, tumors, Pott’s spine, and disc prolapse. Root pains 

may be an initial symptom. It is important to remember _—_ Eyqluation of a Child with Headache 

that early symptoms of a compressive cord lesion may be 
missed especially in a young child and they may present 
suddenly like an acute noncompressive cord lesion. 





Spinal Cord Compression 


Evaluation is primarily clinical and investigations to 
rule out serious underlying disorders are required 
infrequently. A detailed history about the pattern of 
Polyneuropathy headache should include description of episodes, 
frequency, duration, location and associated symptoms. 
Severe progressive recent onset headache may suggest 
intracranial pathology. Neurologic examination should 
include fundus examination. 


The most common polyneuropathy presenting as quadri- 
plegia is acute inflammatory demyelinating polyneuropathy 
or Guillain-Barré syndrome. This postinfectious immune- 
mediated disorder presents acutely with symmetrical 
ascending paralysis, early and complete loss of deep 
tendon reflexes with or without sensory changes like pain, se | 
paresthesias and loss of position and vibration sense. Migraine presents as acute recurrent headache occurring 
Autonomic disturbances may occur. Involvement of episodes lasting 2-72 hours. Migraine accounts for 75% 
thoracic muscles may cause respiratory insufficiency, of consultations for headache, affecting about 10% 
which is important to recognize. Treatment options children aged 5-15 years. Below the age of 7 years, both 
include intravenous immunoglobulin and plasmapheresis.  5€X€S are equally affected. At older age, girls are affected 
more often. Typical features include unilateral localization 
Neuromuscular Junction Disorders (in two-thirds of patients), throbbing character, moderate 
Myasthenia gravis usually presents with ptosis and to severe intensity, triggering by stress, exercise, trauma 
weakness of extraocular muscles worsening in the later and menstruation and association with nausea, vomiting, 
part of the day. It may occasionally cause generalized photophobia and phonophobia. 
weakness. Repetitive nerve stimulation test shows a Migraine is classified as migraine with aura (classic 
decremental response. Antibodies against acetylcholine migraine), muet aine without aura (common migraine) and 
receptors are found in up to 85% of generalized immune ‘™™graine equivalents. Migraine without aura is twice as 


Migraine 


mediated myasthenia. common among school age children as migraine with 
aura, but both may occur in the same person. Usual 

Muscle Disorders features of aura are visual aberrations, flashing lights, 
These cause proximal weakness, usually with preserved gee lines, blind spots, blurred vision, hemianopia oF 
deep tendon reflexes. visua? hallucinations. Dysesthesias of limbs and perioral 
region, focal motor deficits like hemiplegia, ophthalmo- 

Suggested Reading plegia and aphasia may also occur. Aura is transient and 

iy ee ; usually lasts less than igrai iv ¥ 

Fenichel GM. Paraplegia and quadriplegia. In: Clinical Pediatric racic disturbanc ye aay Migraine si ua aren’ : : 
Neurology. 7th edn. Saunders, Philadelphia. 2013; pp. 253-269. y disturbance in neurologic function, including 


. McDonald CM. Clinical approach to the diagnostic evaluation of benign paroxysmal Vertigo, cyclic vomiting, par oxysmal 
herditary and acquired neuromuscular diseases. Phys Med Rehabil torticollis, acute confusional migraine, hemipleg!¢ 
Clin N Am 2012; 23:495-563. migraine and ophthalmoplegic migraine. 


* Menezes MP and North KN. Inherited neuromuscular disorders Famil i i 
; ; amuy history 1S present in 90% cases especially in 

P " . f : ; c , : 
athway to diagnosis. J Paediatr Child Health 2012; 48:458-465. classic migraine. Inheritance is believed to be multi- 
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factorial rather than Mendelian, and familial hemiplegic 
migraine is the only well-established monogeneic 
migraine syndrome, 

Known triggers of migraine should be avoided. During 
the attack, the child should be given an analgesic and 
asked to rest. Nonsteroidal anti-inflammatory drugs like 
ibuprofen are usually effective. Sleep is also effective; the 
attack is usually over by the time the child awakens. Selective 
serotonin agonists like sumatriptan, available as oral, 
sublingual preparations and nasal sprays, are effective and 
non-sedative. Severe migraine may benefit from intravenous 
prochlorperazine maleate, dihydroergotamine or sodium 
valproate. Prophylactic therapy is indicated, if there is 
significant school absenteeism. Flunarizine, amitriptyline, 
propranolol, topiramate and valproate may be used. 


Tension Type Headache 


This is a common type of headache, affecting 10-25% of 
children, with a lifetime prevalence of 70%. Headache could 
be episodic or chronic, persisting for weeks or months. 
Episodic tension type headache affects all ages and both 
sexes and is related to fatigue and stress. The pain is a 
constant ache usually localized to the back of head and neck. 
Itis probably mediated by sustained contraction of muscles 
attached to the skull. While nausea and vomiting are absent, 
photophobia and phonophobia may occur. 


Suggested Reading 
e Fenichel GM. Headache In: Clinical Pediatric Neurology. A signs 
and symptoms approach. 6th edn. Saunders, Philadelphia 2009; 


pp. 76-89. 
¢ Headache Classification Committee of the International Headache 


Society (IHS). The International Classification of Headache 
Disorders, 3rd edn. Cephalalgia. 2013; 33:629-808. 


RAISED INTRACRANIAL PRESSURE, SPACE OCCUPYING 
LESIONS AND HYDROCEPHALUS 


Intracranial pressure refers to the pressure of CSF within 
the cranium. It is normally pulsatile and less than 5 mm Hg 
in newborns, 6-15 mm Hg in infants and 10-15 mm Hg in 
older children. Intracranial pressure is considered severely 
elevated, if raised above 40 mm Hg. 


Pathophysiology 

Raised intracranial pressure results in decreased cerebral 
blood flow and/or herniation of brain tissue. Cerebral 
blood flow is normally about 50 mL per 100 g of brain 
tissue per minute and depends on cerebral perfusion 
pressure, the difference between mean arterial pressure 
and intracranial pressure. Various myogenic, metabolic 
and neurogenic autoregulatory mechanisms help maintain 
cerebral blood flow. Decrease in cerebral blood flow to 
below 40% leads to progressive ischemia, neuronal death, 
cerebral edema and further increase in intracranial 
pressure, leading to diffuse bilateral cortical dysfunction 
and coma. Causes of raised intracranial pressure are listed 
in Table 19.16 and common causes are discussed below, 





‘Table 19.16: Causes of raised intracranial pressure 
Hydrocephalus (For details, see Table 19.1 9) . 
Central nervous system Infections 
Intracranial hemorrhage 
Space occupying lesions: Tumors, granulomas, abscesses 


Metabolic causes; Reye syndrome; inborn errors of 
metabolism, acute hepatic failure 


Arterial, venous stroke 
Hypertensive encephalopathy 
Idiopathic 


Clinical Features 


Symptoms of raised intracranial pressure are headache, 
vomiting and visual disturbances, progressing to focal 
neurological deficits and coma. Chronically raised 
intracranial pressure before closure of sutures results in 
increased head size and hydrocephalus, presenting as 
bilateral sunsetting, tense bulging anterior fontanelle, 
hypertension and bradycardia. Sixth cranial nerve palsy 
due to raised intracranial pressure, termed a false 
localizing sign, presents as squint and diplopia. In older 
patients with closed sutures, percussion of the skull 
produces a sound like a cracked pot, termed a positive 
Macewen sign. Herniation of brain tissue causes various 
clinical syndromes (Table 19.17), compression of the 
brainstem, coma and death. 


Management 


Invasive methods to monitor intracranial pressure with 
intracranial catheters and transducers should be used only 
in intensive care setting with strict aseptic precautions and 
are contraindicated in presence of coagulopathy. Measures 
to manage raised intracranial pressure are listed in 
Table 19.18. 


Space Occupying Lesions 
Brain Tumors 


Primary brain tumors are the second most common 
malignancy in childhood after leukemia, and may be 
malignant or benign. Their incidence is increased in 
neurocutaneous syndromes like tuberous sclerosis and 
neurofibromatosis. Tumors present chiefly with focal 
neurological deficits and symptoms of raised intracranial 
pressure. Two-thirds of pediatric brain tumors are 
infratentorial. Of these, medulloblastoma and cerebellar 
astrocytomas account for a third each while brainstem 
gliomas and ependymomas constitute the majority of the 
rest, Since the posterior fossa is tightly encased with 
narrow CSF pathways, infratentorial tumors present with 
raised intracranial pressure and hydrocephalus. Common 
supratentorial tumors include astrocytomas, cranio- 
pharyngioma, ependymomas, choroid plexus papillomas 
and pineal body tumors. Neuroimaging by MRI helps 
define the nature and extent of tumor. 
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Table 1 9.17: Hemiation syndromes 





Location/type 
Subfalcine 


Abnormality 


Lateral transtentorial 
and parahippocampal gyrus 


Central transtentorial 


Upward transtentorial 
midbrain 
Transforaminal 
and medulla 


Table 19.18: Management of raised intracranial pressure 
Raise head end by 30 degrees; keep head in midline 
Hyperventilate to maintain PCO, at 30-35 mm Hg 


Administer mannitol at 0.25—1 g/kg (1.25-5 mL/kg of 20% 


solution) as intravenous (IV) bolus; repeat every 8 hours for 
48-72 hours 


Administer hypertonic (3%) saline at 0.1-1 mL/ko/hr to maintain 
serum sodium at 145-155 mEq/L 


Administer IV furosemide at 1-2 mg/kg/dose 

Switch to oral acetazolamide or glycerol when stable 
Consider corticosteroids (oral or IV) for vasogenic edema 
Consider decompressive craniectomy 


Medulloblastoma: These midline cerebellar tumors 
usually affect young children, accounting for 30-40% of 


Medial displacement of the cingulate gyrus 


Downward and medial displacement of uncus 


Downward displacement of diencephalic structures 


Upward displacement of cerebellar vermis and 


Downward displacement of cerebellar tonsils 


Clinical features 


{mpaired consciousness, monoparesis of the 
contralateral lower limb 


Unilateral dilated pupil with ptosis (third nerve 
palsy); impaired consciousness; abnormal 
respiration; hemiparesis 

Impaired consciousness; abnormal respiration; 
symmetrical small reactive or midposition fixed 
reactive pupils; decorticate followed by 
decerebrate posturing 


Prominent brainstem signs; downward gaze 
deviation; decerebrate posturing 


Neck rigidity; impaired consciousness; 
ophisthotonus; decerebrate rigidity; vomiting; 
irregular respiration; apnea; bradycardia 


pediatric posterior fossa tumors. Boys are affected 
2-4 times as often than girls. These rapidly growing, 
malignant tumors present with cerebellar signs and 
features of raised intracranial pressure. Neuroimaging 
reveals a midline mass arising from the vermis, effacing 
the fourth ventricle and basal cisterns, causing obstructive 
hydrocephalus (Fig. 19.11a). The tumors are usually 
hyperdense with prominent enhancement (90%) and 
associated with cysts or necrosis (40-50%) or calcification 
(10-20%). Forty percent of patients have evidence of CSF 
seeding at diagnosis. The prognosis is poor. 

Cerebellar astrocytoma: These arise from either cerebellar 
hemispheres, and present with ataxia, incoordination and 
nystagmus. Most tumors are low-grade and slow-growing 


and carry a satisfactory prognosis as they can usually be 
excised completely. 
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Fig. 19.11: Contrast enhanced tomography In the setting of ralsed intracranial tension showing (a) Enhancing heterogenous dict 
arising from vermis suggesting medulloblastoma; (b) Leff parietal enhancing lesion with midline shift In a case of brain apsce™ 
and (c) Multiple basal ring enhancing lesions and meningeal enhancement in a patient with tubercular meningitis 
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Brainstem glioma: These usually present between 5 and 
10 years of age with lower cranial nerve palsies, long tract 
signs, cerebellar signs and signs of raised intracranial 
pressure. While both focal brainstem gliomas and diffuse 


intrinsic pontine glioma carry grave prognosis, the latter 
have worse outcomes. 


Ependymoma of the fourth ventricle: These arise from cells 
jining the ventricle. Tumors arising from the floor of the 
fourth ventricle present with torticollis and ataxia, while 
those arising from the side of the ventricle affect cranial 
nerves, presenting with impaired hearing, dysphagia and 
clumsiness, 


Craniopharyngioma: These are cystic benign supratentorial 
tumors arising from the squamous epithelial rest cells of 
the Rathke pouch. Clinical features include growth failure, 
visual field defects (bitemporal hemianopsia or unilateral 
or asymmetric field defects), signs of raised intracranial 
pressure and endocrine abnormalities like diabetes 
insipidus and delayed puberty. X-ray skull may reveal 
calcifications. Treatment includes cyst aspiration and 
radiotherapy. 


Glioma of cerebral hemispheres: These usually present 
with seizures and hemiparesis; features of raised 
intracranial pressure are usually delayed. Histologically, 
these may be astrocytoma, oligodendroglioma or 
glioblastoma. 


Glioma of optic nerve: These relatively uncommon tumors 
usually occur in a setting of NFl and present with 
decreased vision, and later with proptosis, symptoms of 
raised intracranial pressure, focal neurological deficits and 
hydrocephalus. Hypothalamic involvement may result in 
polyuria and polydipsia. Imaging indicates an enlarged 
optic nerve. 


Brain Abscess 


Infection within the brain parenchyma leads to brain 
abscess formation, usually in the setting of a predisposing 
condition. Congenital cyanotic heart disease account for 
25-45% of brain abscess in children. Infected sinuses, 
middle ear or tooth infection, bacterial meningitis, 
compound skull fractures, penetrating skull injury, 
neurosurgery and immunodeficiencies are other 
predisposing conditions. Microorganisms implicated 
include streptococci (both aerobic and anaerobic), gram- 
negative anaerobic bacilli, Enterobacteriacae and 
Staphylococcus aureus, Fungi and mycobacterial infection 
may occur in immunocompromised patients. | 
Classically, the presentation is subacute witha triad of 
fever, focal neurological deficits and signs of raised 
intracranial pressure. However, fever may be lacking in 
20-50% patients or may be low grade. Intense 
inflammation and edema produce severe mass effect, 
leading to herniation and death. MRI helps identify early 
cerebritis, microabscesses and posterior fossa collection. 
e abscess appears as a ring-enhancing lesion with 


surrounding edema. Large lesions show mass effect, 
distortion of surrounding structures and midline shift 
(Fig. 19.11b). CSF may show mild pleocytosis due to 
meningeal reaction; however, lumbar puncture is usually 
contraindicated because of risk of herniation. Management 
includes administration of intravenous antibiotics with 
good penetration into the CSF for 4-8 weeks. Anaerobic 
coverage must be ensured. A third-generation cephalo- 
sporin with vancomycin and metronidazole provides 
satisfactory empiric coverage. Drainage of the abscess 
must be done through burr hole, craniectomy, craniotomy 
or by stereotactic aspiration. 


Subdural Collections 


Subdural collections usually occur as a complication of 
bacterial meningitis, chiefly in infancy. Subdural 
effusions are usually sterile and resolves spontaneously; 
drainage is only necessary if associated with pressure 
effect. They may, however, be associated with prolonged 
fever. Subdural empyemas are collections of pus in 
subdural spaces and are detected on imaging by an 
enhancing capsule. They usually require drainage but may 
refill. Subdural hematomas are usually traumatic and 
present with features of chronically raised intracranial 
pressure. A vascular membrane forms around the 
hematoma. As blood cells get absorbed, the fluid’s protein 
content increases, thus increasing oncotic pressure that 
draws fluid into the hematoma. The collection grows, 
tearing small bridging veins within the hematoma, further 
increasing bleeding. The sequence of bleeding, increased 
pressure and growth repeats itself. The skull may show 
positive transillumination. Imaging reveals a biconvex 
collection, as compared to the crescent shape seen with 
epidural collections. 


Granulomas 


These lesions are more common in developing countries, 
and include tubercular, parasitic, and less commonly, 
fungal granulomas. 


Tuberculoma 


Tuberculoma is a common space occupying lesion, 
occurring alone or with tuberculous meningitis. 
Symptoms include seizures, focal neurological deficits and 
raised intracranial pressure. Imaging shows large 
(>20 mm) conglomerate ring-enhancing lesions in the 
supratentorial compartment (Fig. 19.11¢). Tuberculomas 
are more irregular in outline than cysticercal lesions and 
may cause mass effect and midline shift. There may be 
intense perifocal edema. A hypodense centre suggests a 
tubercular abscess. Tuberculomas may appear or increase 
in size even while the patient is on antitubercular treat- 
ment, probably due to immune reconstitution. Treatment 
involves antitubercular treatment, including two months 
of intensive (four drug) therapy and 10 months of 
maintenance (isoniazid and rifampicin) therapy. 
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Hydrocephalus 

This term prefers to abnormal accumulation of CSF in the 
brain, leading to increased pressure and increased 
ventricular size, and if occurring before sutural fusion, in 
incrdised head size. 


Roatoanysology 


CSP is produced by the ventricular choroid plexus by 
ultratiltration and active secretion at a rate of 20 mL/hr 
aud passes through the ventricular system to be absorbed 
by arachnoid granulations into venous sinuses. 
Hydrocephalus is termed obstructive when there is 
obstruction to flow of CSF in the ventricular system and 
communicating when there is increased production or 
defective absorption of CSF due to non-obstructive causes. 
Chief causes are listed in Table 19,19, 


Clinical Features 


A large head may cause difficulty in delivery, making 
Cesarean section necessary. Infants present with large 
tense anterior fontanelle or an abnormally rapid growth 
in head size, manifest as increase in head circumference 
by more than 1 cm every fortnight, separation of sutures 
by more than 0.5 cm after the first 2 weeks and persistent 
Widening of the squamoparietal sutures. After sutural 
fusion, children usually present with symptoms of raised 
intracranial pressure, A positive Macewen or crack pot 
sound on skull percussion suggests sutural separation. 
The setting sun sign indicates upward gaze palsy due to 
pressure on the quadrigeminal plate. 

Differential diagnosis of a large head include rickets, 
hemolytic anemia, achondroplasia, familial macrocephaly, 
megalencephaly and neurometabolic disorders (muco- 
polysaccharidoses, Tay-Sachs, Canavan and Alexander 
diseases), Where fontanelle is open, cranial ultrasound 
reveals increased ventricular size. CT scan and MRI 
provide details on severity and etiology. Mildly enlarged 
ventricles may be seen in cerebral atrophy and should not 
be confused with hydrocephalus. 


Table 19.19: Causes of hydrocephalus 
Congenital 
Aqueductal stenosis (X-linked) 
Dandy-Walker malformation 
Arnold-Chiari malformation 
Vein of Galen malformation 


Intrauterine infections (toxoplasmosis, rubella, cytomegalo- 
virus) 


Arteriovenous malformation 
Acquired 

Intraventricular hemorrhage 
CNS Infections 


bet and space occupying lesions, especially of posterior 
a 
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Management | 
Untreated hydrocephalus before sutural fusion results in 
grossly increased head size and cortical thinning. Afty, 
sutural fusion, untreated cases usually BUSECLBID to raised 
intracranial pressure. While medical measures may 
temporarily reduce intracranial pressure, Sue diversion, 
most commonly by a shunt, is more useful. Usually valved 
tubing is placed between the ventricle and peritoneal 
cavity. The ventriculoperitoneal shunt usually requires 
multiple revisions as the child grows older. Shunt Surgery 
may be complicated by infection leading to meningitis, 
shunt displacement, block or kinking leading to chronic 
shunt dysfunction, and abdominal complications such as 
peritonitis or abscess. Another option for obstructive 
hydrocephalus is endoscopic third ventriculostomy that 
allows CSF to pass directly into the basal cisterns. 


Prognosis 


Outcomes of hydrocephalus are guarded. Almost two- 
thirds of children have variable mental and motor 
disabilities, even with appropriate treatment, 


Idiopathic Intracranial Hypertension 


Previously termed benign intracranial hypertension or 
pseudotumor cerebri, the condition is characterised by 
normal or reduced ventricular size and normal CSF 
chemistry. Idiopathic intracranial hypertension usually 
affects adults or adolescents, chiefly female, and is 
associated with obesity. Its pathophysiology remains 
unclear. Suggested mechanisms include increased CSF 
production, decreased CSF absorption or increased 
cerebral venous pressure, ina setting of endocrinopathy, 
anemia or use of vitamin A derivatives, tetracyclines, 
steroids or hormonal contraceptives. 

Patients present with symptoms of increased intracranial 
pressure, such as headache, diplopia or blurred vision. Sixth 
cranial nerve palsy may occur as a false localizing siyn. If 
present, papilledema and visual deficits require prompt 
evaluation and treatment. Options in management include 
oral acetazolamide, glycerol or corticosteroids, repeated 
lumbar puncture and surgical decompression (optic nerve 
sheath decompression and shunt Surgery) 


Suggested Reading 
* Aylward, Shawn C. et al. Pediatric intracranial hypertension. 
Pediatric Neurology 2017: 66:32-43., 


* Fenichel GM. Management of increased intracranial pressure. In: 


Clinical Pediatric Neurology. 7th edn, Saunders, Philadelphia. 2013. 
pp 89-112. 


* Kumar R. Approach and management of children with raised 
intracranial pressure. J Pediatr Crit Care 2015; 2:13. 


COMA 
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Definition and Pathophysiology 


The word coma, derived from the Greek word ‘koma’ of 
deep sleep, represents a state of sustained severe alteration 













Diseases of Central Nervous System 


| 70 
SOOT 


of comsciousniess. Normal consciousness is maintained by 
integrity of cerebral cortex, thalamus and brainstem and 
regulated by the ascending reticular activating system, 
located In upper pons, midbrain and diencephalon. 
Altered consciousness or coma results from diffuse lesions 
of bilateral cerebral cortex or focal lesions of the ascending 
reticular activating system (Table 19.20). The most 
comunon causes of coma are trauma and CNS infections. 
Raised intracranial pressure causes hemiation of brain 
structures, compressing the brainstem (Table 19.17). 


Evaluation 
General Physical Examination 


Patients with raised intracranial] pressure show 
bradycardia and hypertension. The respiratory pattern 
may indicate the level of the lesion. Cheyne Stokes 
breathing is observed in diencephalic involvement, while 
Table 19.20: Causes of coma 

Causes without focal neurological signs 

Cerebrospinal fluid is normal 

Poisonings, narcotic agents, toxins 

Metabolic disorders, e.g. hypoglycemia, diabetic acidosis, 
uremia, indDorn metabolic errors, Reye syndrome, hepatic 
encephalopathy 

Head injury, concussion 

Septicemia, cerebral malaria, dengue 

Postictal 


Hyperpyrexia, febrile encephalopathy 
Water intoxication 

Cerebrospinal fluid is abnormal 
Meningitis 

Encephalitis 

Subarachnoid hemorrhage 

Cerebral vein thrombosis 

Midline cerebral tumors 


Causes associated with focal neurological signs 


Demyelinating disorders 

Postictal coma 

Intracerebral bleed, vascular malformation 

Tumors, infarcts, strokes 

Infections: Brain abscess, subdural empyema, encephalitis 
Head injury, intracranial hemorrhage 


Miscellaneous 
Systemic illnesses, hypertension, shock 
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apneustic and ataxic breathing patterns suggest 
progressive brainstem compression. Clues to etiology on 
examination include evidence of injury and tongue bite 
(trauma); jaundice and fetor hepaticus (liver disease); 
petechiae (coagulopathy); ketotic breath odor (metabolic 
disease); dry flushed skin (belladonna poisoning) and 
moist skin with increased salivation (organophosphorus 


poisoning). 


Neurological Examination 


The severity of coma is assessed by Glasgow Coma Scale 
modified for use in children (Table 19.21). Alternatively, 
the alert, response to verbal, response to pain, 
unresponsive (AVPU) scale is administered, using a deep 
painful stimulus by a strong pinch or pressure on the 
nailbed or supraorbital area. Meningeal signs, tone and 
posturing are looked for. Decerebrate posturing suggests 
injury to upper pons, while decorticate posturing indicates 
bilateral cortical lesion with preserved brainstem function. 
Flaccid areflexia indicates loss of all cortical and brainstem 
functions up to the pontomedullary junction. 

Fundoscopy may indicate papilledema, hemorrhage or 
signs of hypertension. Pupils are pinpoint in pontine 
lesions and morphine poisoning and small, equal and 
reactive in coma due to metabolic or toxic causes. Bilateral 
fixed dilated pupils are seen preterminally, in severe 
ischemia or with atropine or belladonna poisoning. 
Unilateral unreactive pupil indicates impending 
transtentorial herniation. Sixth cranial nerve palsy is often 
a false localizing sign. 

Focal neurological deficits suggest a structural lesion. 
Papilledema, hypertension, bradycardia, abnormal 
breathing pattern, posturing and third and sixth cranial 
nerve palsies suggest raised intracranial pressure. 
Brainstem reflexes including doll’s eye, oculovestibular 
and corneal reflexes provide information on the integrity 
of the brainstem. 


Investigations 


Complete blood counts, blood glucose, electrolytes, 
kidney and liver fiunction tests, venous blood gas, serum 
ammonia and lactate should be ordered. Where indicated, 
screening for toxins should be performed. Blood and CSF 
cultures should be obtained if suspecting an infection. 
Neuroimaging helps assess for structural brain injury. 
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“Table 19.21: Glasgow Coma Scale modified for children below 2 years of age 


Score Best motor response Best verbal response Eye opening 
1 None None None 

2 Extension to pain Moaning to pain To pain 

3 Flexion to pain Crying to pain To call 

4 Withdrawal to pain Irritable cry Spontaneous 
9 Localises Cooing and babbling 

6 Moves on command 
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Management 


The first priority in managing coma is ensuring that 
airway, breathing and circulation are maintained. Specific 
therapy is administered where available. Supportive 
treatment includes antipyretics for fever, anticonvulsants 
for seizures, and measures to manage raised intracranial 
pressure (Table 19.18). Sedative anticonvulsants are 
avoided to prevent interference with evaluation of depth 
of coma. Appropriate nursing is essential in improving 
outcomes during prolonged coma, and includes chest 
physiotherapy to prevent hypostatic pneumonia, adequate 
nutrition, care of the skin and eyes to prevent bedsores, 
corneal ulceration and exposure keratitis, care of the bowel 
and bladder to prevent constipation, fecal impaction and 
urinary tract infection, and physiotherapy to prevent deep 
vein thrombosis and contractures. 

The patient should be placed in lateral head down 
position with frequent changes from side to side. This 
position—also called the ‘recovery’ (from anesthesia) 
position reduces obstruction to breathing from tongue 
falling back, protects against hypostatic pneumonia by 
facilitating drainage from lungs and guards somewhat 
against aspiration. 


Persistent Vegetative State 


This term refers to a state after recovery from coma when 
the patient returns to a wakeful state with preserved sleep 
wake cycle but without any awareness. 


Brain Death 


This term refers to complete cessation of all brain function 
including the brainstem. Criteria for brain death are listed 
in Table 19.22. The proximate cause of brain death should 
be known and the condition should be irreversible, with 
potentially reversible causes excluded, including use of 
CNS depressants, hypothermia, shock, and metabolic and 
endocrine disturbances. All brainstem reflexes should be 
absent with apnea. Since brains of young infants have 
increased resistance to damage, longer observation 
periods and ancillary tests are recommended in this group. 
Two independent physicians must conduct a full 
examination twice at the recommended time interval. The 
apnea test should be performed by disconnecting the 
patient from the ventilator after achieving normal blood 
gas, allowing arterial carbon dioxide to rise to 60 mm Hg 
or 20 mm Hg above baseline; absence of respiratory effort 
(positive apnea test) is consistent with brain death. 

It is possible to sustain life on life support systems 
sometimes indefinitely even after brain death but the indi- 
vidual can never return to a functional state. The diagnosis 
of brain death is important in deciding to discontinue the 
life support systems and also for organ transplantation. 

Different countries have their own laws and criteria for 
diagnosis of brain death. 
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Table 1 9.22: Guidelines to determine brain death* 
Clinical criteria: Complete loss of conciousness, vocalization 
and volitional activity 
Absent brainstem reflexes: Absence of all of the following; 
Pupillary responses to light (with pupils midposition, 4-6 mm) 
Oculocephalic reflex 
Oculovestibular (caloric) responses 
Corneal reflex 
Jaw reflex 
Facial grimacing to deep pressure on supraorbital ridge or 
temporomandibular joint 
Pharyngeal gag reflex 
Coughing in response to tracheal suctioning 
Sucking and rooting reflexes 


Apnea: Absence of respiratory drive at PaCO, of 60 mm Hg 
or 20 mm Hg above baseline 
Prerequisites 
Clinical and/or neuroimaging evidence of acute CNS 
catastrophe severe enough to explain the condition 
Core temperature more than 32°C* 
No drug (sedatives, narcotics) or alcohol intoxication, 
poisoning or neuromuscular blockade 
Normal blood pressure 
No confounding conditions such as severe electrolyte, acid- 
base, metabolic or endocrine disturbances 
Two evaluations, separated by a time interval of 48 hours, if 


<2 months old; 24 hours, if 2-12 months old; 12 hours, if 1-18 
years old; and at any interval, if >18 years old 


Ancilliary tests: Two tests required if <2-month-old; one test 
if 2-12-month-old; tests optional if >1 year old™ 


Cerebral angiography 
Electroencephalography 

Transcranial Doppler ultrasonography 
Cerebral scintigraphy 


“Adapted from American Academy of Pediatrics, Task Force on 5rain 
Death in Children 2011, and the American Academy of Neurcogy, 
Practice Parameters for the Clinical Diagnosis of Brain Death; and 
consistent with the Indian Transplant of Human Organs (THO) Ac*, 2974 
“35°C according to the THO act 


“Two tests 6 hours apart at all ages according to the THO Act 


Suggested Reading 


* Act and Rules under Transplant of Human Organs Act (THOA) 
Transplantation of Human Organs and Tissues Rules, 2014; 
available at notto.nic.in/act-end-rules-of-thoa.htm. 

e Nakagawa et al. Guidelines for the determination of brain death 
in infants and children: An update of the 1987 Task Force 
recommendations. Critical Care Medicine. 2011; 39: 2139-55. 

° Taylor DA, Ashwal S. Impairment of consciousness and coma. In: 
Swaiman KF, Ashwal S, Ferriero DM. eds. Pediatric neurology: 
principles and practice.5th ed. Philadelphia: Elsevier Publications: 
2006. p. 1379-1400. ) 

¢ Sharma S, Kochar GS, Sankhyan N, Gulati S. Approach to the child 
with coma. Indian J Pediatr.2010; 77:1279-87. 
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Neuromuscular Disorders 


A motor unit comprises one anterior horn cell and all the 
muscle fibers that it innervates. Neuromuscular disorders 
may be due to lesions anywhere along the motor unit. 
These include neuronopathies (disorders of anterior horn 
cell), neuropathies (disorders of axon or its myelin), 
neuromuscular junction disorders and myopathies 
(disorders of muscle). 


APPROACH TO EVALUATION 


The predominant presenting complaint of a patient with 
a neuromuscular disorder is weakness. Weakness may 
also result from disorders of the upper motor neuron, e.g. 
cerebral palsy. Weakness due to an upper motor neuron 
lesion is associated with increased tone, brisk reflexes and 
extensor plantar responses. Additional features that 
suggest central nervous system involvement include 
decrease in level of consiousness, seizures and cognitive 
impairment. 

Lower motor neuron lesions are associated with 
significant weakness, hypotonia, depressed reflexes and 
flexor plantar responses. Anterior horn cell involvement 
(e.g. spinal muscular atrophy) is associated with 
generalized weakness and wasting, fasciculations and 
hyporeflexia. Peripheral nerve involvement (e.g. hereditary 
sensory and motor neuropathies) 1s associated with 
predominantly distal weakness and wasting, hyporeflexia 
and sensory involvement. Neuromuscular junction 
involvement (e.g. myasthenia gravis) leads to fatigable and 
fluctuating weakness. Muscle diseases (e.g. muscular 
dystrophies) present with proximal weakness ane 
relatively preserved bulk and reflexes. The mode o 
inheritance is variable, e.g. X-linked recessive Duchenne 
Muscular dystrophy and Becker muscular dystrophy; 
autosomal dominant in facioscapulohumeral dystrophy; 
and autosomal recessive in sarcoglycanopathies and 
congenital muscular dystrophies. 7 . 

The presentation and pattern of disease over time 
allows definition of possible conditions: Mascules 
dystrophy is associated with inexorable weakness. 
Metabolic disease and ion channelopathies (periodic 
Paralysis) are associated with episodic course. 
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Inflammatory disorders such as dermatomyositis are 
associated with waxing and waning course and pain. 
Cardiac disease often accompanies Duchenne muscular 
dystrophy, Pompes disease and myotonic dystrophy. Skin 
rash is seen in dermatomyositis; eyes are involved in 
myotonic dystrophy, congenital muscle dystrophies and 
mitochondrial diseases. Liver involvement may be seen 
with mitochondrial disorders, acid maltase deficiency and 
carnitine deficiency. 


Laboratory Evaluation 


Creatine phosphokinase (CPK), a muscle enzyme, is 
elevated in most muscular dystrophies. Muscle biopsy 
enables diagnosis based on specific morphological 
features, immunohistochemistry (absent or reduced 
staining for specific protein) and enzyme histochemistry 
(absent or reduced enzyme function). Electrophysiological 
tests, including nerve conduction studies and 
electromyography, help localize the lesion and assess its 
severity. Muscle imaging (ultrasound and MRI) is useful 
in certain cases. Molecular genetic testing is available for 
many disorders, including spinal muscular atrophy and 
Duchenne muscular dystrophy. 


Hypotonia 


Hypotonia is a common sign of neuromuscular disorders. 
Any lesion along the motor unit can result in peripheral 
hypotonia, characterized by depressed muscle stretch 
reflexes and loss of muscle power. The common causes of 
floppiness in infants are shown in Fig. 20.1. Hypotonia in 
utero may result in hip dislocation or multiple contractures 
(arthrogryposis). The mother may give a history of reduced 
fetal movements or polyhydramnios. 

An alert hypotonic infant with absent deep tendon 
reflexes, predominantly distal movements and 
fasciculations is the typical phenotype of spinal muscular 
atrophy. Neuropathies usually present later in childhood. 
Atrophy out of proportion to weakness, depressed or 
absent reflexes and predominantly distal weakness 
suggests a nerve disorder. Fatigability, ptosis, proximal 
muscle weakness and history of myasthenia gravis in the 
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Central Hypotonia 


Chromosomal disorders 
Prader-Willi syndrome; trisomies 


Static insult 
Cerebral malformations 
Perinatal insult 


Infections 
Sepsis/Meningitis; intrauterine infections 





Peripheral Hypotonia 


Nerve 

Charcot-Marie-Tooth disease 
Congenital hypomyelinating neuropathy 
Giant axonal neuropathy 


Neuromuscular junction 
Congenital myasthenia 
Transitory myasthenia 
Botulism 







Neurometabolic conditions 
Acid maltase deficiency 
Biotinidase deficiency 
GM1/GM2 gangliosidosis 
Lowe syndrome 

Peroxisomal disorders 
Familial dysautonomia 


Benign congenital hypotonia 


Anterior horn cell 
Spinal muscular atrophy 


Congenital myopathies 
Congenital muscular dystrophy 


Fig. 20.1: Common causes of ‘floppy Infant’. Maintenance of normal tone requires an intact central and peripheral nervous 


system 


mother suggest a neuromuscular junction disorder, 
Predominantly proximal muscle weakness, normal or 
depressed tendon reflexes and static or improving course 
indicate a muscle disease. Deep tendon reflexes are 
preserved in muscle disease or, if reduced, are in 
proportion to the degree of muscle wasting and weakness. 
Atrophy is less prominent in muscle disorders. 


Central hypotonia is characterized by preserved muscle 
power and normal or brisk deep tendon reflexes. 
Sometimes patients may display features of both central 
and peripheral hypotonias; common causes of mixed 
hypotonia include hypothyroidism, motor unit disorders 
with superimposed hypoxia, acid maltase deficiency, 
mitochondrial disorders and infantile neuronal 
degeneration. 


Mixed hypotonia: Features of both central and peripheral 
hypotonias as in lysosomal storage disorders, 
mitochondrial disorders and peroxisomal disorders. 


Suggested Reading 
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¢ McDonald CM. Clinical approach to the diagnostic evaluation of 
hereditrary and acquired neuromuscular diseases, Physical 
medicine and rehabilitation clinics of North America. 2012; 
23(3):495-563. 


Muscle Weakness In Older Children 


Distal weakness is predominantly seen in neuropathies 
and some muscle disorders like myotonic dystrophy. 
Proximal weakness has broad differential diagnosis 
(Fig. 20.2). The child may complain of difficulty in rising 
from the chair, going up and down the stairs or reaching 
with their arms. Some disorders such as chronic 
inflammatory demyelinating polyneuropathy (CIDP) and 
certain muscle dystrophies show both proximal and distal 
weaknesses. 


DISORDERS AFFECTING ANTERIOR HORN CELLS 


Spinal muscular atrophy and poliomyelitis are the two 
most common anterior horn cell disorders in children. 
Besides these, other enteroviruses (e.g. coxsackievirus and 
echovirus), juvenile form of amyotrophic lateral sclerosis, 
and neurometabolic disorders like Tay-Sach disease, 
neuronal ceroid lipofuscinosis and Pompe disease, may 
also involve anterior horn cells. 


——— 


Spinal Muscular Atrophy 


This is an autosomal recessive disease caused by 4 
mutation in the SMN1 gene at chromosome 5q13.2 regio™ 
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Fig. 20.2: Clinical approach to a child with proximal muscle weakness 


This region also carries SMN2 gene, the copy number of 
which acts as a main modifier of the various clinical 
phenotypes encoding the SMN protein of anterior motor 
horn cells. Four clinical types are recognized. Type 0: It is 
the most severe form and presents in the fetal life. Most 
children do not survive. Patients with type 1 disease 
(Werdnig-Hoffmann disease) present with profound 
hypotonia, flaccid weakness and global areflexia 
(Fig. 20.3). Respiratory weakness, poor swallowing and 
tongue fasciculations are common. These children usually 
never learn to sit. Aspiration pneumonia is an important 
cause of morbidity and mortality. Patients with type 2 
disease (Dubowitz disease) have onset of illness at 6-18 
months of age and are usually able to sit unaided. They 
may develop kyphoscoliosis, tremors (polyminimyo- 
clonus), poor swallowing and respiratory insufficiency. 
Patients with type 3 disease (Kugelberg Welander disease) 





i 
| 
3 


Sm meee ee 


Fig. 20.3: A 5-month-old boy with motor delay and repeated 


Chest Infections, shows generalized hypotonia, absent deep 
tendon reflexes, poor Muscle power and tongue fasciculations, 
Note the ‘ttog-like’ posture and subcostal geal due to 
'splratory muscle weakness. A diagnosis of spinal muscular 
Gtrophy type 1 was made 


present later in childhood (>18 months) and are usually 
able to walk. These children are often misdiagnosed as limb 
girdle muscular dystrophy or myopathy. Global aretlexia, 
fasciculations, polyminimyoclonus and tremors give a clue 
towards underlying anterior horn cell pathology. 

Treatment is supportive and includes respiratory care, 
management of problems in feeding and swallowing, 
ensuring adequate nutrition, treatment for gastro- 
esophageal reflux, orthopedic care and rehabilitation, 
appropriate immunization and family education and 
counseling. Newer genetic based therapies have been 
developed for SMA like SMNI1 gene replacement 
therapy and SMN2 upregulation/modification. Spinraza 
(Nusinersen) is an antisense oligonucleotide and is the first 
disease modifying therapy approved for SMA. It has 
shown significant benefits in these patients, but needs 
repeated intrathecal administrations. 


Suggested Reading 


¢ Darras BT, Markowitz JA, Monani UR, et al. Spinal muscular 
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PERIPHERAL NEUROPATHIES 


Most neuropathies are chronic. Guillain-Barré syndrome 
is the most common cause of acute neuropathy. Clinical 
features, presentation, electrophysiological characteristics 
and laboratory studies help in evaluating the diagnosis 
(Fig. 20.4). 
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“Mononeuritis multiplex refers to the involvement of multiple separate non-contiguous peripheral nerves, either simultaneously or serially. 


Fig. 20.4: Approach to peripheral neuropathies In childhood. AIDP acute inflammatory demyelinating polyneuropathy; CIDP 


chronic inflammatory demyelinating polyneuropathy, 


Type of neuropathy: Most neuropathies are primarily 
axonal. Detection of a demyelinating pattern narrows the 
differential diagnosis. Clinical pointers to a demyelinating 
process include: (i) global areflexia; (ii) moderate to severe 
muscle weakness with relative preservation of bulk; 
(tii) predominantly motor symptoms; and (iv) hypertrophy 
of nerves. The differentiation between axonal and 
demyelinating neuropathy is mainly electrophysiological. 
Demyelination is suggested by: (i) decreased conduction 
velocity; (ii) prolonged distal latencies and late responses; 
(iii) asymmetry; (iv) presence of conduction block; and 
(v) abnormal conduction block and temporal dispersion 
(suggesting an acquired process). Axonal disorders show 
decreased compound muscle action potentials with 
preserved conduction velocity and distal latencies. 


Pattern of neuropathy: Most polyneuropathies show 
distal-to-proximal gradient of symptoms and signs 
(‘length dependent’ or ‘dying back’ pattern). More 
proximal nerves may be involved rarely, e.g. inflammatory 
demyelinating polyneuropathy and porphyria. The 
presence of asymmetry and a stepwise progression is seen 


in mononeuritis multiplex. Mononeuropathies are rare in 
children. 


Type of nerve fiber involved: Neuropathies that affect large 
fibers result in sensory deficits (impaired touch or 
vibration), weakness and loss of deep tendon reflexes. 
Small fiber neuropathies present with distal sensory 
deficit, burning dysesthesias and autonomic dysfunction. 
Pure sensory neuropathies are unusual, 


Hereditary Neuropathy 


A slowly progressive course, prominent sensory signs in 
absence of sensory symptoms, foot deformities ard a 
family history point towards an inherited neuropathy 
(Table 20.1). Charcot-Marie-Tooth disease is the most 
common hereditary neuropathy, and the most com:non 
peripheral neuropathy in children. 

Patients with Charcot-Marie-Tooth disease show distal 
weakness and wasting, especially of the perorval 
compartment (stork leg appearance; Fig. 20.5), d:stal 
sensory impairment, skeletal deformities, contractures ind 
diminished or absent deep tendon reflexes. 


Table 20.1: Hereditary neuropathies 
Primary disease 
Charcot-Marie-Tooth disease 
Hereditary neuropathy with liability to pressure palsies 
Hereditary sensory and autonomic neuropathies 
Distal hereditary motor neuropathies 
Hereditary neuralgic amyotrophy 
Familial amyloid polyneuropathy 


Multisystem disorder 


Lipid metabolism 

Leukodystrophies 

Phytanic acid storage disorder 

Sphingomyelin lipidoses 

Porphyria 

Defective DNA repair: Ataxia-telangiectasia, xeroderma 
pigmentosa 

Hereditary ataxias: Friedrich ataxia, spinocerebellar ataxia 
Miscellaneous: Neuroacanthocytosis, mitochondrial disorders 
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Fig, 20.5: Charcot-Marie-Tooth disease In a 7-year-old boy with 
progressive galt difficultles, frequent twisting of ankles, foot 
deformities and thinning of legs. Examination revealed distal 
weakness and wasting, absent ankle reflexes and enlarged 
commen peroneal nerves. (a) Note the ‘stork leg’ appearance 
of legs with foot deformities; and (fb) Hand deformities 


Gulllain-Barré Syndrome 


This is a common cause of acute flaccid paralysis (AFP) in 
children. It is a rapidly progressive, predominantly motor, 
symmetric polyradiculoneuropathy that leads to bulbar 
and respiratory compromise. Four subtypes are described: 


Subtypes 


* Acuteinflammatory demyelinating polyneuropathy (AIDP) 
* Acute motor axonal polyneuropathy (AMAN) 
* Acute motor and sensory axonal neuropathy (AMSN) 


* Miller-Fisher syndrome (MFS) 
Varlants 


* Acute pandysautonomia 

Acute sensory neuropathy | 
Bickerstaff brainstem encephalitis 
Acute paraplegie variant 

Acute ophthalmoparesis 
Pharyngeal-cervical-brachial variant 
Polyneuritis cranialis 


The condition can occur at any age. About two-thirds 
patients have an antecedent upper respiratory or 
gastrointestinal infection 1-6 weeks prior to onset of 
symptoms. The clinical features include acute onset of 
symmetrical ascending weakness that is both proximal and 
distal. Facial weakness is frequent, and involvement of 
respiratory muscles occurs in one-fourth cases. 
Dysautonomia is common and is suggested by tachycardia, 
arrhythmia, ileus, bladder dysfunction, labile blood pressure 
and impaired thermoregulation. The weakness usually 
reaches its nadir 2-4 weeks after onset and is followed by 
recovery over weeks to months. The illness is usually 
monophasic but 7-16% patients may suffer from recurrent 
episodes of worsening after an initial improvement. As 
compared to demyelinating forms, the axonal form of 
Guillain-Barré syndrome exhibits a more rapid and severe 
course, with frequent involvement of respiratory muscles 
and cranial nerves and mild involvement of the autonomic 
nervous system. The Miller Fisher syndrome is characterized 
by the triad of ophthalmological abnormalities, ataxia and 
areflexia. Diagnostic criteria of Guillain-Barre syndrome are 
summarized in Table 20.2. 

Immunotherapy is the mainstay of treatment. 
Intravenous immunoglobulin ([VIG, 2 g/kg over 2-5 day's) 
should be administered or plasma exchanges performed, 
if the child presents within 2-4 weeks of onset of 
symptoms. Such treatment is indicated in non-ambulatory 
patients, but their role in mobile, mildly affected patients 
is unclear. Plasma exchanges may hasten recovery 
compared to supportive treatment alone in adult patients. 
The use of IVIG after plasma exchange does not confer 
extra benefit. Patients who do not respond to initial 
treatment with VIG may benefit from a second course of 
therapy which is usually given after 2-4 weeks. Supportive 
care includes cardiorespiratory care, physical therapy, 
nutritional management, management of neuropathic 
pain, care of bladder and bowel and prevention of deep 
vein thrombosis. 


Chronic Inflammatory Demyelinating 
Polyradiculoneuropathy 


This uncommon condition is slowly progressive 
(>4 weeks) or relapsing and has symmetric proximal and 
distal weakness in the upper and lower extremities with 
concomitant sensory loss. Asymmetric forms, distal 
predominant forms and sensory predominant forms also 
occur. The minimum duration of symptoms to reach the 
trough in patients with the condition is 2 months. This 
helps to distinguish this condition from Guillain-Barré 
syndrome, which usually evolves in less than 4 weeks. 
Electrophysiology and nerve biopsy help in diagnosis. 
Treatment modalities for chronic inflammatory 
demyelinating polyradiculoneuropathy include IVIG, 
plasma exchange and prednisolone. Spontaneous 
remissions are uncommon, and most patients require long 
term immunomodulating therapy. 





=) 586 | Essentlal Pediatrics 


Table 20.2: Diagnostic criteria for Guillain-Barré syndrome 
Features required for dlagnosls 
Progressive weakness In more than 1 limb (usually starts in 
legs) 
Areflexia (or decreased tendon reflexes) in weak limbs 


Features that strongly support diagnosis 
Progression of symptoms over days to 4 weeks 
Relative symmetry of symptoms 

Mild sensory symptoms or signs 

Autonomic dysfunction 


Cranial nerve involvement, most common bilateral weakness 
of facial muscles. 


Absence of fever at the onset of neurological symptom 
Typical electrophysiological findings 
Abnormal or absent F wave and H reflex 


Reduced motor with or without sensory nerve action potentials 
(axonal variant: AMAN) 


Prolonged distal latencies, reduced conduction velocities, 
presence of conduction block or increased temporal dispersion 
(demyelinating variant: AIDP) 


Albuminocytologic dissociation: High concentration of protein 
in CSF; mononuclear cell counts <50/mm% 





Features that raise doubt about the diagnosis 

Bladder or bowel dysfunction at onset and/or persistent bladder 
or bowel dysfunction 

Fever at onset 

Sharp sensory level 

Marked persistent asymmetry of weakness 

Severe pulmonary dysfunction with limited limb weakness at 
onset 

Severe sensory signs with limited weakness at onset 

CSF showing increased number of mononuclear cells (>50 
cells/mm’) or polymorphonuclear cells 


AMAN: Acute motor axonal polyneuropathy, AIDP: Acute inflammatory 
demyelinating polyneuropathy 
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ACUTE FLACCID PARALYSIS _— 


Acute flaccid paralysis (AFP) is a clinical syndrome 
characterized by rapid onset of weakness, progressing to 
maximum severity within several days to weeks. The term 
‘flaccid’ refers to the absence of spasticity or other upper 
motor neuron signs. In the Global Polio Eradication 


Initiative, AFP is defined as any case of AFP in children 
<15-year-old, or any paralytic illness at any age when polio 
is suspected. Common causes of AFP include Guillain- 
Barré syndrome, poliomyelitis, transverse myelitis 
traumatic neuritis, postdiphtheric neuropathy ang 
nonpolio enteroviral illnesses. The differential diagnosis 
varies with age (Table 20.3); distinguishing features are 
summarized in Table 20.4, 

Major immunization initiatives have resulted in sharp 
decline in poliomyelitis across the world. The last case of 
confirmed wild poliovirus (P1 type) in India was reported 
from West Bengal in January 2011. On 27 March 2014, the 
WHO declared India a polio-free country, since no cases 
of wild polio were reported in three years. 


Acute Flaccid Paralysis (AFP) Surveillance 


AFP surveillance underpins the polio eradication initiative 
and is the chief strategy to screen for circulating wild polio 
virus in the post-polio eradication era. All patients with 
AFP within the last 6 months should be reported to 
Surveillance Medical Officer of the World Health 
Organization. Other conditions that require notification 
include: (i) isolated facial palsy; (i) isolated bulbar palsy; 
(iii) unproven hypokalemia; (iv) neck flop; (v) floppy baby; 
(vi) flaccid hemiplegia; (vi!) encephalitis; (vii!) postictal 
weakness; and (ix) post-diphtheric polyneuritis. 

Surveillance is done in major four steps: (/) finding and 
reporting children with AFP, (ii) transporting stool 
samples for analysis, (ii!) isolating and identifying 
poliovirus in laboratory, and (iv) mapping the virus to 
determine its origin. 

These cases are immediately investigated, within 
48 hours of notification, by a trained medical officer. After 
confirming the case as AFP, the investigator takes medi -al 
history and conducts examination, and proceeds with 
other aspects of case investigation including collection 2nd 


Table 20.3: Differential diagnoses of acute flaccid paralys s 


Muscle disorders Inflammatory myopathy 
Periodic paralysis 
Hypokalemia 
Infections 
Neuromuscular Myasthenia gravis 
junction disorders Botulism 


Eaton-Lambert syndrome 


Neuropathies Guillain-Barré syndrome 
Traumatic neuritis 
Postdiphtheric neuropathy 
Porphyria 
Vasculitis 


Anterior horn Poliomyelitis 
cell disorders Nonpolio enteroviruses 


Spinal cord disease Transverse myelitis 
Spinal cord compression 


Trauma 
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Table 20.4: Differentiating among common causes of acute flaccid paralysis 


Poliomyelitis Guillain-Barré syndrome Transverse myelitis Traumatic neuritis 
Fever Present; may be May have a prodromal §- May have a Absent 
biphasic iliness prodromal illness 
Symmetry Asymmetric Symmetrical Symmetrical Asymmoatric 
Sensations Intact; may have Variable Impaired below the = May be Impaired In distribu- 
diffuse myalgias level of the lesion tlon of the affected nerve 
Respiratory bAay be present May be present May be present Absent 
insufficiency 
Cranial Affected in bulbar Usually affected Absent Absent 
nerves 2nd bulbospinal 
Variants 
Radicular signs May be present Present Absent Absent 
Bladder, Absent Transient; due to Present Absent 
bowel complaints autonomic dysfunction 
Nerve May be abnormal Abnormal Normal Abnormal 
conduction 
Cerebrospinal Lymphocytic Albumino-cytologic Variable Normal 
fluid pleocytosis; dissociation 
nonnal or 
increased protein 
MAI spine Usually normal Usually normal Characteristic" Normal 


* Local enlargement of the spinal cord and increased signal intensity over several spinal segments 


transportation of stool specimens for laboratory testing, 
search for additional cases and outbreak investigation in 
the affected community, 60 days follow-up examination, 
analysis of laboratory results and case classification. 


Collection of stool specimens from every patient is an 
important aspect of the eradication strategy. From every 
case of AFP, two stool specimens are collected, ideally 
within 14 days of onset of paralysis and at least 24 hours 
apart. While the optimal period for detection of poliovirus 
in the stool is within 14 days of onset of paralysis, specimens 
may be collected from any late-reported case up to 60 days 
from the onset of paralysis. Beyond 60 days after paralysis, 
the likelihood of detecting poliovirus 1s very low. Voided 
stool sample, is preferred. In cases where it 1s not possible, 
other methods include digital extraction (when child is 
constipated or dies), postmortem stool collection (contents 
of large intestine) and use of rectal tube. Enema or 
purgatives are not recommended. Each specimen should 
be 8 g each (about the size of one adult thumb), collected in 
a clean, dry, screw-capped container. The Specimens ar 
collected, labeled and then transported in the ‘cold chain’. 


Two types of cell lines are used for poliovirus soe 
The human rhabdomyosarcoma (RD) cell lines favor 
growth of all enteroviruses, and L20B cell pees favor the 
growth of only polioviruses. If cytopathic ef ote SEPeRt 
in L20B cell line, the isolate then goes for neutra ization 
test to determine the serotype (type 1, 2 OF - using 
appropriate antisera. Intratypic differen aver is done Ms 
determine, if the isolate is wild or vaccine poliovirus; the 
, former isolates undergo genetic sequencing: 


A case is classified as polio, if wild poliovirus is isolated 
from the stool specimen. Cases with inadequate stool 
specimens and having residual weakness who have died 
or are lost to follow up undergo additional investigation 
and are presented for review by the National Expert 
Review Committee. This committee classifies the case as 
compatible with polio or discarded as non-polio AFP. 
Experience indicates that at least 1 case of non-polio AFP 
occurs for every 100 000 children aged <15 vears per year 
(background AFP rate). As per National Polio Surveillance 
Project, the non polio AFP rate, which is an indicator of 
surveillance sensitivity should be equal or to more than 
1:100, 000. 


suggested Reading 


¢ Chatterjee A, Vidyants, Dhole TN. Polio cardication in India. 
Vaccine 2013;18:1268-75., 

* Surveillance of acute Maccid paralysis, Int odin. New Delhi: Ministry 
of Health & Family Welfare, Government of India; 2005 


NEUROMUSCULAR JUNCTION DISORDERS 


Disorders affecting the neuromuscular junction can be 
acquired or inherited (Table 20.5). They are usually pure 
motorsyndromes affecting proximal, bulbar or extraocular 
muscles. 


Myasthenla Gravis 

About 20% patients with myasthenia have onset in 
childhood or adolescence. Fatigable weakness is the 
hallmark. Most patients have ptosis or ophthalmoplegia 








which may be asymmetric and variable over time. 
Pupillary reactions are normal. Children may develop 
diplopia on sustained gaze or continuous activity like 
reading, On attempting to tightly close the eyes, after a 
lew minutes, the cornea may get exposed due to inability 
lo ntistain contraction of orbicularis oculi (peep sign). 

About half of the children with ocular findings may 
develop bulbar or limb girdle weakness within 2 years. 
Bulbar weakness may manifest in form of difficulty in 
nwallowing, and chewing and nasal and slurred speech. 
Limb weakness is usually symmetric and proximal. Deep 
tendon reflexes are either normal or reduced in proportion 
lo the degree of muscle weakness. Respiratory muscles 
may also yet involved and may lead to myasthenic crises. 
Myasthenia gravis may be associated with thyroid dis- 
orders, systemic lupus erythematosus, diabetes mellitus 
ind rheumatoid arthritis. Thymomas are found chiefly in 
adolescent onset myasthenia gravis and are rare (<5%) in 
varly childhood. 


Transitory nconatal myasthenia occurs in about 15% of 
babies born to myasthenic mothers. Symptoms start within 
a few hours after birth but may be delayed till the third 
day. These include difficulty in feeding, weak cry, 
hypotonia, lack of facial expression and respiratory 
Insufficiency, Supportive care suffices in most cases. Oral 
or Intramuscular pyridostigmine, usually for 4-6 weeks, 
may be warranted in severe cases, 


Ldrophonium testing is usually the first test performed in 
a suspected case of myasthenia gravis. The dose used is 
0,1-0,2 mg/kg; may be repeated every minute to a total 
dose of 5 mg (weight <34 kg) or 10 mg (weight >34 kg), 
Uiffects are seen within 10 seconds and persist till 120 
seconds. A positive result consists of transient resolution 


Table 20.5: Neuromuscular junction disorders in children 


Immune mediated 
Myasthonla gravis 


Lambort-Eaton myasthenic 
syndrome 


Congenital myasthenic 
syndromes 

Choline acoetyltransferase 
deficlancy 

Pauclty of synaptic vesicles 
Endplate acetyl- 
cholinesterase deficiency 
Acatylcholine receptor 
defacts 

Mutations In rapsyn or 
plectin 

Dok-7 deficiency 


Metabolic causes 
Botulism 
Organophosphate 
poisoning 

Snake envenomation 
Tick paralysis 
Hypermagnesemla 
Drugs 
Aminoglycosides 
Erythromycin 
Tetracycline 
Fluoroquinolones 
Neuromuscular blocking 
agents 

Phenytoin 
D-penicillamine 
Lithlum 

Interferon « 
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of the clinical sign (ptosis, ophthalmoplegia, dysarthria) 
under observation. Edrophonium is not recommended for 
use in infants due to high risk of arrhythmias and short 
duration of action which precludes objective assessment. 
Neostigmine may also be used as a diagnostic test. The dose 
used is 0.125 mg/kg in an infant and 0.04 mg/kg IM in an 
older child. It is slower in action, with anticipated response 
in 10-15 min and maximum in 30 min (Fig. 20.6). If the 
result is equivocal or negative, the dose may be repeated 
in 4 hours. 


Repetitive nerve stimulation studies are abnormal in 
50-70% cases with generalized myasthenia gravis. A 
decrement of >10% is characteristic. Electromyography 
may be normal or may show unstable or myopathic 
muscle unit action potentials. Single fiber electromyo- 
graphy is more sensitive and may show increased jitter 
or blocking. 


Acetylcholine receptor (AChR) antibodies may be positive 
in children with myasthenia gravis; the rates are lower in 
peri- and prepubertal children (50-60%). Antibodies to 
muscle-specific kinase (Anti-MuSK) are seen in 40% 
seronegative patients. X-ray chest or CT of anterior 
mediastinum may show thymoma or thymic hyperplasia. 


Congenital Myasthenia Syndromes 


The congenital myasthenia syndromes are exceptionally 
rare. They should be suspected in seronegative myasthenia 
gravis, floppy infant with underdeveloped muscles and 
in adults with childhood history of difficulties affecting 
cranial, respiratory, truncal or limb muscles. Common 
features include hypotonia, limb weakness, feeding and 
respiratory difficulties, arthrogryposis, ptosis, ophthalmo- 
paresis, dysphagia and dysarthria. They do not respend 
to steroids and other immunosuppressants. Conditions 
like endplate acetylcholinesterase deficiency and slow 


channel congenital myasthenia May worsen with 
pyridostigmine. 


Treatment 


Cholinesterase inhibitors are the initial treatment for 
myasthenia gravis. Pyridostigmine is commonly used at 
doses of 1-7 mg/kg/day in 4 divided doses, Prednisolone, 
at low doses (0.5 mg/kg/d), may be used in a nonacute 
setting. Azathioprine, cyclosporine, cyclophosphamide 
and mycophenolate mofetil are used as steroid sparing 
drugs or for refractory cases. Drugs that interfere with 
neuromuscular transmission (Table 20.4) should be used 
with caution. Thymectomy is beneficial in seropositive 
patients. 

A myasthenic crisis necessitates cardiorespiratory 
monitoring and support. It should be differentiated from 
cholinergic crises due to overdosage of acetylcholin- 
esterase inhibitors. Antecedent events, predominance of 
cholinergic symptoms, ice pack test and edrophonium 


__d 
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Fig. 20.6: Juvenile myasthenia gravis: A 9-year-old boy presented with drooping of eyelids, more in the evening than morning, and 
restricted eye movements, Examination revealed asymmetric ptosis, external ophthalmoplegia, normal pupils and normal motor 
examination. Note the improved ptosis (a) before and (b) after administration of neostigmine 


challenge test help differentiate the two entities. [VIG or 
plasmapheresis may be required in patients with 
myasthenic crisis. 


Suggested Reading 


* Castro D, Derisavifard, 5, Anderson, M, et al. Juvenile myaesthenia 
gravis: a twenty year experience. J Clin Neuromuscular. Dis 2013; 
14, 95-102. 

* Sanders DB, Wolfe GI, Benatar M, et al. International consensus 
guidelines for management of myasthenia gravis. Neurology 2016; 
87:419-25. 


MUSCLE DISORDERS 


Congenital Myopathies 


The congenital myopathies are a diverse group of muscle 
disorders caused by genetic defects in the contractile 
apparatus of the muscle and defined by distinctive 
histochemical or ultrastructural changes on muscle biopsy. 
Majority of these disorders present as ‘floppy infant 
syndrome. The common presenting features include 
hypotonia, static or non-progressive muscle weakness and 
Normal or decreased deep tendon reflexes. Respiratory 
insufficiency, feeding difficulties, contractures and skeletal 
deformities may be present. They may also present in late 
childhood or adulthood (Table 20.6). . 3 
Serum creatine kinase is either normal or mildly raised. 
Electromyography reveals a myopathic pattern. The 
disorders are clinically indistinguishable; distinction is 
Possible by characteristic features on skeletal muscle biopsy 
incorporating new immunohistochemical techniques and 
electron microscopy: Advances in molecular see have 
improved our understanding of congenital myopathies, 





Suggested Reading 
¢ North NK, Wang HC, Clarke N, et al. Approach to the diagnosis 
of congenital myopathies. Neuromuscular Dis 2014; 24:97-116. 


* Wang HC, Dowling JM, North K, et al. Consensus statement on 
standard of care for congenital myopathies. J Child Neurol 2012; 
27:363. 


Muscle Dystrophies 


The muscular dystrophies are diseases of muscle membrane 
or supporting proteins characterized by pathological 
evidence of ongoing muscle degeneration and regenera- 
tion. Diagnosis of these disorders is based on clinical presen- 
tation, genetic testing, muscle biopsy and muscle imaging. 


Dystrophinopathies 


Dystrophinopathies are a group of disorders resulting 
from mutations in the dystrophin gene (located on short 
arm of X chromosome, Xp21). Duchenne muscular 
dystrophy is the most common dystrophinopathy with 
an incidence of 1 in 3500 live male births. Its allelic variant, 
Becker muscular dystrophy, differs by a later onset 
(usually >6 years old), and slower progression (wheel- 
chair confinement >15 years), a higher incidence of 
myalgias, occasional rhabdomyolysis following exercise 
and early cardiomyopathy. 

Over 4700 mutations are reported in the Leiden 
Duchenne dystrophy database. 65% of the pathogenic 
changes are large partial deletions. Mutations in the 
dystrophin gene can cause Duchenne muscular dystrophy 
or Becker muscular dystrophy. The phenotypic variation 
is explained by the reading frame hypothesis. In >90% of 
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Table 20.6: Clasaification of congenital myopathies 


Subtype 


Core myopathies (central 
core disease; multiminicore 
disease) 


Nemaline myopathy 


Inheritance, gones 


ADARRAYAI, SEPNI, 
ACTA1, MYH7 


AD, AR, sporadic 
ACTAI, NEB, TPM2, 
TPM3, TNNTI 


AD, sporadic, X linked 
MTM1, DNM2, BINT, 
RYA1, DMI 


AD, AR, X-linked 
ACTA!, TPM3, TPM2, 
RYR1, SEPN1 


Centronuclear myopathles 





Congenital fiber type 
disproportion 


cases, mutations that disrupt the reading frame (frame 
shift) lead to dystrophin deficiency and cause Duchenne 
dystrophy. In Becker dystrophy, mutations maintain the 
reading frame (inframe mutations) and result in abnormal 
but partly functional dystrophin. 

Children with Duchenne dystrophy become 
symptomatic before age of 5 years and may have history 
of delayed walking. Gait disturbances become apparent 
at 3-4 years of age. Waddling gait, Gower sign and calf 
muscle pseudohypertrophy (Fig. 20.7) are classical 
findings. Weakness of neck flexors is early. Other muscles 
that show hypertrophy include vastus lateralis, 
infraspinatus, deltoid, gluteus maximus, triceps and 
masseter. The progression of weakness may plateau 
between 3 and 6 years of age, followed by increasing gait 
difficulty, development of contractures and lumbar 
lordosis. The age at loss of independent ambulation in 
untreated patients is between 8.8 and 10.5 years, After loss 
of ambulation, there is worsening kyphoscoliosis, 
increasing upper limb weakness and bulbar dysfunction, 

Weakness of intercostal and diaphragmatic muscles 
with spinal deformity affects respiratory function. 
Dropping of vital capacity <20% of normal leads to 
nocturnal hypoventilation. Cardiomyopathy and 
arrhythmias are major cardiac manifestations. Children 
with deletion of exons 48 to 53 are especially prone to 
cardiac complications. The cause of death is a combination 
of respiratory insufficiency and cardiomyopathy. Other 
features include variable degree of intellectual disability 
and impaired gastric motility. 

Around 10% of female carriers show variable degree 
of weakness with clevated levels of creatine kinase, calf 
hypertrophy, myalgias and cramps and increased risk of 
dilated cardiomyopathy. Rarely, the full Duchenne 
phenotype is present in girls with complete inactivation 
of normal X chromosome. 


Serum creatine kinase levels are highly elevated (>10 
times upper limit of normal), but do not correlate with 
severity of the disease or response to treatment. Multiplex 
PCR and the more sensitive multiplex ligation dependent 


Histology 


Poorly dofined fibers 
wilh short cores 


Nomaline bodies on 
Trichromea Gomorl atain 


Contral nuclol (In all 
musclo fibers 


Pradominant typo 1 
libors; small typo 2 fibors 


Clinical featurea 


AYALT mutation la moat common 
High riak of malignant hyperthormia 


Nabulin (NEL) mutation most comman 
Onoal congonital, muscles of fase, ocular 
and nack, chast deformity, scaliogia 
Onbot Newborn to adult 

Facial woukness, plosis, extamnat 
ophthalmoplogia, woaknoes Of nack flovérg 
ACTA tnulation most comman 

Majonly has laas severe phanotype 


probe amplification (MLPA) are tised for detection uf 
mutations. Muscle blopsy may be required in motation 
negative cases and todifferentiate between Duchenne and 
Becker dystrophy. Biopsy shows necrosis andl atternpted 
regeneration of individual muscle fibers, variable tis fe 
fiber diameter with both hypertrophic ana small tibers, 
and central nuclei. Later, almost the entire munsele ts 
replaced by fibrofatty tisstie. On dim munobustoeher ates, 
absence of dystrophin (1, 2,3) staining is seen in Duc tien re 
dystrophy; dystrophin staining is reduced and patty ia 
Becker dystrophy, 


Management; Patients with Duchenne dystrophy tequires 
multidisciplinary management, aiming for maintensece ct 
muscle strength and range of motion of joints by exc n oe. 
physiotherapy and avoidance of prolonged imaybs f 


Corticosteroids (prednisone, deflazacort) ace ths. oly 
therapies proven to improve strength and Wm 
ambulation in children with the disease. Law fs ¢ 


prednisolone may be started with wit ot POUSCOV IN: ti) vt 
limb strength, reducing progression of scolioors sod 
delaying decline in respiratory and cardiac tune! 
Supportive management also includes prilmranrics rel 
cardiac care, nutrition, calcium homeostasis, appeees ite 
immunization and orthopedic care (Lable 20-7) Noe 
therapies include exon SRUp pay Usb arity seiiee 
oligonucleotides, Phase JV trials have shown sygniiunt 
clinical benefits and Eteplitrsen has been FDA approve. 
although more clinical data is required to prove its elticasd 


Myotonic Dystrophy Tyoe 4 


It is the most common muscular dystrophy seen in adules 
This disorder transmitted tn an autosomal dominant 
Manner, Is caused by an abnornal CAPA stor ( oi) al 
trinucleotide (CTG] repeats tn the DOAETETA ernie vii 
chromosome 19 The classe form prevrnertatss dev build tic th 
myotonia, facial weakness, distal limb weakress, cataracts 
(iridescent spoke-like ponterbor capsular cataract), frontal 
baldness, endocrinopathies (testicular atrophy: 
hyperinsulinism, adrenal atrophy and growth hormon’ 
disturbances), cardiac arrhythmias and disturbes 


. 
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Fig. 20.7: (a) Duchenne muscular dystrophy. The child presented with progressive galt difficulties and lurching. Examination as 
proximal muscle weakness, more in the lower limbs, calf hypertrophy and positive Gower sign. (b) Examination in another child 
shows hypertrophy of deltoid and infraspinatus with wasting of posterior axillary fold muscles (Valley sign) 


Table 20.7: Management of Duchenne muscular dystrophy 
Corticosteroids 
Indication: Children >2 years with static or declining function 
Dose: Prednisolone 0.3—0.75 mg/kg/day 
(initially 0O.3-0.5 mg/kg/day, if non-ambulatory) 
Deflazacort, 0.9 mg/kg/day (preferred in children with 
excéssive weight gain or behavioral problems) 
Ensure immunization against pneumococcus, influenza and 
varicella before starting steroids 


Monitoring 

Pulmonary function tests: Every 6 months if non-ambulatory; 
annually in ambulatory patients ) 
Echocardiography. Once in 2 yr for <10 yr of age; annually if 
>10 years 

Serum calcium, phosphate, 25(OH) vitamin D, (biannually) 
DEXA scan annually 


Physical therapy 
Effective stretching and appropriate positioning at various 
joints, assistive devices to prevent contractures, avoid high 


resistance strength training 
Surgery: For fixed contractures and spinal deformities 


Other components 

Respiratory and cardiac care 
Management of gastrointestinal problems 
Psychosocial management 

Family education and genetic counseling 


Newer therapies 


Exon skipping, gene therapy, cel 
approaches (utrophin upregulation, 
Compounds, myostatin inhibitors) 


| therapy, pharmacological 
read through 


Bastrointestinal motility. The congenital form By pee 
With respiratory failure, poor feeding, hypotonia, facial 


diplegia, clubfoot and gastroparesis. Myotonia is absent in 
neonates and infants. There may be a history of decreased 
fetal movements and polyhydramnios in the mother. EMG 
shows a myopathic pattern and myotonia (‘revving engine’ 
sound). Genetic testing is confirmatory. 

Medications that block sodium channels (procainamide, 
disopyramide, phenytoin, quinine, mexiletine); tricyclic 
antidepressants (clomipramine, imipramine); diuretics 
(acetazolamide, thiazides) and other agents (taurine, 
nifedipine, diazepam, carbamazepine, prednisone and 
albuterol) have been used for treatment, with variable results. 


Facloscapulohumeral Muscular Dystrophy 


The clinical spectrum of this autosomal dominant disorder 
ranges from asymptomatic children to wheelchair bound 
patients. The age at onset is variable. The disease may start 
with asymmetric facial weakness followed, sequentially, 
by scapular fixator, humeral, truncal and lower limb 
weakness. Biceps and triceps are typically involved with 
sparing of deltoid and forearm muscles resulting in the 
“Popeye” arm appearance. Lower abdominal muscles are 
weaker than upper abdominal muscles resulting in Beevor 
sign. Side-to-side asymmetry of muscle weakness is typical 
(Fig. 20.8), Other features include high frequency hearing 
loss, Coats disease (retinal telangiectasia, exudation and 
detachment), atrial arrhythmias and restrictive respiratory 
disease. The diagnosis is confirmed by demonstrating the 
shortening of the macrosatellite repeat D4Z4 which is 
normally in one allele of 4q35. Treatment is supportive. 


Limb Girdle Muscular Dystrophy 


Limb girdle muscular dystrophy is a group of clinically 
heterogeneous syndromes with autosomal dominant or 
recessive inheritance. Most childhood onset limb girdle 
dystrophies are associated with predominant lower 
extremity weakness. Cardiac or other systemic involvement 
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Fig. 20.8: Facioscapulohumeral dystrophy: (a) Note the facial weakness and inability to completely close the eye; 


(6) Asymmetric scapular winging 


is variable. Serum creatine kinase is modestly clevated 
but can be high in the sarcoglycanopathies, dysferlino- 
pathy and caveolinopathy. Autosomal recessive limb 
girdle dystrophies have early onset, rapid progression and 
higher creatine kinase values. Treatment is symptomatic. 


Congenital Muscular Dystrophy 


These patients usually present at birth or in first year of 
life. Infants show hypotonia, weakness, arthrogryposis, 
bulbar dysfunction or respiratory insufficiency. Weakness 
is static or slowly progressive. Diagnosis is supported by 
dystrophic myopathic features on muscle biopsy, elevated 
creatine kinase levels and exclusion of common 
myopathies of newborn. 


Suggested Reading 


e Birnkrant DJ, Bushby K, Bann CM, Apkon SD, Blackwell A, 
Brumbaugh D, et al. Diagnosis and management of Duchenne 
muscular dystrophy, part 1: diagnosis, and neuromuscular, 
rehabilitation, endocrine, and gastrointestinal anc nutritional 
management. Lancet Neurol. 2018 Mar;17(3):251-67. 
Birnkrant DJ, Bushby K, Bann CM, Apkon SD, Blackwell A, Colvin 
MK, et al. Diagnosis and management of Duchenne muscular 
dystrophy, part 3: primary care, emergency management, 
psychosacial care, and transitions of care across the lifespan, Lancet 
Neurol. 2018 Feb 1; pii: $1474-4422(18)30026-7. 
Bonneman GG, et al. Diagnostic approach to the congenital 
muscular dystrophies. Neuromuscul Disord. 2014;24(4),289-311, 
Gloss D, Moxley RT, Ashwal S, Oskoui M, Practice guideline update 
summary: Corticosteroid treatment of Duchenne muscle 
dystrophy. Neurol 2016;86:465-72, 
¢ Patient education leaflets is available at http://aiims.edu/ailms/ 
departments/pediatrics/ ped_neuro/patientedu.htm 


immune system. Dermatomyositis 1s the most common 
pediatric inflammatory myopathy, which typically affects 
skin and muscle but may involve joints, gut, lung, heart 
and other internal organs (see Chapter 22), 


Metabollc Myopathles 


The metabolic myopathies are a group of muscle disorders 
resulting from failed energy production related to defects 
in glycogen, lipid or mitochondrial metabolism. The 
symptoms arise due to a mismatch between the rate of 
ATP utilization and the capacity of muscle metabolic 
pathways to regenerate ATP, Affected children and adults 
present with exercise intolerance, weakness and 


| 


myoglobinuria; newborns and infants present with severe 


multisystem disorders. Most metabolic myopathies have 
intermittent rather than static findings. Some children 
present with progressive proximal muscle weakness 
mimicking a dystrophy or an inflammatory myopathy: 

In patients with glycolytic or glycogenolytic defects 
symptoms are induced by either brief isometric exerci 
such as lifting heavy weights, or by less intense but 
sustained dynamic exercise. In disorders of lip! 
metabolism, the abnormalities are induced by prolongt 
exercise and fasting. Investigations include serum creatine 
kinase and ammonia, urine myoglobulin, tandem mass 
spectroscopy, gas chromatography mass spectromett) 
electrophysiological studies, forearm ischemia exer 
test, muscle biopsy and molecular studies. 


Suggested Reading 


. fot 
A diagnostic algorithe 
ural neuroscience Rep: * 


¢ Berardo A, DiMauro S, Hirano M. 
metabolic myopathies. Curr Ne 
Mar;10(2):1 18-26. 

* Lilleker JB, Keh YS, Roncaroll F, Sharma R, Roberts M. Me! 


myopathies: 4 practical approach, Practleal Neurology: 2 
8; practneurol-2017-001708, t , 


¢ Thornton CA, Myotonic dystrophy. Neurol, Clin, 2014;32(3):705-719. 


Inflammatory Myopathles 


The inflammatory myopathies are a diverse group of 
disorders in which muscle appears to be injured by the 
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Childhood 


Advances in management have greatly improved the 
survival of children with malignancies. Malignancies in 
children are difficult to detect because their clinical 
features are often non-specific and may mimic common 
disorders of childhood (Table 21.1). Cancers in children 
are considered clinicobiologically distinct compared to 
adults; they are more aggressive but respond satisfactorily 
to chemotherapy. Common childhood malignancies 
include leukemia (30-10%), brain tumors (21%) and 
lymphoma (11%) followed by neuroblastoma, retino- 
blastoma and tumors arising from soft tissues, bones and 
gonads (Fig. 21.1). Some malignancies are typical to a 
site and have predilection for a particular age group 
(Table 21.2). Regional variations are known; there is 
higher proportion of T-cell lineage acute lymphoblastic 
leukemia (ALL) in India compared to the western 
countries. The burden of brain tumors is lower and that 
of retinoblastoma is also higher in India. 


LEUKEMIAS 

Leukemias, the most common cancer in children, are 
malignant neoplasms arising from clonal proliferation of 
abnormal hematopoietic cells, disruption of normal marrow 
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Fig. 21.1: Spectrum of childhood cancers. One-third of 
childhood cancers comprise acute lymphocytic leukemia, 
acute myelogenous leukemia, non-Hodgkin lymphoma and 
Hodgkin lymphoma, Brain tumors account for approximately 
20% of all tumors. 


function and marrow failure. They are classified as 
lymphoid or myeloid depending on the lineage of the 
progenitor stem cell involved and as acute or chronic 


Table 21.1: Clinical features of cancers mimicking common illnesses 


Possible malignancy 


Features 

Fever, enlarged lymph nodes, malaise 
Pallor, anemia 

Headache, nausea, vomiting, fever seizures 
Earache, rhinitis, pharyngitis 

Epistaxis 

Diarrhea, vomiting, hepatosplenomegaly 
Hematuria 

Jaundice 

Failure to thrive 

Bony pains, mass(es) 

Squint, epiphora, red eye 


PNET: Primitive neuroectodermal tumor; 


Wilms 


593 


Leukemia, lymphoma, Ewing sarcoma, neuroblastoma, PNET, LCH 
Leukemia, lymphoma, neuroblastoma 

Brain tumors, leukemia 

Soft tissue sarcoma 

Leukemia 

Neuroblastoma, lymphoma, hepatic tumors, leukemia 


tumor 


Lymphoma, liver tumors, LCH 
Common to many cancers, LCH 
Any tumors; osteosarcoma, LCH 
Retinoblastoma 


LOH: Langerhans cell histiocytosis 
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Table 21.2: Predominant pediatric malignant tumors by age and site 
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—— 





Tumor Less than 7 year 1-12 years 12-217 years 
Leukemia Congenital leukemia Acute lymphoblastic leukemla (ALL) Acute lymphoblastle laukem|, 
Acute myeloid leukemia (AML) 
Juvenile myelomonocytic JMML (<3 years) Acute myelold laukemla 
leukemia (JMML) Chronic myeloid leukemla (age >3 years) 
CNS Medulloblastoma Medulloblastoma Cerebellar astrocytoma 
Ependymoma Ependymoma Astrocytoma 
Astrocytoma, glioma Astrocytoma, glioma Cranlopharyngioma 
Choroid plexus papilloma Choroid plexus papilloma (<3 years) Medulloblastoma 
Craniopharyngioma (older child) 
Cerebellar astrocytoma (older child) 
Lymphoma Rare Non-Hodgkin lymphoma Hodgkin lymphoma 
Hodgkin lymphoma Non-Hodgkin lymphoma 
Chest Neuroblastoma Neuroblastoma (common up to 4 years) Lymphoma 


Head and Neck 


Teratoma 


Retinoblastoma 
Neuroblastoma 


Lymphoma (commoner In >4 years) 


Teratoma 
Rhabdomyosarcoma 
Retinoblastoma (<5 years) 
Neuroblastoma (younger child) 


Ewing sarcoma 


Lymphoma 
Soft tissue sarcoma 


Rhabdomyosarcoma Lymphoma (>4 years) 
Rhabdomyosarcoma 
Abdomen Neuroblastoma Neuroblastoma (younger child) Lymphoma 
Hepatoblastoma Wilms tumor (younger child) Liver carcinoma 
Wilms tumor (>6 months) Lymphoma (older child) Soft tissue sarcoma 
Hepatoblastoma Dysgerminoma 
Yolk sac tumor Rhabdomyosarcoma 
Genitourinary Teratoma Rhabdomyosarcoma Teratocarcinoma 
Yolk sac tumor Teratoma 
Embryonal carcinoma 
Extremity Fibrosarcoma Fibrosarcoma Osteosarcoma 
Rhabdomyosarcoma Ewing sarcoma 
Ewing sarcoma soft tissue sarcoma 
Multisystem Langerhans cell Langerhans cell histiocytosis 


histiocytosis 


depending on their natural history. Acute lymphoblastic 
leukemia (ALL) and acute myeloid leukemia (AML) are 
common; a small proportion has chronic myeloid leukemia 
(CML) and juvenile myelomonocytic leukemia (JMML). 


Acute Lymphoblastic Leukemia (ALL) 


ALLis the most common childhood malignancy accounting 
for one-fourth of all childhood cancers and three-fourths of 
all newly diagnosed patients with acute leukemia. Its 
incidence is approximately 3-4 cases per 100,000 children 
below 15 years of age. Boys have higher rates than girls, 
especially in adolescents with T-cell ALL. There is a peak in 
incidence of childhood ALL between2 and 5 years due to ALL 
associated with a pre-B lineage (common ALL). Significant 
progress in treatment of ALL in last two decades has lead to 
cure rates of over 80% in most developed countries. 


Acute Myelold Leukemia (AML) 


Acute myeloid leukemia (AML) also termed as acute non 
lymphoblastic leukemia, the second most common type 
of leukemia in children, accounts for 15-20% of leukemia 
in children. AML is much more complex and resistant 
disease than ALL and results from clonal proliferation of 
hematopoeitic precursors of myeloid, erythroid and 
megakaryocytic lineage. Intensive myelosuppressive 
induction and post-remission therapy result in Jong-term 
survival in 40-50% patients, 


Etiopathogenes!s 

The etiology of acute leukemia is unknown In the majori'y 
Several genetic syndromes are associated with a 
increased risk of leukemia (Table 21,3). 






Genetic — 

Down syndrome 
Fanconi anemia 
Shwachman-Diamond syndrome 
Bloom syndrome 

‘Ataxla telangiectasia 
Diamond-Blackfan anemia 
‘Kostmann syndrome 

Li-Fraumeni syndrome 

Severe combined immune deficiency 
Paroxysmal nocturnal hemoglobinuria 

Neurofibromatosis type | 


Table 21.3: Ge netic and environmental risk 
Environmental — 
lonizing radiation 
Alkylating agents: Cyclophosphamide, ifosfamide, carboplatin, procarbazine 
Epipodophyllotoxins: Etoposide, tenoposide 


Nitrosourea: Nitrogen mustard 
Benzene 


factors for childhood leukemla 








Fig. 21.2: (a) Bone marrow from a_ child with acute lymphoblastic leukemia shows reduced normal marrow elements which are 
replaced by lymphoblasts. The neoplastic lymphoblasts are slightly larger than lymphocytes and have round or convoluted nuclei, 
fine chromatin, often with a smudged appearance, inconspicuous nucleoli and scant basophilic cytoplasm. (tb) Peripheral smear 
of a 6-year-old child diagnosed with acute myeloid leukemia (AML-M,) showing a myeloblast containing an Auer rod (pink-colored 


aggregated lysosome) 


“Table 21.4: French-American-British (FAB) classification of acute lymphoblastic leukemia 


Cytologic features L1 (80-85%) 


L3(1-2%) 


L2 (15%) oT 


Cell size Small cells predominate; homogenous Large; heterogeneous Large; homogenous ~ 
Amount of cytoplasm Scanty Moderately abundant Moderately abundant 
‘Nucleoli Small, inconspicuous One or more, often large One or more, prominent 
Nuclear chromatin Homogenous Variable, heterogeneous Stippled, homogenous 
Nuclear shape Regular, occasional clefts lrregular clefts, indentation Regular, oval to round | 
‘Cytoplasmic basophilia Variable Variable Intensely basophilic 
Cytoplasmic vacuolation Variable Variable Prominent 


Classification 
Acute Lymphoblastic Leukemia 


Morphology: The classification of acute leukemia has 
evolved from one that was primarily morphology based 
to one based on immunophenotyping, karyotyping and 
molecular biology (Fig. 21.2a). ALL is classified using the 
French-American-British (FAB) criteria into morphologic 
subtypes (Table 21.4). 


Immunophenotype: Immune phenotype classification 
describes ALL as B cell or T cell derived. Progenitor B cell 
derived ALL constitute 80-85% ALL; 15% are derived 
from T cells and 1-2% from mature B cells. 


Cytogenetics: Genetic abnormalities in the leukemic clone 
greatly impact therapy and prognosis. Conventional 
cytogenetics and fluorescence in situ hybridization should 
be performed on the bone marrow specimen to look for 
common genetic alterations (Table 21.5). 
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Table 21.5: Genetic abnormalities in acute lymphoblastic leukemia (ALL) 





Chromosomal abnormality, translocation, affected gene Subtype Frequency(%) Implication 
Hyperdiploidy (>50 chromosomes) Pre-B 20-30 Excellent prognosis 
t(12:21)(p13;q22) ETVG/RUNX1 Pre-B 15-25 Excellent prognosis, needs 
minimal therapy 
Trisomy 4 and 10 Pre-B 20-25 Excellent prognosis 
t(1;19)(q23;p13) TCFS‘PBX1 Pre-B 2-6 High risk, probable CNS relapse 
t(4:11)(q21;q23) MLL/AF4 Pre-B 1-2 Infant ALL, poor prognosis 
High tumor burden, drug resistant 
t(9:22)(q34:q11.2) BCR/ABL1 (Philadelphia chromosome) Pre-B 2-4 Very high risk; improved outcome 
with imatinib and chemotherapy 
t(8;14)(Q23:q32.3) MYC IgL Mature B cell 2 Burkitt leukemia, need intensive 
therapy, favorable outcome 
Hypodiploidy (<44 chromosomes) Pre-B 1-2 Unsatisfactory outcome 
HOX 11 rearrangement by t(5;14)(q35;q32) if 7-8 Good prognosis 
Early T cell precursor T 12 Poor prognosis 
Table 21.6: Classification of acute myeloid leukemia (AML) —«-_ Clinical Features 
French-American-British (FAB) classification The duration of symptoms in a patient with ALL varies 
MO Minimal differentiation from days to weeks and in some cases few months. The 


clinical features are attributed to bone marrow infiltration 


M1 Myeloblastic leukemia without maturation : : 

a. with leukemic cells (bone marrow failure) and 
M2 Myelobiastic leukemia with maturation extramedullary involvement, and include pallor and 
M3 Promyelocytic leukemia fatigue, petechiae, purpura or bleeding, and infections. 
M4 Myelomonocytic leukemia Lymphadenopathy, hepatomegaly and splenomegaly are 
M5 Monocytic leukemia present in more than 60% (Fig. 21.3a). Bone or joint pain 
M6 Erythroleukemia and tenderness may occur due to involvement of 
M7 Megakaryocytic leukemia periosteum of bones or joints; skin rash/eruption may also 


occur. Infants and young children may present with a limp 
. or refusal to walk. Tachypnea and respiratory distress may 
Acute Myeloid Leukemia be present secondary to severe anemia leading to 
The classification is summarized in Tables 21.6 and 21.7. congestive heart failure or secondary to the presence of 
Myeloblast containing an Auer rod is shown in Fig. 21.2b. mediastinal mass leading to tracheal compression 
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eae = oi : Table 21.7: Genetic abnormalities in AML 
Rearrangements (genes) Frequency, % Clinical features 


Survival, % 
t(8;21)(q22;q22) (ETO/AML 1) 12 Chloromas common 75-85 
inv(16)(p13;q22) (MYH 11/CBF) 8 Eosinophilia 75-85 
t(15;17)(q22;q12) (PML/RAR) 12 FAB M3, Auer rods, 90 


ATRA sensitive 
Normal karyotype, gene mutations 


NPM (nucleophosmin) 8-10 75-85 

CEBPA (CCAAT-enhancer binding 4-6 FAB M1, M2 80 

protein alpha) 

FLT 3/1TD (Fms-related tyrosine kinase 10-15 <35 

intemal tandem duplication) 

WT1 8-10 

No known mutations 24 a 
_ Poor risk cytogenetics oo 

Deletion 5q ; 1 

Monosomy 7 2 oe 


<35 
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Fig. 21.3: (a) An 8-year-old ch 


(superior mediastinal syndrome). A large mediastinal 
mass may Cause superior vena cava syndrome with facial 
edema and plethora, throbbing headache, conjunctiva 
congestion and dilated neck veins. 


Patients with high tumor burden may present with very 
high total white cell (TLC) count (hyperleukocytosis, TLC 
>100 000/mm*) or tumor lysis syndrome. 

A few patients (5-10%) have central nervous system 
involvement at diagnosis; they present with cranial nerve 
palsies, seizures and occasionally raised intracranial 
pressure (headache, vomiting, irritability, papilledema). 
The diagnosis of CNS leukemia is made on examination 
of the cerebrospinal fluid. Overt testicular leukemia is seen 
in ~1% boys, when it presents with firm, painless, 
unilateral or bilateral swelling of the testes; the diagnosis 
is confirmed on biopsy. Rare sites of extramedullary 
involvement include heart, lungs, kidneys, ovaries, skin, 
eye or the gastrointestinal tract. 

The clinical presentation of AML is similar to ALL but 
more likely to have high TLC and incidence of infections 
(Fig. 21.3b). Unlike ALL, lymphadenopathy and massive 
hepatosplenomegaly is not very common. However, infants 
and toddlers with M4 and M5 AML subtypes have more 
organomegaly, high leukocyte counts and CNS disease at 
diagnosis. Gum hypertrophy a common feature of the M4 
subtype (Fig. 21.3c). Disseminated intravascular 
coagulation may occur with any subgroup, but is common 
in acute promyelocytic leukemia (M3). Chloromas are 
localized collections of leukemic cells that which may occur 
at any site including CNS, neck, bones (typically orbit) and 
skin (Fig. 21.3d). Patients with high TLC may present with 
signs of leukostasis such as pulmonary infiltrates causing 
respiratory distress or stroke. Central nervous system 
involvement may occur in up to 15% patients. 


Differential Diagnosis 


The clinical profile of ALL may mimic infectious 
mononucleosis, acute infectious lymphocytosis, idiopathic 





lid presented with acute lymphoblastic leukemia, prolonged fever and generalized lymphadenopathy; 
(b) A 6-year-old child with acute myeloid leukemia showing bilateral subconjunctival bleeds. (c) A 9-year-old child with acute 
myeloid leukemia showing gum hypertrophy; (d) A 10-year-old girl with acute myeloid leukemia presenting with proptosis (chloroma 
orbit) 


thrombocytopenic purpura (ITP), aplastic anemia and 
viral infections (e.g., cytomegalovirus) that might result 
in leukemoid reactions and pancytopenia. ITP is the most 
common cause of acute onset petechiae and purpura in 
children. There is no evidence of anemia and have normal 
TLC and differential count. Bone marrow smear reveals 
normal hematopoiesis and normal or increased number 
of megakaryocytes. Aplastic anemia may present with 
pancytopenia, or juvenile rheumatoid arthritis with fever, 
joint symptoms (limp, arthralgia or arthritis), pallor, 
splenomegaly and leukocytosis. ALL should be 
distinguished from other malignancies (neuroblastoma, 
non-Hodgkin lymphoma, rhabdomyosarcoma, Ewing 
sarcoma and retinoblastoma) that present with bone 
marrow involvement. 


Laboratory Features and Diagnosis 


Clinical presentation, peripheral blood counts and 
morphology are indicative of the diagnosis of ALL 
(Table 21,8). Children may present with pancytopenia or 


_ Table 21.8: Evaluation of a child with suspected leukemia 
* History and physical examination 
* Complete blood count and differential count 


* Peripheral smear examination (cell morphology), leukocyte 
platelet count, immune phenotype 


Chest X-ray (include lateral view, if mediastinal mass is present) 


* Blood electrolytes, urea, creatinine, uric acid, lactate 
dehydrogenase, calcium, phosphate, bilirubin, and 
oxaloacetate and pyruvate transaminases 


¢ Prothrombin time, coagulation profile 

* Bone marrow aspirate: Morphology, immunophenotype, 
cytogenetics, FISH/PCR for specific translocations 

e Bone marrow biopsy 

Serology: HIV antibody, hepatitis B surface antigen and 

antibody, hepatitis C antibody 

CSF cytology (give first dose of methotrexate with diagnostic 


tap) 








hyperleukocytosis. The diagnosis is confirmed by 
peripheral smear examination and bone marrow aspirate 
and biopsy. It is necessary to perform an aspirate as well 
as biopsy at time of initial diagnosis. Higher leukocyte 
(TLC) counts are more common with T cell ALL. The bone 
marrow where >25% of bone marrow cells are leukemic 
lymphoblasts is diagnostic for ALL (20% in case of AML). 
While morphology of the leukemic blasts can give 
important clues to the diagnosis, it needs to be confirmed 
by immunophenotyping of the bone marrow. Immuno- 
phenotype differentiates the cellular lineages of ALL into 
pre-B, T cell and mature B cell. This distinction is important 
as there are therapeutic implications of the cellular origin 
of ALL. The diagnosis for AML is also ascertained by 
peripheral smear and bone marrow examination, with 
determination of morphologic, cytochemical, immuno- 
phenotypic and genetic characteristics of blast cells 
(Table 21.7). 

Evaluation of CSF for blasts to determine CNS 
involvement is important for staging. The spinal tap is 
performed ideally with platelet count ~100000/mm/’. 
Children with CNS leukemia require more intensive 
therapy. Occasionally, the diagnosis of AML is preceded 
by a prolonged preleukemic phase lasting several weeks 
or months, characterized by lack of one of the normal 
blood cell lineages, with refractory anemia, moderate 
neutropenia or thrombocytopenia. The condition is 
referred to as a myelodysplastic syndrome; some patients 
show hypoplastic bone marrow that develops later into 
acute leukemia. 


Management 


Improved supportive care and use of combination 
chemotherapy has led to a survival in >80% overall and 
>95% children with low risk ALL. Treatment is 
determined by the risk of relapse in each patient. The risk 
based approach allows use of modest therapy for children 
with likely satisfactory outcome, and intense treatment 
for those with severe disease. 

Successful treatment of ALL requires the control of bone 
marrow or systemic disease, and treatment (or prevention) 
of extramedullary disease in sanctuary sites, particularly 
the central nervous system. 

Therapy for ALL is divided into 4 stages: (i) Induction 
therapy to attain remission; (ii) CNS prophylaxis or CNS 
preventive therapy; (iii) intensification or consolidation 
phase; and (iv) maintenance or continuation therapy. The 
intensification phase, following induction of remission, 
may not be required in low risk patients, though recent 

studies suggest benefits in long-term survival with 
intensification therapy in both low risk and high risk 
patients. The average duration of treatment in ALL is 24- 


30 months, with no advantage of extending treatment 
beyond 3 years. 
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Incuotion Therapy 


The goal of this phase Is to eradicate leukernia Suc h tha 
at end of this phase there are ~<5% leukemic blasts in the 
bone marrow. Induction therapy with a regimen corabininy 
vincristine and prednisone administered for 4 wey, 
induces remission in 60-95% patients. Current induction 
regimens that combine vincristine, prednisolone, t. 
asparaginase and an anthracycline result in rembosion in 
95-98% by 4-6 weeks. Patients who achieve rapid early 
remission (<5% blasts in marrow) by day 7 or 14 of 
induction have a better prognosis than slow responders, 
Failure to achieve this at end of induction 19 associated 
with high-risk of relapse. 


CNS Preventive Therapy 


Most children with leukemia have subclinical CNS 
involvement at diagnosis, which might act as a sanctuary 
where blasts are protected because of the blood-brain 
barrier. CNS prophylaxis has enabled increased survival 
rates in leukemia. Given the concern of long-term 
neurotoxicity and risk of brain tumors following standard 
cranial irradiation, experts recommend lower dose 
irradiation combined with intrathecal administration of 
methotrexate. Alternative regimens include the use of 
triple intrathecal therapy consisting of methotrexate, 
hydrocortisone and cytarabine without cranial irradiation 
or high dose systemic chemotherapy. Others propose that 
irradiation be limited to patients with high risk features 
at diagnosis, including T cell ALL with leukocyte counts 
>1000 000/mm*, Philadelphia chromosome positive and 
presence of CNS leukemia. 


Intensification (Consolidation) Therapy 


Consolidation with high dose methotrexate, L-asparaginas«, 
epipodophyllotoxin, cyclophosphamide and cytarabine 
has improved survival of patients with ALL, especially 
those with high-risk disease. Use of these medications may 


result in significant granulocytopenia and need for 
supportive care, 


Maintenance (Continuing) Therapy 


Approximately 2-3 logs of leukemic blasts are killed during 
the induction therapy, leaving a cell burden in the range of 
10-10". Additional therapy is necessary to prevent a 
relapse, Once remission is achieved, maintenance therapy 
is continued for an additional 2-2.5 years. Multiple drug 
combinations and schedules are used, some based on 
periodic reinduction, others on continued delivery of 
effective drugs. The main agents used are 6-mercaptopurine 
daily and methotrexate once a week, with or without 
vincristine and prednisolone or other cytostatic drugs. 


Infant ALL 


The outcome of ALL remains poor in infants, even with 
intense therapy including stem cell transplant. Only 30 


Childhood Malignancies 


40% of children with MLL t(4;11) gene rearrangement are 
cured. Therapy usually includes high dose cytarabine and 
methotrexate in addition to standard ALL therapy. 


Philadelphia Chromosome Positive ALL 


ALL with t(9;22), known as Philadelphia chromosome 
positive, was conventionally considered high risk due 
to chemoresistance and need for bone marrow transplanta- 
tion. Long-term combination therapy with imatinib has 
improved the 3 years survival to 80%. 


Other High-Risk Groups 


Hypodiploidy (<44 chromosomes), t(17;19), remission 
induction failure and minimal residual disease >1% at end 
of induction is associated with poor outcome. Most 
patients need allogeneic stem cell transplantation, 
although there is no strong evidence to support benefit of 
this approach. 

Compared to ALL, cure rates in AML are hampered 
by lower remission and increased relapse rates due to 
resistance to multiple medications, and higher risk of 
death in remission due to infections and hemorrhage. 
Intensification of therapy and improved supportive care 
has resulted in improved long-term survival for AML from 
<10 to ~50%. 

A risk-based approach is used for therapy. Patients with 
favorable features or normal cytogenetics are treated with 
chemotherapy alone. Patients with unfavorable genetic 
alterations undergo stem cell transplantation in the first 
remission. The induction regimen used commonly is 
cytosine arabinoside (100 mg/m?/day given as 
continuous infusion for 7 days) and daunorubicin (45 mg/ 
m*/day for 3 days) with or without additional agents 
(etoposide, thioguanine). While remission is induced in 
about 70-80%, most children relapse within 1 year. 
Consolidation therapy includes high dose chemotherapy 
with cytosine arabinoside and etoposide. Allogeneic bone 





Fig. 21.4: Acute promyelocytic leukemia. Perlpheral blood 
smear showing abnormal promyelocytes 


marrow transplantation during early remission is 
associated with a better long-term survival. 


Acute promyelocytic leukemia (APML): Patients with 
acute promyelocytic leukemia, M3 (Fig. 21.4), which 
accounts for 10-15% patients of AML, are treated with all 
transretinoic acid (ATRA), arsenic trioxide and 
chemotherapy with anthracyclines and high dose 
cytarabine. 


Prognosis 


Early response to treatment in childhood ALL as judged 
by clearance of blasts from peripheral blood by day 7 and 
bone marrow by day 14 of therapy is one of the best 
predictors for outcomes. Unsatisfactory prognostic factors 
include hypodiploidy, Philadelphia chromosome 
positivity, mixed lineage leukemia, IKZF-1 gene deletion, 
age <1 year or >10 years, leukocyte count >50,000/mm3 


ee eee "Table 21 .9: Prognostic features in acute lymphoblastic leukemia(ALL) = t—~CS : 
Feature Standard risk High risk 
Age 2-10 years <1 year; >10 years 
Sex Female Male 

Initial leukocyte count <50000/cu mm >50000/cu mm 
Hepatosplenomegaly Absent Massive 
Lymphadenopathy Absent Massive 

Mediastinal mass Absent present 

Central nervous system leukemia Absent Present 

Phenotype Pre B (T-cell intermediate) Mature B cell 

Ploidy Hyperdiploidy Hypodiploidy 
Cytogenetics t(12;21), trisomy 4 and 10 


Response to treatment 
Minimal residual disease after 1st induction 


Good early response 
Negative 


t(9;22), t(4;11),t(8;14) 
Poor early response 
Positive 
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and presence of minimal residual disease at end of 
induction by PCR assay or by flow cytometry (Table 21.9), 

~15-20% patients with ALL relapse, most commonly 
in the bone marrow followed by CNS and testis. The 
prognosis for patients who relapse depends on the site 
and time of relapse. Early bone marrow relapse before 
completing maintenance therapy has the worst prognosis; 
late relapses after cessation of maintenance therapy show 
better (30-40%) survival. Relapse at extramedullary sites, 
particularly testis, is more favorable in terms of survival. 
Late isolated CNS relapse (>18 months) can be effectively 
cured with cranial irradiation and systemic chemotherapy. 
Therapy for relapse is more aggressive than first line 
therapy. 

Adverse prognostic factors in AML include: Older age, 
obesity, MO and M7 subtype, and CNS disease at 
diagnosis. Lack of minimal residual disease, M3 subtype, 
AML associated with Down syndrome and presence of 
favorable cytogenetics [Inv16, t(8;21), t(15;17)] are 
associated with favorable outcome. 


Late Effects of Treatment 


Long-term effects of treatment are of concern. Patients who 
have received cranial irradiation at a young age are at risk 
for cognitive and intellectual impairment and development 
of CNS neoplasms. There is a risk of secondary AML after 
intensive use of epipodophyllotoxins (etoposide, 
teniposide), Endocrine dysfunction leads to short stature, 
obesity, precocious puberty, osteoporosis, thyroid 
dysfunction and growth hormone deficiency. Patients 


with prior therapy with an anthracycline are at risk of 
cardiac toxicity. 


Down Syndrome and Acute Leukemia 


Children with Down syndrome (trisomy 21) have a 15-20 
fold higher risk of acute leukemia, compared to the general 
population with a cumulative risk of ~2.1%. The ratio of 
ALL to AML in Down syndrome is similar to that in other 
children. One-half to two-thirds patients of acute leukemia 
in children with Down syndrome are ALL, the exception 
being the first 3 years of life when AML predominates 
and exhibits a distinctive biology. Approximately 10% 
children with Down syndrome develop a preleukemic 
clone, transient myeloproliferative disorder with somatic 
mutations in hematopoeitic transcription factor GATAI. 
These children present with high leukocyte count, 
circulating blasts in peripheral blood, hepatospleno- 
megaly, effusions, anemia and thrombocytopenia in the 
neonatal period, which resolves by 3 months. About 20% 
patients with the transient myeloproliferative disorder 
develop AML. AML in children with Down syndrome 
generally develops before 5 years of age, has low leukocyte 
count and does not have CNS involvement; two-thirds 
show acute megakaryocytic leukemia (FAB M7). Since 
blast cells in these patients have high sensitivity to 


medications, they require less intense chemotherapy and 
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show better outcomes than AML in those without trisory, 
21. Children with trisomy 21 are also at higher risk foy 
ALL. However, these patients do not show a preleukem(, 
phase and their outcome is inferior to those without Down 
syndrome and ALL. 
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CHRONIC MYELOID LEUKEMIA — 


Chronic leukemias constitute 3% of Jeukemias in 
childhood. Chronic myeloid leukemia (CML) is a clonal 
disorder that originates in a pluripotent hematopoictic 
stem cell and is characterized by myeloid hyperplasia of 
the bone marrow, extramedullary hematopoiesis, 
elevation of white blood cell count (with appearance of 
the complete range of granulocyte precursors in the 
peripheral blood), CML bears a specific cytogenetic 
marker that is known as the Philadelphia (J’h) 
chromosome. Ionizing radiation is implicated in the 
pathogenesis of CML. Two main forms of well differen- 
tiated myelogenous leukemia are recognized. 


Adult CML: The condition is clinically and hematolopically 
comparable to the adult form of chronic myelogenous 


leukemia and occurs in children above the age of 4 ycars 
(Fig. 21.5a). 


Juventle CML; This form presents in infancy and « irly 


childhood, usually below the age of 4 years, and hias a 
more rapid course (Fig. 21.5b). 


Adult Variety of CML 


Though the adult variety of CML is a common leuk.inia 
in adults, it is rare in children accountin g for 3-5% cases. 
CML patients show a triphasic course: The usual phase at 
diagnosis (~85% patients) is the chronic phase, which may 
progress to the accelerated phase and blast crisis 
resembling acute leukemia in which myeloid or lym phoid 
blasts proliferate in an uncontrolled manner. 

Children present in the chronic phase with fatigue, 
malaise, weight loss, excessive sweating, abdominal 
fullness, and bleeding due to platelet dysfunction, 
splenomegaly is usually massive. Symptoms of leukostasis 
such as headache, dizziness and visual disturbances may 
occur rarely, Symptoms in the accelerated phase or blast 
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Fig. 21.5: (a) A 6-year-old boy with chronic myeloid leukemia 
presenting with fever, anemia, significant splenomegaly and 
hepatomegaly of 6 months duration. (b) A 1-year-old boy 
presented with fever, rashes, anemia, significant splenomegaly 
and hepatomegaly. He was diagnosed as juvenile myelo- 
monocytic leukemia 


crisis include fever, night sweats, rapid weight loss, splenic 
pain, lymphadenopathy, cutaneous infiltration, bleeding 
or infection. 

Leukocytosis is present in all cases and 80% patients 
have leukocyte counts >100,000/cu mm. The differential 
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Category 1 (all must be present) 


count shows all forms of myeloid cells from promyeclocytes, 
myelocytes and metamyelocytes to polymorphonuclear 
leukocytes; basophilia is common. Genetic testing for the 
Philadelphia (Ph) chromosome in conjunction with 
marrow morphology allows confirmation of the diagnosis. 


Treatment 


The aim of treatment is to control increasing white cell 
counts. First and second-generation oral tyrosine kinase 
inhibitors (TKI) are the treatment of choice. Majority of 
patients achieve complete hematologic and cytogenetic 
response following imatinib therapy and the rate of 
progression to accelerated or blast crisis is reduced. The 
starting dose of imatinib is 340 mg/m*/day. Bone marrow 
cytogenetics is monitored every 6 months until a complete 
cytogenetic response is obtained. Survival after 
development of accelerated phase is usually less than a 
year and after blast transformation only a few months. 
Allogeneic stem cell transplantation is recommended for 
patients who do not respond to TKI. 


Juvenile Chronic Myeloid Leukemia 


JCML, also termed as juvenile myelomonocytic leukemia 
(JMML), is an uncommon hematological malignancy 
accounting for less than 2% leukemias in children. Patients 
with neurofibromatosis are at high risk for development 
of JCML. Compared to ACML, JCML is a disease of 
infancy and early childhood below the age of 5 years, has 
more acute and severe course with relatively more 
frequent lymphadenopathy, anemia, hepatospleno- 
megaly, skin involvement (eczema, xanthoma and café au 
lait spots), infection and thrombocytopenia. 

Peripheral smear shows leukocytosis (usually less 
than 1000 000/cu mm) with the full spectrum of 
granulocyte precursors and increased normoblasts; 
monocytosis is striking (Table 21.10). Thrombocytopenia 
and anemia are common. The leukocyte alkaline 
phosphatase score is normal or low and fetal hemoglobin 
levels are elevated. Bone marrow aspirates show 
increased cellularity with predominance of granulocytic 
cells in all stages of maturation; megakaryocytes are 
normal or decreased. Most patients have normal 


“Table 21.10: Diagnostic criteria for juvenile myelomonocytic leukemia (JMML) 
Age <13 years 


Splenomegaly 

Absolute monocyte count >1000/cu mm 

Blasts in peripheral blood/marrow <20% 

Absent philadelphia chromosome and BCA/ABL fusion gene 


Category 2 (at least 1 of the following) 


Somatic mutation in RAS/PTPN11 


Clinical diagnosis of NF1 or monosomy 7 


Category 3 (at least 2 of the following) 


Circulating myeloid precursors 


Leukocytes >10,000/cu mm 
Elevated fetal hemoglobin, HbF (corrected for age) 
Clonal cytogenetic abnormalities (excluding monosomy 7) 


| sor 








Karyotype or nanspecitic chromosomal abnormallter, 
Philadelphia chramosome is negative; monosmy 7 In 
found in d0% pationts, 


ICML has a fulminant and rapidly fatal courne, 
Management involves supportive care Ineliding packed 
rad cell and platelet transfusions, treatment ot fifectlons 
and allogenic stem cell transplant, if a matched sibling 
donor is present, 
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Tanizawa A, Optimal management tar pediatric choonte myelold 
leukemia . Pediatr Int 2016; 8: 171-79, 


LYMPHOMA __ —_ 
Lymphomias are the third mast common malignancy, 
compnising 10-15% of childhood cancers, About 60% are 


non-Hodgkin lymphoma and 40% are Hodgkin lymphoma 
(Table 21.11). 


HODGKIN LYMPHOMA 


Hodgkin Ivmphoma is a lymphoreticular neoplasm 
primarily of B cell lineage that involves lymph nodes and 
the lymphatic system. The incidence ranges trom 5-7/ 
100,000 population; the condition is uncommon below the 
age of 5 years and exhibits three distinct forms in 
developing countries: The childhood form (younger than 
14 vears), a young adult form (15-4 years) and older adult 
form (55-74 years). There is a male preponderance (10:1) 
in children affected below 7 years of age, With equal sex 
distribution beyond 12 years of age. The vast majority (80- 
90%) achieve disease remission with multiagent 
chemotherapy with or without radiotherapy, 
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Epidemiology 


The atlolopy off lodpkin lymphoma js multifactorial with 
a role for Infectloun agents, genetic susceptibility, 
socloecononme factors, environment and immune 
dynreptlatlon, Giblnps have a 7-fold increase in risk and 
multiple studies confirm a gender concordance of sibling 
palin, A ntronp, evidence of genetic susceptibility further 
comes fronya 100-fold Increased risk in monozygotic twins 
compared with dizygotic twins. Epidemiologic studies 
have supgented Inks between Hodgkin lymphoma and 
viral (nesses Hke Epstein-Barr virus (EBY). EBV viral] 
DNA ean be found In Hodgkin-Reed-Sternberg cells, 
suggesting, monoclonal proliferation of the neoplastic 
clone following Infection, EBY infection is commonly seen 
in young children with mixed cellularity disease. Immune 
deficleney (congenital/acquired) and autoimmune 
conditions (rheumatold arthritis, SLE, sarcoidosis, ITP) are 
associated with Increased risk of Hodgkin lymphoma. 


Pathology 


Lymph nodes are the most common tissue on which the 
diagnosis of Hodgkin lymphoma is made. However, liver, 
spleen, bone marrow or lung may provide the material 
for histological examination, It is necessary to obtain the 
entire node by excision biopsy for proper examination. 
Fine needle aspiration biopsy and frozen section material 
are not optimal for histology. 

The WHO classification of Hodgkin lymphoma 
recognizes two subtypes: Nodular lymphocytic predomi- 
nant Hodgkin lymphoma (NLPHL) and classical Hodgkin 
lymphoma. NLPHL subtype is characterized by large celis 
with multilobed nuclei referred to as popcorn cells. These 
patients are generally asymptomatic and present with 
localized nonbulky mediastinal disease. The hallmark of 
classic Hodgkin lymphoma is the Reed-Sternberg (RS) cll, 
a binucleated or multinucleated giant cell with bilobed 
nucleus and two large nucleoli, giving an owl cye 
appearance to the cells. There are four varieties of Hodg}.in 
disease, characterized by the number of RS cells 
characteristics of inflammatory milieu and presence or 
absence of fibrosis (Table 21.12). Nodular sclerosing is the 


Table 21.11: Clinical features of Hodgkin and non-Hodgkin lymphoma 


Clinical feature Hodgkin lymphoma Non-Hodgkin lymphoma 
Nodal spread Continuous Discontinuous 
Localized Yes Rare 

Extranodal disease Rare Common 

Central nervous system disease Rare Common 

Bone marrow involved Rare Common 

Class B symptoms Common Uncommon 

Abdominal dissase Uncommon Common 

Subtype based therapy Not important Crucial 

Cure rates 85-90% 


70-80% 
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ae | Table 21.12: Histological subtypes of Hodgkin lymphoma ~e -  a 
Histology Frequency Prognoala 
Nodular lymphocyte predominant 10% [ixcallant 
Classical Hodgkin lymphoma 

Nodular sclerosis 20-50% Vary good 

Mixed cellularity 20-40%; most common In Oood 

developing countries and In children 
Lymphocyte rich 10-15% Rxcallont 
Lymphocyte depletion 5~-15% Poor 


most common type in developed countries, whereas in 
developing countries including India, the mixed cellularity 
type accounts for ~60% cases. On immunophenotyping, 
the classic subtypes are positive for CD15 and CD30 and 
may be positive for CD20, whereas NLPHL is negative 
for CD15 and CD30 but positive for CD20 and CD45. 


Clinical Features 


Children with Hodgkin lymphoma present with painless 
cervical or supraclavicular lymphadenopathy; the nodes 
are firm and rubbery in consistency (Fig. 21.6a). Cervical 
lymph nodes are the most frequent (80%) site of primary 
involvement; 50% patients also have mediastinal 
adenopathy and superior mediastinal syndrome. Less 
commonly, axillary or inguinal lymphadenopathy is the 
presenting feature. About 20-30% of children present with 
systemic “B” symptoms, with fever over 38°C, night sweats 
and unexplained loss of >10% body weight at presentation. 
The frequency of these symptoms increases with advanced 
disease and indicate an unfavorable prognosis. 

Other prognostic factors include stage of disease, 
histopathological subtype (risk increases from lymphocyte 
predominant to nodular sclerosis to mixed cellularity to 





Fig. 21.6: (a) This 10-year- 
showed features of Hodgkin lymphoma; 


Qs Burkitt lymphoma, 
Qs T lymphoblastic lymphoma on lymph node biopsy 


lymphocyte depletion), bulky mediastinal disease, ) 
extensive splenic involvement and more than IS nodal sites 
in stage HL. Bone Involvement by classical PIL may cause 
pain. Bone marrow Involvement rarely results in 
cytopenias and has been associated with a variety of 
paraneoplastic syndromes, 


Diagnostic Work-up and Staging 


Evaluation includes careful assessment of all lymph node 
bearing areas and relevant investigations (Tables 21.13 
and 21.14), 


Management 


Treatment modalities, including total nodal radiation 
therapy tochemotherapy to combination of chemotherapy 
and radiotherapy have led to significant improvement in 
survival rates. 

Most children are treated with combination chemo- 
therapy alone or in combination with radiotherapy, 
Superior efficacy and absence of significant toxicity have 
made ABVD the preferred regimen for Hodgkin 
lymphoma; concerns of this protocol include cardio: 
myopathy and pulmonary fibrosis. The dose of radiation 








old boy presented with fever and significant bilatoral corvical lyrnphadonopathy, Lymph node biopsy 
(b) A | 0-year-old boy with fever, significant lght cervical lyrnphadenopathy wos dluagnoved 
(c) Chest X-ray of a 7-year-old boy with mediastinal mass and loft-sidod ploural effusion. He was diagnosed 
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Table 21.13: Diagnostic evaluation for children with Hodgkin 


lymphoma 
Physical examination; measure size and n 
nodes 
Complete blood counts, ESR, CAP. liver and renal functions, 
alkaline phosphatase, LDH 
Blopsy of lymph node or involved extranodal site 
Chest X-ray posteroanterior and lateral views; measure 
mediastinal mass thoracic cavity ratio 
CT scan: Neck, chest and abdomen 
Bone marrow biopsy (all children except stages IA, IA) 
Bone scan (recommended in children with bone pains or raised 
alkaline phosphatase) 
CT scan brain, cerebrospinal fluid examination (if indicated 
clinically) 
Galllum scan, positron emission tomography (PET) (identifies 
more sitos than conventional imaging; accurate for residual 
mass) 
PET-CT Idontifies more sites of initial disease than conventional 
Imaging and is accurate in detecting tumor tissue in post- 
therapy masses. Rapid early response (significant reduction 
In disease volume and PET negativity within 1-2 chemotherapy 
cyclos) has favorable outcome, PET-CT is advised 23 weeks 
following completion of chemotherapy, and 8-12 weeks 
postradiation 
Surgical staging with lymph node sampling and lymph- 
anglography (in selected cases) 


umber of lymph 


therapy ranges between 15 and 25 Gy with modifications 
based on patient age, response to chemotherapy and 
presence of bulky/residual tumor, Several studies have 
demonstrated that chemotherapy alone is effective therapy 
for pediatric Hodgkin lymphoma. The advantage of this 
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Stage Involvement 


Table 21.14: Modified Ann Arbor staging for Hodgkin lymphoma 
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approach is elimination of radiation-associated adverse 
effects like myocardial dysfunction, musculoskeletal] 
growth deficits and second malignancy. 3 
Treatment for patients with favorable clinical 
presentation (localized node involvement: Stage [, HI, IITA; 
absence of B symptoms, no evidence of bulky disease) 
consists of 2-4 cycles of chemotherapy (A BVD/ others) and 
low dose involved field radiation. Unfavorable clinical 
(B symptoms; bulky mediastinal/ peripheral 
lymphadenopathy; extranodal extension of disease; 
advanced disease: Stage IIIB-IV) are treated with 4-6 cycles 
of ABVD with/without radiotherapy. The role of 
additional radiotherapy in stage III and IV lymphoma is 
controversial. Hematopoietic stem cell transplantation 
(HSCT) is offered to patients who relapse or for those who 


are refractory to primary therapy. 


presentation 


Prognostic Factors 


Factors affecting outcome include pretreatment factors 
(advanced stage, presence of 'B' symptoms, bulky disease, 
extranodal extension, male sex and elevated ESR) and 
treatment related factors (rapidity of response to initial 
cycles of chemotherapy). Hodgkin lymphoma is one of 
the most curable cancers of childhood, especially if 
detected in early stages. Appropriate staging, availability 
of advanced techniques of investigation and use of risk 
adapted treatment protocols have resulted in excellent 
overall survival. 


Suggested Reading 


* Metzger M, Krasin MJ, Hudson MMz Onciu M. Hodgkin 
lymphoma. In: Principles and Practice of Oncology. Eds. Pizzo PA, 
Poplack DG. Lippincott Williams Wilkins, Philadelphia, 2011; pp 
638-62. 


l Single lymph node region (I) or one extra lymphatic site/organ (I,-) by direct extension 


Wl Two or more lymph node regions on the same side of diaphragm (Il), or one or more lymph nod . 
’ r j ’ 
side of diaphragm plus local extralymphatic extension (II,) Te SR CE CIONE Re oat 


Ul Lymph node regions on both sides of the diaphragm (Ill), which may be accompanied by local extralympha 


extension (IIl_-) 


II11 Abdomen disease is limited to the upper abdomen: Spleen or its hilar nodes, celiac nodes, porta hepatis nod’ : 
112 Abdomen disease includes paraortic, mesenteric and iliac nodes, with or without disease in upper abdomen 


IV Diffuse Involvement of one/more extralymphatic organ/sites with or without associated lymph node involvement 


A No B symptoms 
B Presence of at least one of the following: 


Unexplained weight loss >10% baseline during 6 months before staging 


Recurrent unexplained fever >38°C 
Recurrent night sweats 


xX Bulky tumor 


x way tumor Is olther a single mass of tumor tissue exceeding 10 cm in largest diameter, or a mediastinal mass extending one-third of the 
maximum transverse intrathoracic diameter measured to the inside of the ribs on a standard posteroanterior chest radiograph 
E lesion Localized extranodal extension of Hodgkin lymphoma from a contiguous/nearby nodal site 
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« Rachna 5, Das RR. Puri K, Singh P. Clinical profile and 
chemotherapy response in children with Hodgkin lymphoma ata 
tertiary care centre. | Clin Diag Res 2015; 8SC2S-SCH, 


NON-HODGKIN LYMPHOMA 


Non-Hodgkin lymphoma (NHL) comprises a hetero- 
geneous group of neoplasms that most commonly occur 
during the second decade. Together with Hodgkin disease, 
NHL comprises the third most common childhood 
malignancy. 


Epidemiology 


The relative frequency and incidence of NHL show 
geographic variations. There is male preponderance, with 
male to female ratio of 3:1 in children <15-vearold. NHL is 
uncommon before 3 years of age. Age-specific trends of 
inddence of NHL may correlate with histologic subtype. 
Burkitt and Burkitt-like lymphomas occur in children 
between 5 and 15 vears, while the incidence of lymphoblastic 
lymphoma is constant across all age groups. Diffuse large B 
cell lymphoma (DLBCL) is a disease of older adolescents. In 
equatonial Africa, 50°o of all cancers are lymphomas (chiefly 
Burkitt lymphoma). In United States and Europe, one-third 
of childhood NHL is lymphoblastic, one-half are small 
noncleaved cell lymphomas (Burkitt, non-Burkitt or Burkitt- 
like) and the rest are large cell lymphomas. In India, 
lymphoblastic lymphoma is more common. 
Lymphoblastic lymphomas are T cell derived, while 
undifferentiated lymphomas (Burkitt, non-Burkitt) are 
B cell derived. NHL may follow previous chemotherapy 
for Hodgkin disease, or be associated with immuno- 
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deficiency and DNA repair deficiency syndromes 
(Wiskott-Aldrich syndrome, X-linked lymphoproliferative 
disorders and ataxia telangiectasia), acquired 
immunodeficiency syndrome and ergan transplantation 
(post-transplant lymphoproliferative disease). Infection 
with malaria and EB virus are considered risk factors for 
Burkitt lymphoma, 


Pathology 


The major histological types of NHL are Burkitt/Burkitt- 
like lymphoma (BL), lymphoblastic lymphoma (LL), 
diffuse large B cell lymphoma (DLBL) and anaplastic large 
cell lymphoma (ALCL) (Table 21.15). 


Clinical Features 


NHL in children has distinct clinical and behavior 
properties when compared to adults. Lymphomas in 
adults are commonly low or intermediate grade and are 
dominantly nodal, have variable growth fraction with 
poor long-term outcome, NHI. in children is high grade, 
extranodal with high growth fraction and good outcome. 
Children usually present with extranodal disease 
involving the mediastinum, abdomen, or head and neck 
region (Fig. 21.6b). Intrathoracic NHL, most often T-cell, 
may have features of superior mediastinal or superior 
vena caval syndrome. There may be associated pleural or 
pericardial effusion (Fig. 21.6c). Cervical adenopathy, 
abdominal pain, ascites, palpable abdominal mass, 
intestinal obstruction or intussusception, cranial nerve 
palsy, bone or jaw swelling, and cytopenias duc to marrow 
involvement are other features. 


oe estos fi Table 21.15: Types of non-Hodgkin lymphoma (NHL) 
‘Type Immune type Features Translocation Remarks 
Burkitt, Burkitt- Mature B cell (surface _—_‘Intra-abdominal, head, t(8:14)(q24;q32) India: sporadic form is common 
like lymphoma IgG +IgM) neck; jaw (Waldeyer ring) —t(2;8)(p11;q24) and with abdominal presen- 
50% of NHL CD10, 19, 20; kappa Less common: CNS, testes, t(8;22)(q23;q23) tation 

and lambda marrow Africa: Endemic form common 


Mature B cell 
CD 19, 20, 22, 38, 79a 


Diffuse large B 
cell lymphoma 


Nodal, abdomen, bone 
Less common: CNS, 


with jaw mass 


10-20% of NHL; often localized 
20% present as primary 


t(8:14)(q24:q32) 
t(2;17)(p11;q24) 


(DLBCL) marrow, mediastinum mediastinal disease; poor 
10-20% of NHL prognosis 

Lymphomatous'_  PreT cell (~70%) Mediastinal, bone t(1;14)(p32;q1 1) Majority 70% are T lineage 
lymphoma Pre B cell (~30%) marrow, skin, bone t(11;14)(p13;q11) with mediastinal mass >25% 
Precursor T & B cells t(11;14)(p15:;q11) blasts: Managed as leukemia 
20% of NHL 1(10;14)(q24;q11) 


CD30; anaplastic 
lymphoma kinase 
(ALK, CD246), 
epithelial membrane 
antigen positive 


Anaplastic large 
cell lymphoma 
10% of NHL 


Lymph node, skin, bones, 
visceral, soft tissues 


t(7;19;)(q35;p13) 
t(2;5)(p23;q35) 
t(1;2)(q21;23) 


Varled presentation; extranodal 
nodal involvement 


t(2;3)(p23;q21) Systemic symptoms present 
t(2:17)(p23;q23) | Prolonged waxing/waning 
t(X;2)(q11-12;p23) course 


Inv 2(p23;q35) Diagnosis delayed and difficult 
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[e 2 “Table 21.16: St. jude staging system for childhood non-Hodgki 


Low risk (localized) 

| Single tumor (extranodal), single anatomic area (nodal) excl 

II Single tumor (extranodal) with regional node involvement 
Primary gastrointestinal tumor (completely resected with 
Two/more tumors/nodal areas on one side of the diaphragm 


High risk (advanced) 


HI All primary intrathoracic (mediastinal, pleural and thymic) tumors 
All extensive primary intra-abdominal disease 
) IV 


uding mediastinum or abdomen 


or without involvement of mosenterlo nodes 


Two/more nodal or extranodal areas on both sides of diaphragm 
Any of the above with central nervous system and/or bone marrow involvement 


All paraspinal or epidural tumors regardless of other tumor sites 
Diagnosis 


NHL are rapidly growing tumors and require prompt 
diagnosis. Selection of the appropriate lymph node or 
mass for histological diagnosis is necessary. Histology is 
supplemented, where possible, with immunophenotypic 
and cytogenetic studies. If the clinical condition is not 
suitable for biopsy, due to a large mediastinal mass 
causing superior vena cava syndrome, the diagnosis may 
be made with less invasive procedures including 
percutaneous needle aspiration, examination of body 
fluids (e.g. pleural fluid) or bone marrow. All newly 
diagnosed patients should be carefully staged (Table 21.16) 
and worked up (Table 21.17). 


Management 


Improvement in survival has been possible due to use of 
highly effective chemotherapy and strong supportive care. 
Surgery has limited role in treatment, other than for 


diagnosis. Radiotherapy is restricted to emergencies, e.g., - 


spinal cord compression due to paraspinal disease. 
Multiagent chemotherapy, directed to the histatogic 


subtype and stage of the disease, is recommended for 
NHL. 


Table 21.17: Evaluation of a patient with non-Hodgkin lymphoma 
History and physical examination 

Complete blood count; peripheral smear examination 

Liver and renal function tests, electrolytes, LDH, uric acid 


Biopsy for histology; cytochemical, immunologic, cytogenetics 
and molecular studies 


Pleural, pericardial or peritoneal fluid: Cytomorphology, immuno- 
phenotype characterization 


Bone marrow aspiration and biopsy: Cytomorphology, immuno- 
phenotype characterization 


Chest radiograph (include lateral view if mediastinal widening) 
Ultrasonography chest and abdomen 
CT scan/MRI of neck, chest and abdomen 


Positron emission tomography-CT (optional) 
Echocardiography 


Emergency Management 


Life-threatening complications in NHL include: 
¢ Superior vena cava obstruction and esophageal 
compression from mediastinal masses with lympho- 
blastic lymphoma | 
¢ Airway obstruction from pharyngeal or intrathoracic mass 
¢ Tumor lysis syndrome seen with lymphoblastic 
lymphoma and Burkitt lymphoma 
¢ Respiratory/cardiac compromise duc to massive 
pleural/ pericardial fluid 
e Paraplegia from epidural tumor or raised intracranial 
pressure, and neurological deficit from intracranial 
lymphoma or CNS involvement 
e Obstructive jaundice and pancreatitis 
compression of bile or pancreatic ducts 
¢ Gastrointestinal bleeding, obstruction, intussusception 
and rarely perforation 
These complications need to be recognized early and 
treated appropriately. Patients with superior mediastinal 
or-vena caval syndrome require therapy with high dove 
[V dexamethasone. Tumor lysis syndrome must be 
anticipated and prevented by ensuring hydration, and ie 
of rasburicase or allopurinol; those with acute kidney 
injury or metabolic aberrations require hemodialysis. 
The cornerstone for treatment of pediatric NIII. is 
multiagent chemotherapy. Different chemotherapeutic 
regimens are used for treatment of B and T cell 
lymphomas. Most successful protocols are the German 
BFM (Berlin, Frankfurt, Munster) protocols and a modified 
version of LSA2L2 protocol. These are intensive protocols 
that use combinations of 8 to 10 drugs. Cranial irradiation 
or prophylactic intrathecal chemotherapy is given in stages 
Il and IV disease. Chemotherapy is give for a period of | 
to 2 years depending on the stage and extent of the disease. 
Radiation is recommended for specific indications, like 
CNS involvement. Long-term survival in patients with 
lymphoblastic lymphoma with limited disease ig 80-90% 
and for advanced disease 70-80%, 
Therapy for B cell (Burkitt, non-Burkitt) lymphomas 15 
different. Most protocols consist of short duration 
(6 months) intensive alkylating high dose methotrexale, 


from 
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vincristine, anthracyclines, etoposide and cytarabine. CNS 
prophylaxis is provided with intrathecal chemotherapy. 
Long-term survival is highly satisfactory with survival in 
more than 90% patients with limited disease and 75-85% 
in patients with extensive disease. Survival rates in 
atients with bone marrow disease have also improved 
dramatically. The use of anti-CD20 monoclonal antibodies 
(rituximab) directed against B-cell antigens has been 
combined with standard chemotherapy to improve 
survival. Anaplastic large cell lymphoma may be treated 
either as Burkitt or as lymphoblastic lymphoma. The 
management of relapses is a challenge that requires 
intensive protocols and stem cell transplantation. 


Suggested Reading 
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RETINOBLASTOMA 


Epidemiology 


Retinoblastoma is the most common primary intraocular 
tumor of infancy and childhood with an incidence of 1 in 
every 20,000 live births. About 90% cases are diagnosed 
by the age 3+4 years and 98% by 5 years. One-third patients 
have bilateral disease, which is often multifocal and 
diagnosed at a younger age. The tumor is highly sensitive 
to chemotherapy and survival rates in developed countries 
are greater than 90%. 


Genetics 


The retinoblastoma gene (RB1), encoded on chromosome 
13q14, was the first described tumor suppressor gene. Loss 








of one RB1 allele predisposes to cancer, while loss of the 
second allele, in developing retinal cells, leads to 
retinoblastoma. 

Retinoblastoma, a tumor of the embryonic neural retina, 
can be sporadic or inherited, Sporadic tumors are 
unilateral, unifocal and occur at an older aye, while 
inherited tumors occur earlier and are often bilateral and 
multifocal (Fig. 21.7a). The "two hit" model of oncogenesis 
proposes that two mutational events are required for 
development of retinoblastoma, the first hit being a 
inherited mutation in RB7 and the second is acquired in 
the somatic retinal cell. In sporadic retinoblastoma both 
mutations occur in the somatic retinal cell. Most cases of 
hereditary retinoblastoma have a spontaneous new 
germline mutation while their parents have wild type RB] 
alleles. The risk of an offspring inheriting an RB7 mutation 
from a parent with germline mutation is 50%; 97% children 
with inherited mutation is at risk of retinoblastoma, 
Germline mutations of RB7 also cause an increased risk 
of a second malignancy of the lung, soft tissue, bladder, 
skin, bone and brain; the risk is higher when these patients 
receive radiation therapy for the retinoblastoma. A small 
proportion (5-10%) of unilateral tumors is hereditary. 


Clinical Features 


The tumor arises from retina and grows towards the 
vitreous. Its progression results in involvement of ocular 
coats and optic nerve leading to scleral, orbit and central 
nervous system involvement. Hematogenous dissemination 
may lead to distant metastasis. Leukocoria (white 
pupillary reflex) is the most common presentation 
(Fig. 21.7b). Strabismus, poor visual tracking and 
glaucoma are other presenting features. Orbital 
inflammation, hyphema and irregular pupil, phthisis bulbi 
(Fig. 21.7c) and a fungating ocular mass sugyest advanced 
disease is often detected late, in developing countries, 
retinoblastoma cither with an orbital mass (proptosis) or 
with distant metastasis to the bones, bone marrow, lymph 
nodes and central nervous system. 
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Fig. 21.7: Retinoblastoma: (a) Familial retinoblastoma In two siblings; (b) A 3-year-old boy showing leukocorla: (c) A 3-yoar-old boy 
With phthisis bulbi 
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(wrt wes Zam Table 21,18: International classification of intraocular retinoblastoma 


No tumor greater than 3 mm in dimension; away from fovea and optic nerve 
Any eye with tumor not in group A with no vitreous seeding, subretinal fluid <5 mm from 


Tumors with focal fine vitreous seeding or subretinal fluid (<1 quadrant) 


Tumor involving >50% globe, touching the lens, involves anterior segment 


Eye enucleated, microscopic residual tumor in form of tumor invasion into extrascleral space or optic nerve 


Metastatic disease Hematogenous metastasis (without central nervous system involvement): Single or multiple 


Central nervous system extension (with/without regional or metastatic disease) 
Prechiasmatic lesion, CNS mass, leptomeningeal and cerebrospinal fluid disease 


Group A Vary low risk 
Group B Low risk 
base of tumor 
Group C Moderate risk, 
focal secds 
Group D High risk lAassive/diffuse vitreous seeding, extensive subretinal masses 
Group E Vary high risk, Unsalvageable eyes 
extensive 
retinoblastoma Diffuse infiltrating retinoblastoma, neovascular glaucoma 
Opaque media from hemorrhage 
Tumor necrosis, aseptic orbital cellulitis, phthisis bulbi 
Table 21.19: International retinoblastoma staging 
Stage Description 
Stago 0 Eye has not been enucleated and no dissemination of disease 
Conservative treatment 
Stage | Eye enucleated, completely resected histologically 
Stage II 
Stage III Regional extension Overt orbital disease 
Preauricular or cervical lymph node extension 
Stago IV 
lesions 
Diagnosis Treatment 


The diagnosis is based on history, clinical examination and 
imaging, Ocular examination of both eyes should be done 
under anesthesia. Imaging studies such as ultrasound, 
CT/MRI (preferred) scans are used to assess the orbital, 
optic nerve and for intracranial extension. Rarely children 
with hereditary retinoblastoma show a pineal tumor 
(trilateral retinoblastoma) that is detected on imaging. CSF 
and bone marrow examination are done only if indicated 
on clinical examination or imaging. Biopsy or aspiration 
cytology is not routinely required unless the diagnosis is 
in doubt. Occasionally an adjacent lymph node needs to 
be aspirated for metastasis. Screening for RB1 mutations 
on peripheral blood or tumor tissue, helps differentiate 
somatic from germline mutations. 


Staging 


Retinoblastoma may be intraocular or extraocular. 
Intraocular retinoblastoma denotes that the disease is 
limited to the eye, and is confined to the retina or extends 
to the choroid, ciliary body, anterior chamber and optic 
nerve head (Tables 21.18 and 21.19). Extraocular 
retinoblastoma refers to extension of the illness beyond 
the eye, including tissues around the eye (orbital 
retinoblastoma) or spread to the central nervous system, 


bone marrow or lymph nodes (metastatic retino- 
blastoma). 


The aim of treatment is survival with eradication of 
disease; maintenance of vision and preservation of globe 
and vision are secondary goals. Treatment depends on 
size, location, extent of the tumor and whether it is 


hereditary or sporadic. Retinoblastoma is curable when 
the disease is intraocular. 


Laser therapy: Argon or diode laser is the primary 
treatment for smaller tumors, but is also sometimes used 
after chemoreduction. 


Cryotherapy: A special probe applied through the sclera 
to produce low temperatures (-60 to -80°C) is suitable tor 
tumors smaller than 4 disc diameters close to the retina. 


Chemotherapy: Chemotherapy enables salvaging the 
affected eye, avoiding enucleation or external beam 
radiotherapy and risk of second malignancies. Systemic 
chemotherapy most often comprises a combination of 
vincristine, carboplatin and etoposide. Chemotherapy may 
also be used for chemoreduction, as an adjunct modality 
or for therapy of metastasis. Newer routes of drug 
(melphalan, carboplatin) administration by periocular, 
intravitreal and intraophthalmic artery injection have 
improved outcomes in intraocular retinoblastoma. 


Enucleation: In cases of unilateral disease with large 
tumors where no useful vision can be preserved, 
enucleation is performed early. In children with bilateral 
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divense systemic Chemotherapy ia used Initially, followed 
hy loral Weatment with laser photocoagulation or 
erymhenipy i order to preserve vision, The eye with the 
pe sefil Vision should be enucleated in these cases, 


Riatotherapy: loxsternal bean) radiotherapy is considered, 
(fhemotherapy and focal therapy fail, Radiotherapy may 
lend to orbital deformity, sicea syndrome, cataracts, 
radiation retinopathy, neovascular plaucoma and risk of 
wascond malignaney, 


Himatapaletle stem cell transplantation; Patients with 
mdraocular disease have poor prognosis with respect to 
survival, Those with regional extraocular disease 
Gnvolving orbil, optic nerve or preauricular region) may 
he trealed with a combination of conventional 
chemotherapy and external beam radiotherapy. Patients 
With cistint metastasis require high dose chemotherapy, 
external beam radiotherapy and hematopoietic stem cell 
transplantation, 


Prognosis 


Moat tiimors that are confined to the eye are cured, Focal 
therapy or enucleation is curative in more than 95% of 
patients with unilateral disease, Cures are infrequent when 
extensive orbital or optic nerve extension has occurred or 
the patient has distant metastasis. 

Genetic counseling is an important component of 
management. All first degree relatives of children with 
known or suspected hereditary retinoblastoma should 
have regular examination for evidence of malignancy until 
7 years of age. 
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WILMS TUMOR 


Wilms tumor or nephroblastoma is the commonest 
malignant neoplasm of the kidney and second 
most common abdominal malignancy in children. 
Approximately 6% of all childhood cancer is Wilms tumor 
with a peak incidence at 2-3 years of age. Individuals with 
horseshoe kidney have a higher risk of Wilms tumor. 





Genetics 


While a vast majority of Wilms tumors are sporadic, 
1-2% may be familial. Familial tumors occut at an earlier 
age and have a high propensity for being bilateral. The 
tumor is thought to develop in the foci of embryonal 


kidney tissue called nephrogenic rests. WTI is the best 
characterized Wilms tumor gene, with mutations of this 
gene observed in approximately 20% of Wilms tumors, 
occasionally in association with mutations in CTNNB3I 
(catenin beta 1;3p22.1) and WTX (gene on X-chromosome). 
The WT1 gene is located on chromosome 11p13 and 
encodes for a transcription factor that is critical for normal 
development of kidneys and gonads. IVT? is localized to 
a cluster of genes at 11p15. Patients with 77 mutabons 
have higher risk of recurrence and bilateral disease. 
Children with some genetic syndromes are predisposed 
to Wilms tumor. These include WAGR (Wilms tumor, 
aniridia, genitourinary abnormalities and mental 
retardation, WT1 dell1p13), Denvs-Drash syndrome 
(renal failure, mesangial sclerosis, male hermaphroditism, 
WT1 missense mutation) and Beckwith-Wiedemann 
syndrome (hemihypertrophy, macroglossia, omphalocele, 
organomegaly, WT2 dell1p15.5). Loss of heterozygosity 
of lp and/or 16q and high expression of telomerase are 
associated with poorer outcome in Wilms tumor. 


Pathology 


The histopathology may be favorable (differentiated 
blastemal, stromal and epithelial cells) or unfavorable 
(diffuse or focal anaplasia, clear cell sarcoma, rhabdoid 
tumor). Most tumors are unicentric; 11°o are mulicentric. 


Diagnosis 


Most patients present with an asymptomatic abdominal 
mass detected by their parents or phvsiqan dunng routine 
examination. Features at diagnosis include: hematuria 
(10-25%), hypertension (25%), abdominal pain (S0°s), 
fever (20%), anorexia and vomiting. Wilms tumer should 
be considered in any child with abdominal mass. Tumor 
thrombus extending into the inferior vena cava is found 
in 4-10%. Other features at presentation include anemia, 
thrombocytosis, acquired deficiency of von Willebrand 
factor and factor VII, and polycythemia. Differential 


Table 21.20: Evaluation of Wilms tumor 
Investigation Purpose 
Abdominal ultrasound Organ of origin, identify 
contralateral kidney 


Location of tumor thrombus in 
vena cava 


CT scan Localization of tumor and 
extent of spread 
Chest X-ray Pulmonary metastasis 


Bone scan, skeletal survey Bone metastasis, especially in 


clear cell sarcoma 


Brain imaging (MRI, CT scan) Brain metastasis in rhabdoid 
tumor and clear call sarcoma 


Fine needle aspiration cytology Cytological confirmation of 
tumor prior to chemotherapy 
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Table 21.21: Staging for Wilms tumor (National Wilms Tumor Study Group) 
Tumor confined to the kidney and completely resected 





Renal capsule and sinus vessels not involved beyond 2 mm 
Regional lymph nodes dissected and negative 


Stage Il 


Stage Ill 


Tumor extends beyond the kidney but is complete 
At least one of the following: (i) Penetration of ren 


Residual tumor abdomen following surgery confined to abdomen 


ly resected with negative margins and lymph nodes 
al capsule; (ii) invasion of renal sinus vessels 


Lymph nodes (renal hilum, para-aortic chain, beyond) show tumor 


Diffuse peritoneal contamination by tumor 


Implants on peritoneal surface 





Stage IV 
Stage V 


diagnosis includes neuroblastoma and other flank masses 
including hydronephrosis, multicystic kidney, and 
rarely abdominal lymphoma and retroperitoneal 
rhabdomyosarcoma. Features of associated syndromes 
may be present in 10-20%. Evaluation and staging of 
Wilms’ tumor are discussed in Tables 21.20 and 21.21. 


Treatment 


The approach to treatment differs across the world. While 
the Childrens Oncology Group recommends upfront 
resection of the tumor, the International Society of 
Pediatric Oncology (SIOP) recommends preoperative 
chemotherapy without biopsy. The outcome with both 
approaches is similar. Upfront surgery provides accurate 
diagnosis prior to starting chemotherapy while 
preoperative chemotherapy shrinks the tumors making 
surgery easier and decreasing the risk of spillage and 
rupture. Radiation has limited role in the management. 

Patients <2-year-old with tumors <550 g with favorable 
histology are at low risk and may be treated with 
nephrectomy alone followed by close observation. Chemo- 
therapy for other stages I or II patients includes vincristine 
and actinomycin for 18 weeks. Doxorubicin and 
abdominal radiation are additional therapies for stage III 
illness. Cyclophosphamide, carboplatin and etoposide are 
used for anaplasia and metastatic disease. Pulmonary 
radiation is used for pulmonary metastasis. 

Overall ~90% of children with Wilms’ tumor are long 
term survivors. Young age, low stage and low weight 
(<550 g) are favorable prognostic factors. Presence of 
anaplasia and loss of heterozygosity of 1p or 16q increase 
the risk of recurrence. Survivors of Wilms’ tumor have 
relatively few late effects. Cardiotoxicity, renal failure, 
second malignaney and pulmonary toxicity is reported in 
survivors of advanced stage disease who receive intensive 
chemotherapy and radiation. 
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Tumor extends beyond surgical margins (microscopy, gross examination) 
Tumor not completely resected because of infiltration of vital structures 
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NEUROBLASTOMA 


Neuroblastoma, derived from the neural crest, is the most 
common intra-abdominal and extracranial solid tumor in 
children, accounting for 7-8% of all cancers. This is a 
disease of early childhood with approximately 90% 
patients presenting before 5 years of age and almost 50 
within the first 2 years of life. The etiology is not known 
but familial cases occur, and there is association with 
neurofibromatosis, Hirschsprung disease, heterochromia, 
fetal hydantoin and fetal alcohol syndromes and 
Friedreich ataxia. Rearrangement or deletion of the shart 
arm of chromosome 1 is present in 80% patients. 
Neuroblastoma is one of the few cancers that may underyo 
spontaneous regression. 


The pathology varies from extremely undifferentiated 
small round blue cell tumor (neuroblastoma) to tumors 
with mature Schwannian stroma with ganglion cells 
(ganglioneuroblastoma and ganglioneuroma). The 
characteristic histopathologic feature is the Homer-Wright 
pseudorosettes which are circular groupings of dark 
tumor cells surrounding pale neurofibrils. Neuro- 
blastomas can resemble other small round blue cell tumors 
such as rhabdomyosarcoma, Ewing sarcoma and non- 
Hodgkin lymphoma, but are differentiated by 
characteristic immune histochemistry. The pathology is 
closely correlated with prognosis, and tumors that show 
better differentiation, more Schwannian stroma and low 
mitosis-karyorrhexis index have favorable outcome. 
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Genetics 


The Mye-N oncogene, encoding the N-mye proto-oncogene 
protein, is used as a biomarker for risk stratification. Myc- 
Namplification, defined as greater than or equal to 10 copies 
of Mue-N per nucleus, occurs in 20% of cases, and is is 
associated with more aggressive disease. [lyperdiploidy 
in the tumor tissue is associated wilh a favorable prognosis 
in children <2-year-old. Loss of heterozygosity of Tp, Iq, 
14 q and gain of 17q are associated with worse prognosis, 


Clinical Features 

The tumor may occur at any sile where sympathetic tisstte 
is found: Abdomen 65% (adrenal medulla 46'%, rest 19%), 
posterior mediastinum (25%), pelvis (1%), head and neck 
(3%) and others (3%). Chief systemic symptoms include 
pallor, fatigue, weight loss, abdominal clistension and pain, 
fever, irritability and bone pains. Local symploms include 
periorbital edema and eechymosis (raccoon eyes, liv. 21,8), 
proptosis, exophthalmos, squint, retinal hemorrhage and 
optic atrophy; cervical lymphadenopathy, Horner 
syndrome, supraclavicular mass, superior mediastinal 
syndrome; vertebral nerve compression causing gatt 





b 


Fig. 21.8: Neuroblastoma, (a) ‘Raccoons oya’ (lof! eyalld) In a child with metastatic disease; (b) CT abdomen showing a suprarenal 
mass suggestive of neuroblastoma 


disturbances, bowel and bladder dysfunction; abdominal 
mass, hepatomegaly; skin nodules and features of bone 
marrow involvement. Secretion of catecholamines might 
result in paroxysmal episodes of sweating, pallor, flushing, 
headache, palpitations and hypertension. The opsoclonus 
myoclonus syndrome is uncommon and characterized by 
rapid eye movements, ataxia and irregular muscle 
movements. Secretion of the vasoactive intestinal peptide 
may result in watery diarrhea and hypokalemia. Metastatic 
spread occurs via lymphatics and blood. 


Diagnosis 


The gold standard for diagnosis is by histopathology and 
immunohistochemistry. Other investigations include 
blood counts, urinary catecholamine excretion, bone 
marrow aspiration and biopsy, liver function tests, 
abdominal ultrasound, and X-ray and bone scan for 
metastasis. Nuclear scanning with I-123 or I-131 MIBG 
delects tumors and metastasis accurately. CT scan of chest, 
abdomen and pelvis is indicated to assess extent of disease 
(I'ig. 21.8b). MRI is preferred for paraspinal tumors to 
assess spinal cord compression. 


| mit Table 21.22: International neuroblastoma staging 

Stage | Localized tumor confined to the area of origin; complete excision, with or without microscopic residual disease; 
identifiable Ipsilateral and contralatoral lymph nodes negative microscopically 

Stago Il Localized tumor with Incomplote gross oxcision; identifiable ipsilateral and contralateral lymph nodes negative 
microscoplcally 

Stage IIB Localizod tumor with complote or Incomplete gross excision, with positive Ipsitateral regional lymph nodes; identifiable 
contralateral lymph nodes nogalivo microscopically 

Stage III Tumor infiltrating across tho midiino with or without regional lymph node involvement; or unilateral tumor with 
contralatoral regional lymph nodo Involvement; or midline tumor with bilateral regional lymph node involvement 

Stage IV Tumor disseminated to distant lymph nodes, bone, bone marrow, liver or other organs (except stage IV-S). 

Stage IV-§ Localized primary tumor as dofinod for stage 1 or 2 with dissemination limited to liver, skin, and/or bone marrow 


(limited to Infants loss than 1-yoar-old) 
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Table 21.23: Management of neuroblastoma 


Age, months MYCN Therapy Survival 
amplification 

Low \ Any No Surgery >90 - 
HA, IB Any No Surgery; low dose chemotherapy >80% 
IV-S <12 No Observation/chemotherapy/radiation 

Intermediate il Any No Chemotherapy | >75% 
IV <18 No Radiotherapy to tumor bed if residual 
IV-S Any No disease present + second look surgery 

High MH, Wl, IV Any Yes Multiagent chemotherapy + autologous 50% 
IV-S <12 Yes bone marrow transplant + maintenance 
IV >18 No therapy with 13-cis retinoic acid 


Quantitation of serum neuron-specific enolase and 
ferritin, amplification of Afve-N gene, tumor cell ploidy 
and age-based histologic classification are of prognostic 
value. Patients with neuroblastoma can be divided into 
those with favorable and unfavorable features. The former, 
characterized by young age (<1.5 years), favorable stage 
(I, I and IV-S) (Table 21.22), normal levels of ferritin and 
favorable histology, has a survival expectancy of 90% or 
more. Older patients with stage III or IV disease, serum 


ferritin >150 ng/mL and tumors of unfavorable histology 
have survival rates of 20% or less. 


Treatment 


Treatment modalities include chemotherapy, surgery and 
radiation therapy. Localized neuroblastoma can be treated 
by surgery alone and does not require chemotherapy 
(Table 21.23). Patients with stage IV-S just require careful 
observation. Chemotherapy is the chief of treatment for 
advanced neuroblastoma. The regimens used include 
OPEC (vincristine, cyclophosphamide, cisplatin, teniposide 
(VM-26), CADO (vincristine, cyclophosphamide, 
doxorubicin) and PECADO (vincristine, cyclophosphamide, 
doxorubicin, cisplatin, tenoposide), Other modalities 
include surgery, radiotherapy and autologous bone 
marrow transplantation. Addition of cis-retinoic acid to 
autologous stem cell transplantation has been shown to 
improve survival in patients with high risk neuro- 
blastoma. In all treatments good remissions are often 
reached, but the recurrence rate is high. 
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MALIGNANT TUMORS OF THE LIVER 


Primary tumors of the liver are rare; over two-thirds of these 
tumors are malignant. Over 80% of malignant liver tumors 
in children are hepatoblastomas.The disease usually affects 


children from infancy to 5 years of age. These may present 
as an asymptomatic abdominal mass; as disease progresses 
patients have abdominal pain, weight loss, vomiting and 
anorexia, Serum a fetoprotein (AFP) is a useful diagnostic 
marker for disease assessment during and after completion 
of therapy. Tumor thrombi may extend into hepatic veins 
and inferior vena cava. Liver may become involved due to 
metastasis from cancers which include lymphoma 
(Hodgkin and non-Hodgkin lymphoma) neuroblastoma, 
Wilms tumor and desmoplastic small cell tumor. Benign 
neoplasms of liver include mesenchymal hamartoma, 
hemangioma, hemangioendothelioma, adenoma and 
teratoma. 

Diagnostic imaging includes CT or MRI of the abdomen 
along with the CT of the chest for evaluation of metastatic 
disease. Complete resection of the tumor either by partial 
hepatectomy or by liver transplantation is critical for 
successful treatment, 

Hepatocellular carcinoma is an aggressive hepatic 
neoplasm affecting older children or adolescents. Children 
with biliary atresia, infantile cholestasis, glycogen storsze 
disease and wide array of cirrhotic diseases are 
predisposed to developing hepatocellular carcinoma. 


SOFT TISSUE SARCOMA 


Pediatric soft tissue sarcomas are a group of malignant 
tumors that originate from primitive mesenchymal tissue 
and account for 6-7% of all childhood tumers. 
Rhabdomyosarcomas account for more than half of all 
cases of soft tissue sarcoma in children. Other soft tissue 
sarcomas include fibrosarcoma, synovial sarcoma and 
malignant peripheral nerve sheath tumors. 

Soft tissue sarcomas may arise in any part of the body, 
most common by the trunk and the extremities. These 
neoplasms can present initially as an asymptomatic solid 
mass, or may be symptomatic because of local invasion to 
adjacent organs. Approximately 15-30% patients have 
metastatic disease at presentation, chiefly affecting the 
lung. Other sites for metastases include the skin, bone, 
liver, and lymph nodes. Treatment modalities include 
surgery, radiation and chemotherapy. 


Childhood Malignancies 





Rhabdomycsarcoma 


Rhabdomyosarcoma, the commonest soft tissue sarcoma 
js a malignant tumor of skeletal muscle. Almost halt of 
these cases are diagnosed by 5 years of age and two-thirds 
bv 10 years. . 

The chiet sites are the head and neck (commonest), the 
genitourinary tract and the extremities. Orbital 
rhabdomyosarcoma Presents in young children with 
proptosis or swelling of the evelid. Genitourinary tumors 
may present as a pelvic mass, bladder and prostate 
enlargement or polypoid mass in the Vagina. Almost one- 
fourth patients present with metastasis at diagnosis, 
commonly in lungs, bone marrow and bone. The major 
tustologic types are: (i) Embrvonal (60°), seen with tumors 
ot head, neck and genitourinary tract, and has favorable 
prognosis; (ii) alveolar (20°) that is more common in older 
children, at the extremities and perineal region and has 
unfavorable outcome. 

Rhabdomyosarcoma is curable in most children with 
localized disease who receive combined therapy with 
medications, radiotherapy and surgery, with more than 
/0°s Surviving 5 vears after the diagnosis. Chemo- 
therapeutic drugs include vincristine, actinomycin, 
cyclophosphamide and doxorubicin. 


BONE TUMORS 


Osteogenic sarcoma and Ewing sarcoma are two major 
bone tumors in children and adolescents. Both tumors 
occur commonly during the second decade of life and 


show male predominance. 


Osteogenic Sarcoma 


Its peak incidence is during adolescence, correlating with 
rapid bone growth. The distal femur and proximal tibia 
are the most frequent sites followed by proximal 
humerus and middle and proximal femur. Flat bones, 
@.g. vertebrae, pelvic bones and mandible are rarely 
affected. Patients present with a localized painful 
swelling that may be attributed to traumatic or infective 
conditions, delaying the diagnosis by months. Metastasis 
Occurs early to the lungs and other bones. Germline 
Mutations of tumor suppressor genes, including the 
retinoblastoma (RB1) gene are associated with increased 
incidence. Li-Fraumeni syndrome, associated with 
germline mutations of the tumor suppressor p93 gene, 
s characterized by increased incidence of breast cancer, 
Soft tissue sarcoma, osteosarcoma, adrenocortical 
Carcinoma and leukemia in first degree relatives. High 
dose radiation therapy, such as that for Ewing sarcoma 
or brain tumors, predisposes to development of 
°Steosarcoma, either in or at sites distant from the 
radiation field. Benign bone lesions such as Paget disease, 
Multiple hereditary exostoses, fibrous dysplasia and 

dromatosis may occasionally undergo malignant 

formation to osteosarcoma. 7 


Osteosarcoma is characterized by highly malignant 
pleomorphic spindle cells with malignant osteoid 
formation. Radiographic examination shows sclerotic or 
lytic bone lesions and periosteal new bone formation over 
the metaphyseal region. Biopsy is done to confirm the 
diagnosis. Imaging studies include CT chest and 
radionuclide bone scan to rule out metastasis; MRI 
provides an accurate assessment of tumor extent. 

Successful treatment requires complete surgical resection 
followed by multiagent chemotherapy. Limb sparing 
surgery by wide resection of the primary tumor is followed 
by replacement of missing bone by prosthesis. Chemo- 
therapeutic agents include doxorubicin, cisplatin, 
ifosfamide, cyclophosphamide and high dose methotrexate. 
The tumor is unresponsive to radiotherapy. With current 
regimens, more than two-thirds of patients without 


metastasis are cured. 


Ewing Sarcoma 


Ewing sarcoma occurs most often in the second decade, 
but can occur below the age of 10 years. They most often 
arise from flat bones such as pelvis, chest wall and 
vertebrae and the diaphyseal region of long bones. 
Common sites of metastasis are lungs and other bones; 
bone marrow metastasis is not uncommon. The typical 
presentation is with pain, swelling or a limp, often 
associated with fever and weight loss. Osteomyelitis and 
Langerhans cell histiocytosis particularly eosinophilic 
granuloma are the chief differential diagnosis (Fig. 21.9). 
Plain radiographs show destructive lesions of the 





ee 
Fig. 21.9: Ewing sarcoma. Radiograph showing permeative lytic 
lesion with a prominent soft-tissue mass extending from the 
bone. Perlosteal reaction Is seen. The onlon-skin (sunburst 
Pattern) indicates an aggressive process suggesting Ewing 
sarcoma 











ae «: | 





diaphysis with multilayered or lamellated (onion skin) 
periosteal reaction. 

Biopsy is necessary for confirmation, which shows 
monotonous population of small round blue cells that is 
differentiated from other round cell tumors by 
immunohistochemistry. Ewing sarcoma shows strong 
expression of surface glycoprotein CD99 and vimentin; 
reciprocal chromosomal translocation t(11;22)(q24;q12) is 
pathognomonic and present in 85% cases. Chest CT, bone 
scan and bone marrow biopsy are performed to evaluate 
for metastasis. 

These tumors are very well responsive to both 
chemotherapy and radiotherapy. Local surgery is an 
effective way to treat Ewing sarcoma, however surgical 
amputation is rarely indicated. Tumor control with 
radiotherapy requires moderately high doses ranging 
from 5500 to 6000 cGy. Multiagent combination 
chemotherapy includes vincristine, dactinomycin, 
cyclophosphamide and doxorubicin. In localized disease, 
without metastasis the cure rate is nearly 60% while in 
metastatic disease it is less than 30%. 


BRAIN TUMORS 


Tumors of the central nervous system (CNS) (brain, spinal 
cord) are the second most common neoplasms, accounting 
for 25% of all childhood cancers. Common brain tumors 
include low grade and high grade astrocytomas, medullo- 
blastomas and ependydomas. Pediatric astrocytomas 
comprise a heterogenous group of tumors including 
juvenile pilocytic astrocytomas (JPAs), low grade diffuse 
astrocytomas, gangliogliomas, oligodendrogliomas and 
mixed oligoastrocytomas. Medulloblastomas are 
malignant, tumors of cerebellum with over 70% of tumors 
occurring in children less than 16 years. Ependymomas are 
generally slow growing well circumscribed tumors that 
arise predominantly infratentorially in children with a peak 
incidence of 6 years of age. 

The vast majority of pediatric CNS tumors is sporadic, 
with no known cause. Exposure of CNS to significant 
doses of radiation and presence of certain genetic 
syndromes (Table 21.24) increase the risk. Meningiomas 
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Fig. 21.10: Glioma of cerebellum with obstructive hydrocephalus 
In a 6-year-old boy with history of headache, vomiting and 
seizures for 6 months 


and malignant gliomas arise within the radiation field 
several years or decades after radiation therapy. Children 
who have received cranial or craniospinal radiation for 
treatment of ALL are at risk. Approximately 15% patients 
with neurofibromatosis (NF1) develop optic gliomas 
during their lifetime; these usually have a benign course 
and may even regress spontaneously. 


Clinical Features 


symptoms from Ralsed Intracranial Pressure (ICP) 


Infratentorial tumors are more common than 
supratentorial tumors in children and hence more likely 
to develop acute or chronic hydrocephalus (Fig. 21.10). 
Recurrent headaches that are worse at night or early 
morning and worsen with lying down, early morning 


Table 21.24: Genetic disorders associated with brain tumors 


Disorder Tumor 
Neurofibromatosis type 1 
Neurofibromatosis type 2 
Li-Fraumeni syndrome 
Bilateral retinoblastoma 
Tuberous sclerosis 


Optic glioma 


Choroid plexus carcinoma 
malignant glioma 


Hemangioblastoma 
Medulloblastoma 


Von HipplelLindau disease 
Gorfin syndrome 
Turcot syndrome 


Acoustic neuromas, schwannoma 


Pineal tumor: Trilateral retinoblastoma 
Subependymal cell astrocytoma, 


Medulloblastoma, malignant glioma 


Other features 
Autosomal dominant 
Peripheral nerve sheath tumors, cardiac sarcoma 


Sarcoma, adrenocortical cancer, breast cancer 
Sarcoma 


Autosomal dominant 


Renal, adrenal and pancreatic tumors 


Very sensitive to radiation, basal cell carcinoma 
Adenomatous polyps in colon 
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vomiting, Vision loss or features of VE nerve palsy anc 
‘sunset sig indicate raised ICP. Acute Increase In ICP 
may present with Cushing triad of byportenaion, 
bradycardia and altered pattern of respiration, 


Smofoms TOM Compression or Intitiration 


Headache can occur from dipeet compresslon of skull and 
meninges. Vomiting may be due to raised ICP but may 
occur due to direct infiltration of the vontlng centers at 
the base of fourth ventricle. Head tilt may oecur as 
correction for diplopia arising trom cranial nerve palsy, 
The diencephalic syndrome comprising of emaclation, 
euphoria and emesis is associated with tumors In the 
diencephalon, Parinaud syndrome of supranuclear 
vertical gaze palsy, with pupils that are reactive to 
accommodation but not to light is seen with tumors of 
the pineal region or upper brainstem, 

Frontal lobe tumors may present with personality 
changes, seizures and headaches; tumors in the temporal 
lobe cause seizures and change in speech, Suprasellar 
tumors may be associated with endocrinopathies and 
visual changes. Multiple cranial nerve deficits are the 
classic presentation of brainstem gliomas, while 
nystagmus, ataxia and vomiting are present with 
cerebellar tumors. Spinal tumors may cause back pain, 
scoliosis, numbness, weakness and impaired bladder or 
bowel function. 


Diagnosis 


MRI, with and without contrast, is the imaging study of 
choice. CT scan is necessary in an acute presentation, 
where diagnosis is required urgently. While the distinction 
between benign and malignant tumors is critical, location 
of the tumor is an important determinant of prognosis. A 
benign tumor in an unresectable location may have as poor 
an outcome as a malignant tumor ina surgically accessible 
area of the brain. Patient age also determines the type of 
treatment and hence impacts the prognosis. Histological 
diagnosis is challenging and often requires use of special 
Stains, inmunohistochemistry and molecular testing, 


Treatment 


Treatment requires a multidisciplinary approach, with 
adequate use of surgery, chemotherapy and radiation. 
Complete surgical resection without damaging critical 
Structures is the goal, but may be difficult to achieve 
depending on location of the tumor. Some patients need 
urgent surgical intervention to relieve raised intracranial 
Pressure. With modern radiation therapy including 
intensity modulated radiation therapy and proton beam 
irradiation, exposure to normal tissue can be significantly 
reduced. Chemotherapy may be used concurrently with 
radiation therapy, including asa radiation sensitizer. Often 
high dose chemotherapy with autologous stem cell rescue 
'S used for optimum treatment results. The efficacy of anti- 
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| Table 21.25; Classification of histlocyte disorders 
Dendritic cell Langerhans cell histiocytosis 
disordora Secondary dendritic cell processes 
Juvenile xanthogranuloma 

Solitary histlocytoma with dendritic 
phenotype 

Hemophagocytosis syndromes 
(primary and secondary) 
Rosal-Dorfman disease 

Solitary histiocytoma with macro- 
phage phenotype 

Monocyte related leukemias 
Extramedullary monocytic tumors 
Dendritic cell/macrophage-related 
histiocytic sarcoma 


Macrophago-related 
disorders 


Malignant histlocyte 
disorders 


angiogenic therapy (bevacizumab),vascular endothelial 
growth factor (VEGF), in combination with chemotherapy 
is promising for management of high grade gliomas. 
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HISTIOCYTOSES 





The childhood histiocytoses are a rare and diverse group 
of proliferative disorders characterized by infiltration and 


accumulation of histiocytes within various tissues 
(Table 21.25). 


Table 21,26: Features of Langerhans cell histiocytosis 


Non-specific Fever, lethargy weight loss, diarrhea 
symptoms 


Bone lytic lesions Unifocal or multifocal 


Common sites: Skull, long bones, flat 
bones 


Scaly erythematous lesions and red 
papules commonest on scalp 


Enlargement in 50% 
Diabetes insipidus 


Skin, soft tissue 


Lymph nodes 
Endocrine (hypo- 
thalamopituitary axis) 


Lungs Asymptomatic; cough, respiratory 
distress, shortness of breath 
Radiologic features 

Spleen Enlarged In 30% 

Liver Enlarged in 20%; jaundice: sclerosing 


cholangitis 


Anemia, petechial rash, superadded 
Infections, pancytopenia 


Bone marrow 


|os 
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Fig. 21.11: Langerhans cell histlocytosis, (a) Radiograph of skull showing tile lesloris; (by) Ihe sob-ahied, Win sins Gnd ourdcs 


Langerhans Cell Histlocytosis (LCH) 


LCH is a rare non-malignant disease with unknown 
etiology characterized by a clonal proliferation of 
pathologic cells with the characteristics of Langerhans 
cells in single/multiple sites and an unpredictable 
course. The clinical presentation is heterogeneous 
ranging from single system involvement to a 
multisystem life threatening disease (Table 21,26), The 
hallmark of LCHI is the presence of Birbeck yranules 
(BG) on electron microscopy and positivity for 5-100 
protein and CD1a positivity. The number of Langerhans 
cells with BG can vary in different lesions, Langerin 
(CD207) is a type JI transmembrane protein associated 
with BG and is presumed to be more sensitive and 
specific than CD1la. 

The spectrum of LCH (eosinophilic granuloma, |fand- 
Schuller-Christain disease, Letterer-Siwe disease) reflects 
varying extents of the disease, The course of disease is 
unpredictable, varying from rapid progression and death, 
to repeated recurrence and recrudescence with chronic 
sequelae, to spontaneous regression and resolution, 
Patients with disease that is localized (skin or bone) have 
a good prognosis and are felt to need minimum or even 
no treatment. In contrast, multiple organ involvement, 
particularly in young children (under 2-year-old), carries 
relatively poor prognosis. 

The most common involvement is of the skeleton 
(80%). Bone lesions can be single or multiple affecting 
skull bones, long bones, vertebrae, mastoid and 
mandible. The lesions may be painless or present with 
pain and local swelling; X-rays show sharp lytic lesions 
(Fig. 21.11a). Clinical manifestation includes vertebral 
collapse and spinal compression, pathological fractures 

in long bones, chronic draining ears and early eruption 


of teeth, Other manifestations include seborrheic skin 
rash (Vig, 2I.00b) in sealp area and back (69%), 
lymphadenopathy ($3'%), hepatusplenomeyaly (20%) 
lachypnea, air leaks, parenchyrnial lary infiltrates (19%), 
jaundice, abdominal distension, neurodegenerative 
symptom and features of malabsorption. Pituitary 
dysfunction may result in yrowth retardation and 
diabeten insipidus, Severe disease is characterized by 
fever, weight loss, malaine, failure to thrive and liver 
dysfunction. Liver involvernent may result in sclerosing 
cholangitis and cirrhovis, Bone marrow involvement may 
lead to anemia and thrombocytopenia. 


Diagnosls 


The classical histopathologic feature of LCH is the 
presence of lesional histiocytes of LC phenotype, vith 
varying, proportion of macrophayes, T lymphocytes, 
eosinophils and multinucleated giant cells, The cells show 
positivity to 5-100, CD 1a, and Jangerin (CD 207); BG are 
seen on clectron microscopy. Diagnostic work up should 
include biopsy from most appropriate site, complete blood 
count, liver function tests, coagulation studies, skeletal 
burvey, chest X-ray and urine specific gravity, These 
include ultrasound abdomen, CT chest and or abdomen 
and M&I brain. Bone marrow biopsies are required to 
exclude infiltration. 

Treatment for localized disease or single bony lesion 
varies from observation, curettage, indomethacin, 
bisphosphonates, low dose radiation to systemic 
chemotherapy. Multisystem disease is treated with 
chemotherapy, combining, vinblastine, prednisone and 
6-mercaptopurine. Childhood LCH may have long-term 
sequelae some of which occur many years after completion 


of treatment. 


Childhood Malignancies 6d" mz 


a Table 21.27: Diagnostic criteria for HLH : attributed to defects in functlon of pale aS biMerr anv 
HLH diagnosis established, if one of the two Is fulfilled cytotoxic cells, leading to pathological activation AT catty 


olecular diagnosis of H and macrophages and production of prouplawminaary 
Am g LH (e.g. PERF, SAP, MUNC mutations) cytokines (interferon yaining, tumor mero fas tin alphia 





OR , 
and interleukins), Youny children with HEN and brervn 
5 of the following 8 Criteria are fulfilled gene mutations, ie A family hhintery of siiss are heres rind 
pane as having, primary HILAL, Older children vith SLIT of 
“ Splenomensly children without identifiable mutations are dev ribed to 
« Cytopenias in at least two cell lines have secondary or acquired JILIN, secondary MLSE to 
Homegicdin <29 g/t infection or other stimuli (e.g, juvenile rueumateid arthritis, 
Platelets <100 x 10°%/L SLE), Diagnostic criteria of HLH ts shown in Vable 21,27, 
Neutrophils <1 x 10°/L ij 
¢ Hypertriglyceridemia and/or hypofibrinogenemla ONCOLOGIC EMERGENCIES . 
ae inglycenides >3 mmol/L (>265 mg/dL) Oncologic emergencies may present at diaysuria A the 
Pernoge ae malignancy, during course of the disease: of a9 a Coneecquerice 
* Hemophagocytosis in bone marrow, spleen or lymph nodes —of therapy. A solid tumor may invade or compress vital 
¢ Low or absent activity of natural killer cells organs like trachea, esophayus of superior vena cava, 
¢ Ferritin >500 pg/L Effusions into the pleural space of pericardium may 


¢ Soluble cD25 (soluble interleukin-2 receptor) >2400 units /mL compromise functions of Jung and heart. Mitastaris into the 
brain may Jead to cerebral edema and features of rained 


HEMOPHAGOCYTIC LYMPHOHISTIOCYTOSES (HLH) intracranial tension, Spinal cord tumurinvolyvermsait may leach 
eee — Oo to cord compression, Bone marrow involvernsent results i 
HLH is an aggressive and potentially fatalsyndromewhich — anemia, bleeding due to thrombocytopenia or coagulation 
results from an inappropriate prolonged activation of abnormalities (disease/chemotherapy), Ieubkostasis, 
lymphocytes and macrophages (Table 21.27). HLH is — thrombosis, cerebrovascular epinodes and infections. 


pa * Table 21.28: Common oncologic emergencies: Clinical features and treatment 
Emergency Manifestation lliness Treatment 
Tumor lysis Hyperkalemia (arrhythmia), hyperuricemia, hyperphos- ALL, AML, Hydration, allopurinc, 
syndrome phatemia, hypocalcemic tetany, metastatic calcification, NHL Burkitt rasburicase, hemochatysis 
renal failure lymphoma 
Hyperleukocytosis Thrombosis, stroke, pulmonary infiltrate, hypoxia Leukemia Hydration, hydroxyurea 
WBC >10°/mm*% Leukopheresis, chemotherapy 
Superior vena Swelling of face and neck; proptosis; difficulty In lying = NHL, ALL, Prompt tissue diagnosis 
cava/mediastinal flat, breathing and swallowing; hoarse voice, Horner germ cell Steroids: first tne A managemert 
syndrome syndrome, wheezing, effusion (pleural/pericardial), tumor Chemotherapy, radiavon 
features of CO, retention (anxiety, confusion, lethargy, (rarely used in children) 
headache, syncope) Intravenous lines in lower limb 
Monitor for tumor tysis 
Spinal cord Paraplegia, back pain, urinary retention, back pain, loss Neuroblastoma Prompt therapy with dexsa- 
compression of deep tendon reflexes, hypotonia Ewing sarcoma _ thasone 
Lymphoma of Sugary occasionally required 


vertebral body Definitive therapy of tumor 


Increased intra- Headache, emesis, hypertension, bradycardia, II] and Medulloblastoma Dexamethasone, surgcal 


cranial pressure VI nerve palsy, seizures Astrocytoma Intervention, anticorvulsants 
Brainstem glioma 
Febrile neutropenia Oral or axillary temperature >38.3°C (101°F), or two Child with Therapy with antibiotic(s) and 
consecutive temperature >38°C (100°F) in 12 hours malignancy on _— antifungal medications after 
period lasting at least 1 hour chemotherapy 3 days ol fever 


Neutropenia: Absolute neutrophil count <500/mm? 
or <1000/mm? with expected decline sepsis, shock, 
pneumonia, typhiitis (inflamed cecum), DIC 

Vyehiitis Fever, neutropenia, acute abdominal palin, may Acute leukemia Supportive care, IV antibiotics 
progress to bowel infarction solid tumors consider G-CSF 








Hormonal problems can occur because of paraneoplastic 
secretions (Table 21.28). Metabolic complications may occur 
prior to/at onset of chemotherapy following lysis of tumor 
cells. Therapy related complications include myocardial 
dysfunction (anthracyclines), extravasation of drugs 
(anthracyclines, vinca alkaloids), hemorrhagic cystitis 
(cyclophosphamide), cerebrovascular accidents (methotrexate, 
l-asparaginase) and pancreatitis (l-asparaginase, 
corticosteroids). Early diagnosis and urgent management of 
these conditions will save lives and allow for treatment of 
the underlying malignancy. 


Suggested Reading 
¢ Seth R, Bhat AS. Management of common oncologic emergencies. 
Indian J Pediatr 2011; 78(6):709-17. 
e Seth R, Singh P, Puri K, Arora A, Rathore AS. Morbidity profile 
and outcome of hyperleukocytosis in childhood acute leukemia: 
experience froma tertiary center. Int J Hematol Res. 2015; 26:90-4. 


LATE EFFECTS AND SURVIVORSHIP 


With refinements in diagnostics and advances in 
therapeutics and supportive care the overall survival of 
childhood malignancy has increased significantly over the 
past few decades. Over 80% children and adolescents with 
cancer survive 5 or more years from diagnosis in many 
centers and are effectively cured of the disease. This is 
however at the cost of increased morbidity in the form of 
various late effects of cancer treatment. It is estimated that 
a third to half of childhood cancer survivors will 
experience a late term effect of cancer therapy; of which 
up to half may be life threatening. 

The main goals of the Cancer Survivorship Program are 
to improve the health and well-being of childhood cancer 
survivors by promoting adherence to a schedule of follow- 
up appointments and routine screening tests, educate 
patients, parents and healthcare professionals about the 


oe ae ee 


Domain 
Linear growth 


Specific effect 
Delayed/accelerated growth 
Short stature; growth failure 
Delayed puberty; hypogonadism 
Precocious puberty 


Sexual maturation 


Musculoskeletal 
development 


Hypoplasia, fibrosis 
Uneven/reduced skeletal growth 


Predisposing therapy 
Radiation of hypothalamic- 
pituitary axis 


Alkylating agents; radiation of 
hypothalamic-pituitary axis 


Radiation impacting bones 
and soft tissues 
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long-term effects of cancer treatment, integrate them 
appropriately into society, provide referrals to specialists 
as needed, offer psychological counseling and transition of 
patients to adult care when ready. The term long-term 
survivor refers to patients who are disease free for a 
minimum period of 5 years. 92% children who were disease 
free up to 5 years, were alive at 15 years after diagnosis. 


Late Effects Associated with Childhood Cancer 


The common late effects of pediatric cancer comprise 
deficits in growth and development, organ function, 
reproductive capacity and health of offspring and 
development of subsequent neoplasms. 

i. Growth and development: The components affected 
include linear growth, sexual maturation, 
musculoskeletal development, skeletal maturation, 
intellectual function, emotional and social 
maturation (Table 21.29). 

ii. Organ function: Exposure to higher cumulative 
chemotherapy and radiation doses required for more 
biologically aggressive refractory disease increases 
the risk of both vital and nonvital organs toxicity. 
These include anthracycline related cardiotoxicity, 
pulmonary function abnormalities and, chronic liver 
disease. 


_—s 


iil. Reproductive capacity and pregnancy outcomes: 
Reproductive functioning may be affected by various 
anticancer modalities (surgery, chemotherapy and 
radiation). Alkylating chemotherapy is toxic to the 
gonads. They produce a dose related gonadal germ 
cell injury. In boys, alkylators damage germ cells 
leading to infertility. Compared to boys, girls 
maintain an ovarian function at higher cumulative 
doses of alkylating agents and if dysfunction occurs 
it is often reversible. 


Table 21.29: Late effects of pediatric cancer therapy on growth and development 


Modifying host factors 
Younger age poses higher risk 


Boys at higher risk for gonadal injury 


Girls at higher risk for precocious 
puberty 


Younger age at irradiation 


Skeletal maturation | Osteopenia Corticosteroids Younger age at irradiation 
Osteoporosis Methotrexate 
Osteonecrosis Radiation >40 Gy; corticosteroids Older age (>10 yr) 


Intellectual function | Neurocognitive deficits; reduced 


lQ; behavioral problems 

Mental health disorders 
Educational problems 

Vocational issues; unemployment 
Psychosocial issues 


Emotional and social 
maturation 


High dose methotrexate, 
cytarabine, cranial irradiation 


Any cancer experience 


Younger age at irradiation 


Girls and CNS tumor survivors at 
increased risk 
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BARNS irra reduced in a dose dependent 
JARRE esses ae : - eee Reversible azoospermia 
dtases (>3 Gy), Pra td aad a lye at higher 
poner ass font Sy status does not protect 
radiation also contrib Sie ar tbed she 

utes to germ cell depletion in 
girls. Ovaries of younger girls are more resistant to 
radiation damage as compared to ovaries of older 
women. Radiation doses >20 Gy cause irreversible 
ovarian failure and doses between 20 and 30 Gy 
delay pubertal development. 

iv. Second malignant neoplasm (SMN): Pediatric cancer 
survivors are at an increased risk for development 
of second cancers; host factors (genetics, immune 
function, and hormonal status), primary cancer 
therapy, environmental exposure and lifestyle 
factors play a role in the occurrence of secondary 
neoplasms. Common malignancies that occur as 
second neoplasms include acute myeloid leukemia 
(AML) including myelodysplastic syndrome and 
solid tumors. Secondary AML commonly develops 
in association with use of alkylating agents or 
topoisomerase II inhibitor therapy. Radiation 
therapy is also implicated in the occurrence of SMNs 
like acute leukemia and solid tumors involving the 
breast, thyroid, CNS, bones, and soft tissues. The 
latency for occurrence of SMN varies from 2-3 years 
to as long as 10 years. Breast cancer is the most 
frequently reported secondary solid tumor in 
childhood cancer survivors with incidence varying 
from 10 to 20% by 20 years from radiation. 


BONE MARROW TRANSPLANTATION (BMT) 


BMT is the established therapy for congenital or acquired 
disorders of the hematopoietic system and hematologic 
malignancies. 


Allogenic hematopoietic stem cell transplantation (HSCT) 
occurs between a donor and a recipient who are 
immunologically identical. It can lead to graft vs host 
disease (GVHD), where immune cells from the donor react 
against antigens on host cells and graft rejection where 
immune competent host cells destroy donor stem cells 
before the graft is established. The risk of relapse of 
Malignant disease is lower following allogenic HSCT 
because of immune effects of the graft on malignant cells. 


Autologous HSCT involves the removal and storage of 
patient's own stem cells, which subsequent re-infusion 
following high dose myeloablative therapy. Higher doses 
of myeloablative chemotherapy can be administered than 
is otherwise possible. There is no risk of graft rejection or 
GvHD. This approach was initially restricted to solid 
tumors (neuroblastoma, germ cell tumors, retinoblastoma, 
medulloblastoma) where bone marrow was free of disease, 
but is now being used for hematological malignancies and 
lymphomas. 


Peripheral HSCT: CD34 positive cells are mobilized from 
marrow into circulation in sufficient numbers for clinical 
use by use of recombinant human hematopoietic growth 
factors. These cells can establish durable marrow 
engraftment. 


Umbilical cord transplantation: Cord blood banks are 
another source of stem cells. The graft composition and 
biological properties of umbilical cord stem cells are 
different from adults. Cord blood transplantation is 
associated with enhanced engraftment and reduced 
incidence of GVHD. 


Uses of BMT 


Allogenic BMT is indicated in all patients of acute myeloid 
leukemia after the first remession, except these with 
favorable cytogentics and good risk group which includes 
acute promyelocytic leukemia with translocation t(15;17), 
t (8;21) and inversion (16) or low levels of minimal residual 
disease. 

BMT is indicated in patients with acute lymphoblastic 
leukemia during their first remission and a risk factor 
including hypodiploidy, t(4;11) biophenotypic leukemia 
and high minimal residual disease after induction. 
Transplantation is also indicated after second and 
subsegent remissions. 

BMT may also be considered for various non-malignant 
disorders, e.g. severe combined immunodeficiency, 
Wiskott-Aldrich syndrome, severe aplastic anemia and 
storage disorders. 


Suggested Reading 


® Guilcher GMT. Hematopoietic stem cell transplantation in children 
and adolescents. Pediatr Rev 2016;37:133-44. 
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Rheumatological Disorders 


ARTHRITIS 
Approach to Diagnosis 


Arthritis is a common complaint in children. It is said to 
be present if there is swelling or effusion in a joint or if 
there are any two of the following 4 features: (i) Limitation 
of range of motion, (ii) pain, (iii) tenderness and 
(iv) increased heat. It can be secondary to an underlying, 
illness (infectious or noninfectious), or may be a primary 
disease in itself. Clinical assessment based on a good 
history and physical examination provides more 
diagnostic clues than indiscriminate laboratory 
tests. A convenient way to classify arthritis is based 
on the duration of illness at presentation (Table 22.1). 


Cr 


"Table 22.1: Classification of arthritis 7} 
Acute arthritis (usually <2 weeks) 

Acute rheumatic fever 

Transient (‘toxic’) synovitis 

Kawasaki disease, Henoch-Sch6nlein purpura 

Septic arthritis (S. aureus, H. influenzae, N. meningitidis) 


Subacute arthritis (2-6 weeks) 


Reactive arthritis 


Systemic lupus erythematosus, dermatomyositis or polyarteritis 
nodosa 


Associated with leukemia or neuroblastoma 
Associated with Lyme disease or brucellosis 
Sickle cell disease 

Associated with hypogammaglobulinemia 


Chronic arthritis (>6 weeks) 


Juvenile idiopathic arthritis 
Ankylosing spondylitis 
Tubercular arthritis 
Legg-Calvé-Perthes disease 
Psoriasis 
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Iransiont Synovitis 


This ig. a common condition in young children and is 
characterized by sudden onset of pain in hips, thighs or 
knees following an upper respiratory catarrh. It is a self- 
limiting disorder, lasts only 2-4 days and must not be 
confused with septic arthritis or acute osteomyelitis. Skin 
traction and judicious use of nonsteroidal anti- 
inflammatory drugs (NSAIDs) brings prompt relief. 


Septic Arthritis 


This is usually seen in neonates and infants. It presents 
almost always as a monoarthritis and is accompanied by 
fever, tenderness and limitation of joint movement. Causes 
include gram-negative bacilli, group B streptococci (in 
neonates), Haemophilus influenzae type B and Streptoccccus 
pneumoniae in infants, and Staphylococcus aureus in «!der 
children, Ultrasonography, magnetic resonance im-<:ting 
and radionuclide scans provide useful clues t:. the 
diagnosis. A diagnostic arthrocentesis is necessary to 
confirm the diagnosis (Table 22.2). Appropriate onti- 
microbials, aspiration and, in some cases ( e.g. the hip‘ nt), 
open drainage are required for treatment. 


Jubercular Arthritis 


This has become less common in our experience, |! can 
result from actual infection with M ycobacterium tuberc.:losis 
or from an allergic phenomenon (Poncet disease ). The 
former usually presents as mono-arthritis (e.g. hip or ankle 
joint) while the latter presents as polyarthritis with 4 


strongly positive tuberculin reaction. Arthr is may 
be diagnostic (Table 22.2). ocentesis may 


Reactive Arthrifls 


This is not as common in children as in adults. It 5 | 
diagnosed on the basis of Berlin criterja- (i) periphe 
arthritis, usually lower limb, asymmetric oligoarthritis | 
(ii) evidence of preceding gastrointestinal or genitourina | 
infection (usually by Shigella, Chlamydia or Yersinia), © 
absence of clinical symptoms and (iii) exclusion of othe 
arthritides. 
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Table 22.2: Synovial fluid characteristics in childhood arthritides | 


Type of arthritis Physical characteristics 
Turbid: 


Serosanguineous 


Cytology 
Septic arthritis 


Polymorphonuclear cells 
present; Gram stain 
may be positive 


Comments 


Synovial fiuid culture may be 
positive; synovial fluid, f 
inoculated in bicod cuture 
bottles, increases the yield 


Biochemistry 


Glucose reduced; 
protein elevated 


Us ees Opaque Lymphocytes present: Glucose may be Polymerase chain reaction may 
arthritis stain for acid fast normal; protein be positive 

bacilli may be positive elevated 
Juvenile Cloudy Polymorphonuclear Glucose low; Fluid characteristics often 
inflammatory cells present; protein elevated mimic those of septic arthritis 
arthritis Gram stain negative 
Systemic lupus Clear Lymphocytes present; Protein normal or Synovial fluid complement C3 
erythematosus LE cell phenomenon elevated; glucose may be low 


may be positive 


A small proportion of children with acute lymphocytic 
leukemia show bone and joint pains. Bone pain, that is 
more marked at night, is the predominant complaint in 
affected children. Hemogram shows lymphocytic 
predominance and thrombocytopenia, in contrast to a 
polymorphonuclear predominance and thrombocytosis 
characteristic of juvenile idiopathic arthritis. A bone 
marrow examination is required to confirm the diagnosis. 
X-linked agammaglobulinemia (Bruton disease) may 
sometimes present as an unusual ‘aseptic’arthritis (due 
to Mycoplasma infection), but accompanying respiratory 
infection is usually present. 

Arthritis can, at times, be the presenting complaint of 
hemophilia or human immunodeficiency virus infection. 


Legg-Calvé-Perthes Disease 

This is characterized by an avascular necrosis of the 
femoral head, occurring usually in boys 5-10 years of age. 
It may be a manifestation of an underlying hyper- 
coagulable state (hypofibrinolysis or deficiency of protein 
CorS), Familial occurrence is commmon and the condition 
is bilateral in 10% patients. Affected children present with 
a painful limp. Initial X-rays may be normal. Isotope bone 
scans and magnetic resonance imaging are required to 
confirm the diagnosis. Subsequent X-rays show a 
characteristic sequential progression: (i) Widening of joint 
Space, (ii) fragmentation of epiphysis with patchy areas 
of increased lucency or density, (iii) abnormalities of shape 
of femoral head and neck, and (iv) deformed head. 
Treatment options include femoral varus osteotomies or 


containment splints. 


Juvenile Idiopathle Arthritis 

The term juvenile idiopathic arthritis (JIA) was proposed 
by the Pediatric Standing Committee of the International 
League of Associations for Rheumatology (ILAR). It refers 
to a group of conditions characterized by chronic 
inflammatory changes of the joints. It is defined as arthritis 


may be normal 


of one or more joints with onset below 16 years of age and 
persisting for at least 6 weeks. It has the following subtypes: 
i. Systemic 

ii. Oligoarthritis: (a) persistent (b) or extended 

iii. Polyarthritis: Rheumatoid factor negative 

iv. Polyarthritis: Rheumatoid factor positive 

v. Psoriatic arthritis 

vi. Enthesitis-related arthritis 

vii. Undifferentiated arthritis: that (a) fits no other 
category; or (b) fits more than one category 

JIA is not rare; its estimated prevalence ranges from 
0.4 to 1.3 per 1000 children below 16 years of age. It is the 
commonest rheumatological disorder of childhood and 
one of the most common causes of disability, chronic 
morbidity and school absenteeism. While Western studies 
suggest that JIA is more common in girls, in India, female 
predominance is not marked. 

Systemic JIA (sJIA) is now considered to be a separate 
disease altogether. It is classified as an auto-inflammatory 
disorder in which the innate immune system is primarily 
affected unlike other types of JLA which represent defects 
of acquired immunity. The ILAR definition for sJIA 
requires that fever be present for at least 2 weeks and 
should be accompanied by one or more of the following: 
Evanescent rash, generalized lymphadenopathy, hepato- 
splenomegaly or serositis. 


Eflology 
The immune system is intimately involved in the evolution 
of JIA. HLA DR5 and DR8 are linked to early onset 
oligoarthritis (seen more often in girls), B27 to late onset 
oligoarthritis (seen more commonly in boys) and DR4, 
Dw4 and DR1 to rheumatoid factor positive polyarthritis. 
JIA is not a homogeneous disease and the different 
subtypes may represent separate clinical conditions. 
The etiopathogenesis of JIA remains an enigma. Several 
environmental triggers (e.g. infection with rubella virus, 
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parvovirus B19, M. tuberculosis, Mycoplasma pneumoniae 
and enteric organisms, physical trauma or psychological 
stress) are linked to the onset of JIA, but their exact role is 
not clear, Cytokines like tumor necrosis factor-a (TNF-a), 
IL-6 and IL-1 have to have an important role to play in 
the pathogenesis of the disease. A number of auto- 
antibodies (for instance, antinuclear antibody) may be seen 
in the sera of children with JIA. The classical IgM 
rheumatoid factor is almost never detectable in preschool 
children with JIA. Older girls with polyarticular small joint 
disease of the hands (especially involving the 
metacarpophalangeal and proximal interphalangeal 
joints) may, however, be RF positive. 


Clinical Subtypes 


Three major types of onset are described according to the 
presentation during the first 6 months of disease, namely 
systemic JIA (with fever and rash), oligoarthritis (4 or 
fewer joints involved) and polyarthritis (more than 4 joints 
involved). 


Systemic JIA (sJIA): About 5-15% of patients with JIA may 
have acute onset disease with prominent systemic 
features. These systemic features may sometimes precede 
joint manifestations by weeks or months. This condition 
should, therefore, be considered in differential diagnosis 
of any child with prolonged fever. The illness can occur 
at any age and is more common in boys. 





It usually begins as an intermittent fever with a 
characteristic twice daily peak. Fever is generally more 
prominent in evening. It is accompanied by an evanescent 
maculopapular truncal rash. The rash may be difficult to 
recognize in individuals with dark skin. Affected children 
show marked irritability that decreases with subsidence 
of fever. Serosal involvement (in the form of pericarditis 
or pleuritis) may be prominent. Hepatosplenomegaly and 
lymphadenopathy are common at presentation and 
can lead to diagnostic confusion. There is moderate 
neutrophilic leukocytosis and an elevated erythrocyte 
sedimentation rate along with thrombocytosis. 
Rheumatoid factor is negative. 


Oligoarthritis: Oligoarthritis is the most frequent type of 
JIA accounting for approximately 60-70% of patients. Four 
or fewer joints (usually large) are affected during the first 
6 months of disease. Joint swelling, rather than joint pain, 
is the usual complaint. Two subtypes are described: The 
term persistent (if number of affected joints continues to 
be 4 or less) and extended (if number of affected joints 
exceeds 4 during the disease course). 

Oligoarthritis is more common in young girls, typically 
3-5 years of age. Asymmetric involvement of knee or ankle 
is characteristic. Small joints of hands and feet are not 
involved. Asymptomatic, and potentially blinding, 
iridocylitis can be seen in 25% patients with early onset 
oligoarthritis, and is especially common in girls with 
antinuclear antibody (ANA) positivity. 
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Polyarthritis: Polyarthritis occurs in 25-30% of patients 
and is more common in girls. Joint pain, out of proportion 
to the degree of joint swelling, is the usual complaint. Fever 
and malaise can be significant. Two subtypes are known; 


Rheumatoid factor negative: This subtype may occur at any 
age in childhood. Knees, wrists and hips are the joints 
usually affected. Small joints of hands and feet are less 
commonly involved and rheumatoid nodules are not seen, 
Joint disease in this subtype of JIA is far less severe than 
that seen in patients who are rheumatoid factor positive, 


Rheumatoid factor positive: Age at onset is late childhood 
or early adolescence. The arthritis is symmetrical, additive, 
severe and deforming and typically involves small joints 
of hands, especially the metacarpophalangeal and the 
proximal interphalangeal. Cervical spine and temporo- 
mandibular joints can also be affected. This subtype is the 
only category of JIA which is somewhat similar pheno- 
typically to adult onset rheumatoid arthritis. Rheumatoid 
nodules are present in some patients and they usually 
indicate severe disease. 


Psoriatic arthritis: Psoriatic arthritis is said to be present 
when there is arthritis in association with psoriasis or any 
2 of the following features—dactylitis, nail pitting and 
psoriasis in a first degree relative. Arthritis may precede, 
accompany or follow occurrence of psoriasis in children. 
Clinical features suggestive of psoriatic arthritis include 
simultaneous occurrence of small and large joint arthritis 
or involvement of distal interphalangeal joints. 


Enthesitis-related arthritis: This condition is more 
common in boys, typically older than 8 years. Asymmetric 
large joint (e.g., knee, ankle, hip) involvement of lower 
extremity is characteristic. Many children are HLA B27 
positive, and a proportion of these may go on to develop 
ankylosing spondylitis later as adults. However, 
sacroiliitis and spondylitis are usually not significant till 
late adolescence. Self-limiting acute symptomatic iritis 
may Occur in some patients but it does not progress onto 
the chronic iridocyclitis seen in oligoarthritis of young 
girls. A family history of ankylosing spondylitis, psoriasis, 
Reiter disease and low back pain may be obtained in these 
children. 


Laboratory Investigations 


The clinician should recognize the differing patterns of 
joint involvement in various types of JIA. This ‘pattern 
recognition’ is often the most important diagnostic clue- 
Laboratory investigations may be of a little or no help in 
arriving at a diagnosis. 

Synovial fluid aspiration for microscopy and culture is 
indicated in children with monoarthritis because sephc 
arthritis may need to be excluded (Table 21.2). Complete 
blood counts should be requested along with an 
erythrocyte sedimentation rate. Acute lymphocyt 
leukemia can sometimes have an arthritic presentation 
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and aoe children may be mistakenly diagnosed as having 
ied one marrow aspiration is therefore necessary If use 
of glucocorticoids is being contemplated for treatment of 


C-reactive Protein measurement is a surrogate marker 
of disease activity and is helpful on follow-up. Plain 
radiogr oP hs of affected joints are obtained at ime of initial 
diagnos is and may be repeated for assessment of erosive 
disease. It should be noted that screening for rheumatoid 
factor 1s nota useful test for diagnosis of arthritis in young 


children, but it is an important prognostic factor in 
situations where it is positive. 


Treatment 


Management of JIA is multidisciplinary, Physiotherapy 
and occupational therapy should be tailored to specific 
needs of an individual child, in order to prevent defor- 
mities and facilitate ‘mainstreaming’ and rehabilitation. 
Physical therapy helps in relieving pain, maintenance of 
posture and joint mobility, improves muscle strength and 
prevents fixed flexion deformities. All patients with JIA 
need to be assessed by an ophthalmologist so that uveitis 
can be detected early and treated appropriately, Children 
with oligoarthritis need regular ophthalmological follow- 
up as uveitis can develop later, 


Medical therapy: NSAIDs are the mainstay of symptomatic 
management. The conventional NSAIDs inhibit both 
isoforms of the enzyme cyclo-oxygenase, i.c, COX-1 
(constitutive; mediates physiologic prostaglandin 
production necessary for gastrointestinal mucosal integrity 
and adequacy of renal blood flow) and COX-2 (inducible; 
mediates pathologic prostaglandin production, especially 
at sites of inflammation). NSAIDs commonly used in 
children are naproxen and ibuprofen. Indomethacin is 
believed to be of particular use in enthesitis related arthritis, 
Doses of commonly used NSAIDs are given in Table 22.3. 

Development of Reye syndrome is a distinct possibility 
while a child is receiving NSAIDs, especially if there is an 
intercurrent viral illness. All children with NSAIDs must 
be monitored for gastrointestinal adverse effects. The 
recently introduced selective COX-2 inhibitors (e.g. 


‘> Table 22.3: Doses of commonly used NSAIDs 


Dose, | Maximum dose, Frequency of 
mg/kg/day mg/day administration 
Naproxen 15-20 750 Twlce dally 
35-45 2400 Four times 
Ibuprofen sally 
i 1-2 150 Three times 
Indomethacin dally 
2-3 150 Four times 
Diclofenac dally 
-Piroxicam 0.3-0.6 20 Once daily 


The analgesic dose is usually half the anti-Inflammatory dose 


rofecoxib, valdecoxib) have lower gastrointestinal adverse 
offects, but are Nol recommended for use in children. 
Although the mechanism of action of all NSAIDs js the 
same, ddosyncrnite renponnes are well knuvan and a given 
patient may respond to one NSAID and not to the other, 
Response to therapy Is usually slow and this fact must be 
explained to the parents, Treatment must continue for at 
least 4-6 weeks before a decision to switch over to another 
NSAID Is made, 

Disease modifying antierheumatic drugs (UMARKDz2) 
need lo be started in almost all children with polyarthatis. 
Weekly methotrexate (15-25 mg/m’/week given 
subcutaneously or orally) has simplified manayerment of 
severe forms of JJA. Children seem to tolerate 
methotrexate betler than adults and have fewer adverse 
effects, Once the child is in stable remission (usually 
achieved after several months), the drug can be tapered 
to the minimum effective dose and then stopped. 
Methotrexate should always be given under close medical 
supervision, Periodic testing of liver functions is 
mandatory. Development of hepatic fibrosis, a dreaded 
adverse effect, is uncommon, Hydroxychloroguine is a 
useful adjunct and is often used alony with methotrexate, 
Leflunomide, an inhibitor of pyrimidine synthesis, has 
been used in adults with rheumatoid arthritis. 

Intra-articular injections of glucocorticoids (usually 
triamcinolone) are the preferred therapy for children with 
oligoarthritis who do not respond to an initial trial of 
NSAIDs, Systemic glucocorticoids (usually prednisolone 
1-2 mp/kp/day; occasionally methylprednisolone 
10-30 mg/kg) are necessary for severe unremitting 
arthritis, syslemic manifestations (e.g. pericarditis, 
myocarditis, vasculitis) and rapidly progressive disease. 
Prednisolone, when used in this manner, is usually given 
as bridge therapy for a few weeks while awaiting the 
clinical response of methotrexate. 

lridocyclitis warrants therapy with local steroid 
instillation and mydriatic eye drops. Weekly methotrexate 
therapy is required for patients with severe uveitis. 

Newer modalities of treatment include recently 
introduced biological agents like anakinra (IL-1 receptor 
antagonist); canakinumab (monoclonal antibody to IL-1); 
tocilizumab (monoclonal antibody to IL6 receptor); 
infliximab, golimumab and adaJimumab (monoclonal 
antibodies to TNP-a); etanercept (recombinant soluble 
TNF receptor p75 fusion protein) and abatacept (inhibitor 
of T cell activation), Etanercept and infliximab are 
powerful biological agents against TNF-u. While 
etanercept has been used in children with polyarthritis 
not responding to methotrexate, infliximab has been more 
commonly used in adults with spondyloarthropathy. 
Tocilizumab and anakinra have found favour in children 
with severe forms of sJIA. While these biologics are 
now being increasingly used as first line therapy in children 
with JIA, long-term safety of these products remains 
unclear. 





a 00 | it ei 
Sie severe and has a poorer prognosis than adult SLE. 7}, 
hallmark of SLE is the presence of antinuclear antibodia 
(ANA). Marked female predominance characteristic 6 
adult SLE is usually not apparent in young children, 


Ollgoarthritts watially has a good prognosis but localized 
deformities can develop due to asymmetric growth of 
ihe. Children with enthesitis related arthritis can 
develop spondylitis and sacroiliitis later, especially if they Diagnosis 
are FILA U27 positive. Bes cea i 
Se a -< of SLE is facilitated by Systemic Ly 
Children with rheumatoid factor positive polyarthritis wine Pr ef Collaborating Clinics (SLICC) abs 
have a disease pattern similar to adults and show erosive interna oe ae CS] F is ahwavs a Clinical di ae 
F 7 ot (Table 22.4). However, st £35 Le Asnasis— 
and deforming arthritis, Prognosis is better for Se +1 hho ful swidelisies for 
a ul a | j | »mMmicat btai d the cntena merel\ provi P S : ~ Teaching 
herondpative polyarthritis as remissions are obtained more - patients, especially childras 
often and residual joint lesions may be minimal. a diagnosis: In many "Palen. Sees eae, Santen, 
at | treatment mav have to be initiated even w hen they do not 
Ue course of systemic onset disease can be extremely fulfil the requisite sitoria: 
Variable and response to therapy is notalways saliSrACtOry; The malar rash, which is virtually pathognomonic oj 
Inappropriately treated or untreated patients with JIA SLE, may not be apparent initially. It involves the cheek 
may develop flexion contractures of hips, knees and bridge of nose and lower evelids but characteristically 
elbows, resulling in permanent disability. Neck stiffness spares the nasolabial folds (Fig. 22.1a). Discoid lesions are 
ls an especially debilitating problem and canresultin gin childhood onset SLE. Oral ulcerations may involve 
torticollis. Temporomandibular joint involvement results the buccal mucosa or palate and are usually painless. Some 
In restricted) opening of the mouth and may require children may have prominent frontal alopecia (Fig. 22.1b) 
mIRC Maleryention: Arthritis is generally mild and alwavs non-erosive. 
Renal involvement is a dreaded complication of SLE 
and one of the commonest causes of mortality in children, 
Anemia, clue to chronic ongoing inflammation, is almost Lupus nephritis is conventionally classified as follows 
always present in children with persistent active arthritis | Class J: Minimal mesangial: Class J: Mesangial proliterative; 
and serial hemoglobin levels mirror disease activity. Blood Class III: Focal proliferative; Class IV: Diffuse proliterative; 
loss incluced by NSAIDs can also be a contributory factor Class V: Membranous; Class VI: Advanced sclerosing, 
for the anemia, Chronic anterior uveitis may be clinically Class II] and Class IV lesions (i-e., proliferative glomerulo- 
silent and potentially blinding. Girls below 6 years ofage —_— nephritis) require the most aggressive forms of therapy. 
with oligoarthritis, and who have antinuclear antibodies, 
are at the highest risk of developing this complication. 





Complications 


Children with sJIA are especially prone to develop Table 22.4: SLICC Classification Criteria for SLE 
macrophage activation syndrome. This is a potentially Requirements: 24 criteria (at least 1 clinical and 1 lai oratory 
fatal complication that presents with unremitting fever, cr iteria) OR biopsy-proven lupus nephritis with pos :vs ANA 
sudden onset icterus, bleeding tendency, leukopenia, or anti-dsDNA 
thrombocytopenia, hypofibrinogenemia, elevated Clinical criteria 
triglycerides and raised ferritin levels, Prompt adminis- Acute cutaneous lupus 
tration of intravenous methylprednisolone pulses can be Chronic cutaneous lupus 
life saving. Oral or nasal ulcers 

Growth disturbances, limb length discrepancies and _—‘Non-scarring alopecia 
joint contractures can be seen in children with long- — Arthnitis 
standing disease. Growth failure may occur secondary to —-Serositis 
severe inflammation or treatment with glucocorticoids. Renal involvement 
Treatment with recombinant human growth hormone Neurologic involvement 
may be an option in children with growth disturbances. Hemolytic anemia 


Secondary amyloidosis is a rare complication that presents Leukopenia 
with asymptomatic proteinuria and hypoalbuminemia, Thrombocytopenia (<100,000/cu mm‘) 


and is often irreversible. Immunologic criteria 
Antinuclear antibody (ANA) 

SYSTEMIC LUPUS ERYTHEMATOSUS Anti-dsDNA 

“> wf Anti-Smith 


Systemic lupus erythematosus (SLE) is an autoimmune 
disorder characterized by inflammation of connective 
tissues and blood vessels resulting in multisystem 
involvement. Clinical manifestations are variable and the 
course unpredictable. Childhood SLE is usually more 


Antiphospholipid antibody 

Low complement (C3,C4,CH50) 
Direct Coombs’ test (do not count in presence of hemoly” 
anemia) 
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Fig. 22.1: Systemic lupus erythematosus, Note (a) Malar sash; and (6) Fronts ecpecia 


Neurological features include psychosis, seizures, 
alterations in sensorium, focal deficits and chorea, There 
may be no correlation between severity of clinical involve- 
ment and findings on neuroimaging. Hematologic 
abnormalities include Coombs’ positive hemolytic anemia, 
leukopenia, lymphopenia and thrombocytopenia. In 
addition, there may be coagulation abnormalities due to 
presence of antiphospholipid antibodies, Cardiac 
manifestations include pericarditis, myocarditis, or 
verrucous (Libman-Sacks) endocarditis. A few autoimmune 
diseases may coexist with lupus including autoimmune 
thyroid disease, celiac disease and overlap syndromes. 


serology 


Almost all patients with SLE have demonstrable ANA. 
Presence of anti-double stranded (anti-ds) DNA antibodies 
is highly specific of SLE and usually correlate with disease 
activity. Anti-histone antibodies are present in neonatal 
lupus especially those associated with characteristic of 
drug-induced lupus. Anti-Ro antibodies are present in 
neonatal lupus especially those associated with congenital 
heart block. Anti-Sm antibodies are a marker for CNS 


lupus. 


Treatment 

Glucocorticoids and hydroxychloroquine form the 
mainstay of therapy. Prednisolone is started at doses of 
1-2 mg/kg/day and gradually tapered over several 
months, according to disease activity. Arthritis usually 
responds to NSAIDs. Sunscreen lotions (with sun 
protection factor of 15-20) must be prescribed for all 
children with lupus and applied 3-4 times/day, even on 
cloudy days. 

Life-threatening complications (e.g. class IV lupus 
nephritis, mycocarditis, encephalopathy) require the use 
of intravenous pulses of methylprednisolone (30 mg /kg/ 
day) for 3-5 days. Rituximab, a monoclonal antibody to 
CD20, has also been found to be effective in such situations, 


Use of monthly puloes of IV cyclophosphamide (500 mg/ 
m?) has considerably ismproved the long-term outcome in 
children with severe forms of lupus nephritis. Once 
remission is achieved, the patient can be rnaintained on 
mycophenolate mofetil or azathioprine. Mycophenolate 
mofetil is being increasingly used for therapy of severe 
forms of Jupus nephritis in children. 

Low dose prednisolone (2.3-4 mg/day) and hydroxy- 
chloroquine (5-6 mg/kg/day) may need to be continued 
for several years depending on the clinical response. 

Infections must be treated aggressively with appropriate 
antimicrobials and the steroid dose increased during such 
episodes. With appropriate therapy, the long-term outlook 
of SLE in children is quite encouraging. 


Antiphospholipid Syndrome 


Antiphospholipid syndrome is a common accompaniment 
of SLE but can be seen in association with other 
rheumatological disorders as well. The syndrome can, at 
times, arise de novo when it is known as primary 
antiphospholipid syndrome. It is a common cause of 
acquired hypercoagulable states in children and is manifest 
with venous and arterial thrombosis, livedo reticularis and 
thrombocytopenia. The presentation is sometimes 
catastrophic and may result in fatality. Laboratory diagnosis 
is suggested by a typical coagulation profile (normal 
prothrombin and prolonged partial thromboplastin times) 
and confirmed by detection of anticardiolipin antibodies 
(IgM and IgG), anti-62 glycoprotein! antibodies (IgM and 
IgG) and the lupus anticoagulant test. Treatment is with 
long-term oral anticoagulation. 


JUVENILE DERMATOMYOSITIS 


st 


Juvenile dermatomyositis (JDM) is not merely a disorder 
of muscle and skin, but a multisystem disease 
characterized by nonsuppurative inflammation of striated 
muscle and skin, and systemic vasculopathy. Unlike 
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adults, cure polymyositis (Le. with no accompanying skin 
involvement) is uncommon in children. The diagnosis of 
JDM can be made on basis of the following criteria: 

i. Cheracteristic heliotrope discoloration over the upper 
eyelids (Fig. 2222) or a scaly, erythematous rash over 
dorsal aspects of metacerpophalangeal and proximal 
interphalangeal joints (Gottron papules; Fig. 22 2b) 

ii. Symmetrical proximal muscle weakness 
iii, Flevated levels of muscle enzymes (creatine kinase, 
alanine and aspariate aminoiransferases aldolase) 
ty. Electromyogrephic evidence of myopathy 
v. Muscle biopsy showing myonecrosis, myophago- 
cytosis and perifascicular atrophy 

A definite dizgnosis of JDM can be made, if a child 
fulfils the first criterion along with any three of the 
remaining four and it is considered probable if two of the 
four criteria are met. Other dermatological changes 
include edema over evelids, photosensitivity, truncal 
rash and calcinosis. Magnetic resonance imaging (MRI) 
shows characteristic hyperintense signals on T2- 
weighted images suggestive of muscle edema and 
inflammation while T1 weighted images may show 
fibrosis, atrophy and fatty infiltration. Muscle biopsy is 
rarely required for diagnosis. 

Treatment is with pulse intravenous methylprednisolone 
(30 mg/kg/day) for 3-5 days followed by gradually 
tapering doses of oral prednisolone (1.5-2 mg/kg/day). 
Weekly methotrexate (15-25 mg/m*/week given 
subcutaneously or orally) is the mainstay of maintenance 
therapy. Usual duration of therapy is 18-24 months. Rapid 
tapering of steroids may result in disease relapse. Long- 
term prognosis is excellent, if treatment is started early. 





SCLERODERMA 


Scleroderma refers to hardening of the skin. It can be 
classified as follows: 
i, Systemic scleroderma (e.g. diffuse cutaneous, limited 
cutaneous) 
ii. Overlap syndromes 
iii. Localized scleroderma (e.g. morphea, linear sclero- 
derma, eosinophilic fasciitis) 








Fig. 22.2; Juvenile dermatomyositis. Note (a) Heliottope rash; 
and (b) Goftron papules, indicated by black arrows 
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iv. Chemically induced scleroderma (e.g. with polyviny| 
chloride, pentazocine, bleomycin) 
v. Pseudosclerodermas (e.g. phenylketonuria, sclere- 
dema, progeria and porphyria cutanea tarda) 
Diffuse cutaneous systemic scleroderma is usually 
associated with widespread visceral involvement 
including the gastrointestinal tract, heart, lungs and 
kidneys. It is believed that fetomaternal graft-versus- 
host reactions are involved in pathogenesis of this 
condition. Onset of disease is insidious and may be 
difficult to recognize in initial stages. The child presents 
with skin tightening (edema, atrophy and acrosclerosis), 
Raynaud phenomenon (i.e. blanching, cyanosis and 
erythema), soft tissue contractures, arthralgias and 
myalgias, dysphagia (regurgitation, reflux and 
aspiration), dyspnea (interstitial fibrosis, low diffusing 
capacity) and characteristic subcutaneous calcifications. 
Many children have abnormalities of nailfold 
capillaries, which can be seen as capillary dropouts and 
dilated loops with a nail-bed capillaroscope or +40 lens 
of an ophthalmoscope. Onset of hypertension and 
proteinuria usually indicates renal involvement, and 
should be a cause for concern. 


Investigations show presence of ANA (with nucleolar 
pattern on immunofluorescence) and antibodies to Scl70 
(DNA-topoisomerasel) or centromere. No form of drug 
therapy is curative. Penicillamine and colchicine can 
produce beneficial results in some patients, especially if 
used early in the course of disease. Monthly pulses of IV 
cyclophosphamide (followed by maintenance daily 
azathioprine or weekly methotrexate) can be life saving 
in patients with interstitial lung disease. Nifedipine is 
useful for management of Raynaud phenomenon while 
enalapril can result in control of blood pressure and 
stablization of renal function. The latter is also the drug 
of choice for scleroderma renal crises. With appropriate 


management, 10 years survival rates of up to 90% have 
been reported in children. 


Scleredema is a benign, self-limiting condition 
characterized by non-pitting indurated edema over face, 


neck, shoulders and chest, but excluding the hands and 
feet. 


MIXED CONNECTIVE TISSUE DISEASE 


This is a multisystemic overlap syndrome characterized 
by features of rheumatoid arthritis, systemic scleroderma, 
SLE and dermatomyositis occurring in conjunction with 
high titers of anti-ribonucleoprotein (RNP) antibodies 
(specific for U1 RNP). Nephritis is usually less common 
and less severe than in SLE. Many children show good 
response to low-dose glucocorticoids and NSAIDs. Oral 
weekly methotrexate is a useful therapeutic option. 
Treatment must be individualized and should focus on 
the particular disease component which is predominating 
in a given child. 
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VASCULITIDES 


The vasculitides are best classified according to the size 
of the vessel involved: 
i, Large vessel (i.e, aorta and major branches) vascull tls 

e.g. Takayasu arteritis; giant cell arteritis 

ii, Medium vessel (i.e, coronary, renal, hepatie, 
mesenteric) vasculitis, ag. Kawasaki disease, poly- 
arteritis nodosa 

iii, Small vessel (i.e. arterioles, capillaries, venules) vasculllls, 
eg. IgA vasculitis (Henoch-Schinleln purpura), 
granulomatosis with polyangiitis (Wegener granulo- 
matosis), microscopic polyangiltis, Churg-Strauss 
syndrome, cutaneous leukocytoclastic anglitis. 


Takayasu Arteritis 


This is characterized by a segmental inflammatory 
panarteritis resulting in stenosis and aneurysms of aorta 
and its major branches causing weak arterial pulses, It ds 
believed to be the commonest cause of renovascular 
hypertension in India. It is classified according to the site 
of involvement: Type I: Aortic arch; Type I: Descending 
aorta; Type II: Aortic arch and descending aorta; Type IV: 
Aorta and pulmonary artery. Children with Tokayasu 
arteritis often show a strongly positive tuberculin reaction, 
The classification criteria for childhood Takayasu arteritis 
are given in Table 22.5, 

Diagnosis is confirmed by angiography. Treatment 
involves long-term immunosuppression with prednisolone 
and methotrexate (used in weekly doses). Mycophenolate 
mofetil has also been found to be useful. Angioplasty 
procedures are now being increasingly performed even 
in small children and show promising results. 
Cyclophosphamide or azathioprine may be required in 
children who fail to show an adequate response to steroids. 
Hypertension must be managed appropriately. 


Kawasaki Disease 


Kawasaki disease is an acute febrile mucocutaneous 
lymph node syndrome mainly affecting infants and young 
children. More than 80% of cases are seen in children 
under 5. It is the commonest vasculitic disorder of 
childhood and has replaced acute rheumatic fever as the 
leading cause of acquired heart disease in children in many 
countries. The basic lesion is a necrotizing vasculitis of 


‘Table 22.5: Classification criterla for childhood Takayasu arteritis 
Angiographic abnormalities (conventional, CT or MRI) of the 
aorta or its main branches, plus at least one of the following 4 
features: 
Decreased peripheral artery pulse(s) and/or claudication 
of extremities 
Blood pressure difference between both limbs >10 mm Hg 
Bruits over aorta and/or Its major branches 


Hypertension 
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mediimenized muscular arteries (especlally coronarles), 

which may result In aneurysme, dilatations, arid sterienees 

In untreated patlents, In Japan, 1 of all hildrens wine 

develop Kawnnakl Weed before they reach WO years of 

age, Ia India, Wile condition bo says bedny, be reasiigly 
recognized bul the vat majority of patients oti cemtiniise 
toremain undiagnosed probably because of Jack of 

AWarenesH aMonyel pediatrlobans, 

Holi dnportant to remember that the diagnosis of 
Kiwasikl dineane Ib based entirely on recognition ofa 
lemporal sequence of characteristic dinieal findings 
(Hy, 22.3) ane that there inne specific laboratory test, The 
Haynostle erileria for KD are as follows; 

A. Vever lanting for at leant 9 days 

B. Pronence of any 4 of the following 5 conditions: 

I, Bilateral nonpurutent confuncttoal infection (without 
siecharye) 

i, Changes of mucosae of oropharynx (wy, injected pharynz, 
Injected lips, strawberry tonyue) 

Il, Changes of peripheral extremities (acute stage: edema, 
erythema of hands or feet; convalescent stage: 
desquamation, which usually begins periungually) 

Iv, Polymorphous rash (never venicular) 

v, Cervical lymphadenopathy (at least 1 node 21.5 cm; 
usually unilateral) 

C. HIness not explained by any other known disease 
process, 

These clinical features evolve sequentially over a period 
of days and all need not be present together at a given 
point of time, This partly explains the difficulty that the 
clinician experiences in arriving at a correct diagnosis. 
Most children have high prade fever and are extremely 
irritable. In fact itis this irritability that often provides the 
first clinical clue to diagnosis, Other characteristic clinical 
findings include perianal desquamation (in first few days 
of fever) and reactivation of BCG scar, usually seen in 
infants). Arthritis is often seen in children with Kawasaki 
disease and may result in diagnostic confusion, Hydrops 
of gall bladder can also occur, Sterile pyuria is common 
and, in the setting of ongoing fever, may lead to an 
erroneous diagnosis of urinary tract infection, 

KD must be considered in differential diagnosis of all 
children, especially those below 5-year-old, who have 
fever without apparent focus lasting more than 5 days. 
Thrombocytosis with periungual peeling is characteristic 
of second week of illness. Beau lines may be seen during 
the convalescent phase (Fig. 22.4). 

Treatment is with a single dose of intravenous immuno- 
globulin (2 g/kg) and aspirin in anti-inflammatory doses 
(30-50 mg/kg) until the child becomes afebrile. Low dose 
aspirin (3-5 mg/kg/day) is then continued for 4-6 weeks 
for ils antiplatelet activity, In appropriately treated 
children, the long-term prognosis is excellent with less 
than 3% patients developing coronary artery abnormalities 
as compared to 15-25% in the untreated category. 
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Fig. 22.3: Findings in acute phase of Kawasaki disease. (a) Red cracked Ilps; (b) Strawberry tongue; (c) Swelling on dorsum cf 
hands; and (d) Perlungual desquamation. 
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Polyarteritis Nodosa 


Polyarteritis nodosa (PAN) is rare in childhood. Clinical 
manifestations can be extremely variable because of 
multisystem involvement and include fever, 
hypertension (seen in 80%), abdominal pain, arthritis, 
myalgia, skin involvement (especially livedo reticularis, 


Fig. 22.5a), neurological involvement (seizures, 
encephalopathy) and peripheral neuropathy (mono- 
neuritis multiplex). Pathological diagnosis consists vf 
demonstration of fibrinoid necrosis in medium-si/cJ 
arteries with segmental involvement and a predilect\:n 
for bifurcation of vessels. On angiography, aneurys'15 
may be demonstrable in the renal arteries or celiac axis 
(Fig. 22.5b). The classification criteria for childhood PAN 
have been revised (Table 22.6). Treatment consists of 
long-term immunosuppression (initially with 


cyclophosphamide and prednisolone, followed by 
azathioprine). 


IgA Vasculitis (Henoch-Schdénlein purpura) 


IgA vasculitis is a common vasculitic disorder of 
childhood and is characterized by presence of a non- 
thrombocytopenic and usually palpable purpura, 
transient arthralgia (occasionally, arthritis) and abdominal 
symptoms. The criteria for diagnosis of childhood HSP 
are given in Table 22.7. 

The illness begins with a purpuric rash more prominent 
over the extensor aspects of lower extremities and 
buttocks. It may be macular, maculopapular or even 
urticarial to begin with and can be difficult to diagnose In 
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Fig. 22.5: Findings in polyarteritis nodosa include (a) Livedo reticularis; and (tb) Microaneurysm (black arrow) on angiography 


Table 22.6: Classification criteria for childhood polyarteritis 
nodosa 
A childhood illness characterized by the presence of either a 
biopsy showing small and mid-size artery necrotizing vasculitis 
or angiographic abnormalities (aneurysms or occlusions),* plus 
at least 2 of the following: 

Skin involvement 

Myalgia or muscle tenderness 

Systemic hypertension 

Abnormal urinalysis and/or impaired renal function 

Mononeuropathy or polyneuropathy 

Testicular pain or tenderness 

Signs or symptoms suggesting vasculitis of any other major 

organ systems (gastrointestinal, cardiac, pulmo- 

nary or central nervous system) 


*Should include conventional angiography if magnetic resonance 
angiography is negative 


the first few days of illness. Glomerulonephritis is seen in 
approximately one-third, but only 10% patients have 
azotemia or nephrotic range proteinuria. Clinically, it may 
manifest as isolated hematuria, hypertension or a 
nephritic/nephrotic syndrome. Significant renal 
involvement is uncommon in children below 6 years old. 
Gastrointestinal manifestations usually occur in first 
7-10 days of the illness. Affected children may be erroneously 
diagnosed as having a ‘surgical abdomen’. Abdominal 
pain is usually intermittent, colicky and periumbilical. 
Vomiting occurs in about 60% of patients but hematemesis 
and malena are relatively less common. Intussusception 
(ileoileal or ileocolic) can be seen in the acute phase. 
Most clinical features of IgA vasculitis are self-limiting 
and resolve in a few days. Rare manifestations include 


Table 22.7: Classification criteria for childhood Henoch- 
Schonlein purpura 


Palpable purpura with at least one of the following: 


Diffuse abdominal pain 

Any biopsy showing predominant IgA deposition 
Arthritis or arthralgia 

Renal involvement (any hematuria and/or proteinuria) 


CNS vasculitis, coma, Guillain-Barré syndrome, 
pulmonary hemorrhage, carditis and orchitis. 


Laboratory Investigations 


IgA vasculitis is a clinical diagnosis and none of the 
laboratory features are pathognomonic. There may be a 
nonspecific increase in total serum IgA levels. Many 
children may have microscopic hematuria and 
proteinuria. Skin biopsy from the involved sites shows 
leukocytoclastic vasculitis. On indirect immuno- 
fluorescence, there are deposits of IgA in skin as well as 
renal biopsies. Ultrasound examinations may need to be 
repeated for evolving abdominal findings. 


Treatment 


Management is generally supportive with maintenance 
of hydration and pain relief. Prednisolone (1-1.5 mg/kg / 
day) is often given in children with gastrointestinal 
involvement and is usually continued for 2-3 weeks (in 
gradually tapering doses) depending on the clinical 
response. There is, however, no clear evidence that 
steroids alter the natural course of disease. 

Nephritis due to IgA vasculitis may need aggressive 
management with immunosuppressants (prednisolone 
and azathioprine). 
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Prognosis 

The disease usually runs its entire course in 4 weeks and 
majority of children have no permanent sequelae even 
when the short-term morbidity is quite significant. 
Children older than 6 years with significant renal 
involvement (especially children with rapidly 
progressive glomerulonephritis and crescents) need to 
be closely followed up; the long-term prognosis is 
guarded in such situations. Overall 1-5% of children with 
nephritis due to IgA vasculitis progress to end stage renal 
disease. 


Granulomatosis with Polyangiitis (Wegener granulomatosis) 


This condition is characterized by necrotizing granulo- 
matous angiitis affecting the respiratory tract and kidneys. 
It is rare in children. Constitutional symptoms are quite 
prominent. Presence of anti-neutrophil cytoplasmic 
antibodies (ANCAs), especially c-ANCA, are virtually 
pathognomonic. With steroids and cyclophosphamide and 
occasionally, intravenous immunoglobulin, the long-term 
outlook is satisfactory. 


Behcet Disease 


This is an extremely uncommon vasculitic disorder, with 
variable clinical manifestations. 
i, Major: Aphthous stomatitis, genital ulceration, 
cutaneous manifestations and ocular disease 
ii. Minor: Gastrointestinal disease, thrombophlebitis, 
arthritis, family history and neurological involvement. 
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e is characterized by multiple Telapses 
with significant disability from ocular and neurologica| 
manifestations. Widespread thrombosis (venous and 
arterial) of large vessels may be life-threatening. Many 
ow a positive pathergy test (cutaneous pustular 
reaction following needle pricks). HLABS and B5] 
haplotypes have been associated with this syndrome. 
Drug therapy involves use of colchicine and thalidomide, 
Methotrexate and chlorambucil have also been used. 


Behcet diseas 


patients sh 
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CHROMOSOMES AND GENES 


Of 23 pairs of human chromosomes, the two members of 
22 pairs that are apparently alike (or homologous) are 
called autosomes. The 23rd pair is homologous only in 
females with two X chromosomes. In males, the 23rd pair 
has one X chromosome and a much smaller Y chromosome. 
Each chromosome has a short arm (p) and a long arm (q) 
joined by a centromere (Fig. 23.1). Based on the position 
of the centromere, chromosomes are categorized as 
metacentric (centromere in the middle), submetacentric 
(centromere distant from centre) and acrocentric 
(centromere at the end). Chromosomes are numbered 
based on their size and position of the centromere. 
Chemically, the chromosomes are made up of 
deoxyribonucleic acid (DNA) and histones. Only about 
3% of DNA in the human genome symbolizes genes; the 
rest does not have a clear-cut function (often termed junk 
DNA). There are about 20000-25000 genes in the human 
genome, each gene being the functional unit of heredity. 
Gene is a sequence of several nucleotides, and its position 
on a chromosome is called its locus. Each individual has 
two copies of genes on the two parental chromosomes (one 
each from mother and father). Alternative forms of a gene 
are known as alleles (Fig. 23.2). For instance, one allele 
may code for black iris and another for blue iris. If the 
alleles code for the same forms, these are called 
homozygous; if they code for different traits, they are 
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Fig. 23.1; Schematic structure of a chromosome 
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heterozygous. If an allele clinically manifests itself even 
in the heterozygous state, it is called a dominant gene or 
character. Its alternate form or allele which does not 
express itself clinically when the other allele from the other 
parent is normal is called a recessive gene. Recessive genes 
will manifest features of disease only when present in 
homozygous state or when the abnormal gene is inherited 
from both parents. The genetic makeup of a person is 
called the genotype and the clinical characters are known 
as phenotype. Sometimes a gene may express itself in 
several slightly modified forms without adverse effect on 
health of the individual, known as genetic polymorphism. 


Genetics and Disease 


Most diseases have probable genetic and environmental 
basis. The genetic component may be the major or the only 
factor leading to manifestation(s) of the disease, or it may 
merely predispose the individual to get a disease in 
response to environmental stresses. Based on genetic 
mechanism, diseases may be of 5 types: (i) Chromosomal 
disorders, (ii) single gene disorders, (iii) polygenic 
disorders, (iv) mitochondrial disorders and (v) somatic cell 


disorders. 
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Fig. 23.2: Concept of locus, gene, allele and genotype 
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Wechscnis ts of Caromoasoma] Anomalies 


Ceromosomes comiain 2 laree number of genes. Loss or 
sh cf 2 whak Groamasame dwe to abnormalities in cell 
sim zr cense profound disturhanees in the genetic 
comst=on of the Fstas and affect its survival. Depending 
toon the sve af Smarmaliy, the chnomoasame involved 
end the tyre af mihalene, there may be an early abortion, 
Sj] Gch, memmste! dasth, malformations or intellectual 
Gsatiisr. At imes. only 2 part of the chromosome may 
be deleted or lam. causing lass severe genetic disturbances. 
Generailr. lass of 2 whole chromosome, except the 
A Gouromnsome 13s in Tumer syndrome), is lethal. Surveys 
in Slo or hormasss show chromosomal anomalies 
in 2 lense Dromoraan. Five of 1000 live newborns, have 
crumosm:! noma. There 2re twa types af chromosomal 
ebnormatsas—numenical (aneuploidies) and structural. 

Aneu>losdies result irom failure of chromosomes to 
separate nomnally during cell division. This phenomenon 
is known 2s nondisjunction. Nondisjunction during 
meiosis | leads to formation of disomic or nullisomic 
gametes, resuling mM imsomic and moanosonuc zyyotes, 
respectively> nendisjunction during meiosis Il results in 
momosomic, disomic and nullisomic gametes, leading to 
disomic (46 chromosomes), thsomic (47 chromosomes) and 
monosomic (45 chromosomes) zygotes, respectively, as 
shown in Fig. 23.35. Nondisjunction may occur in maternal 
or paternal germ cells, but is more common in the former 
and with increasing age. Common aneuploidies in live 
born babies include Down syndrome (trisomy 21), Edward 
syndrome (trisomy 18), Patau syndrome (trisomy 13, 
Fig. 23.4) and Turmer syndrome (monosomy X). 
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Mosaieism: If nondisjunction occurs in the first mitotic 
division instead of meiosis, of the two new cells formed 
one has 47 chromosomes and the other has 45 chromo. 
somes. The error is perpetuated by repeated mitotic 
divisions. Thus, two cell lines with 47 and 45 chromosomes 
are observed in the same individual. If the nondisjunction 
oceurs after a few mitotic divisions have already occurred, 
more than two cell lines are observed, some with norma] 
and others with abnormal complement of chromosomes, 


Structural Chromosome Abnormalities 


Chief types of structural chromosome abnormalities are: 
(i) translocation, (ii) inversion, (iii) deletion, (iv) duplica- 
tion, (v) ring chromosome and (vi) isochromosomes. 


Translocation (Fig. 23.5): A chromosome or segment of a 
chromosome may break off from the parent chromosome 
and join another chromosome, in a process called 
translocation. One chromosome may appear shortened in 
this process. If no loss or gain of the genetic material 
occurs, the translocation is balanced and the person is 
phenotypically normal. Translocated chromosome may be 
transmitted to either gamete during meiosis, such that 
when it mates with a normal gamete, the resulting zygote 
may have either excess or deficiency of the genetic 
material. Such an offspring is abnormal. Viability of such 
zygotes would depend on the essentiality of the genes 
carried on translocated portion of the chromosome. 


Deletion (Fig. 23.6); A segment of chromosome may break 
off and be lost. Loss of a portion of chromosomal material 
large enough to be seen by light microscope is often lethal 
or poorly tolerated. Gene deletion syndromes are 
characterized by loss of a cluster of genes, giving ris toa 
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Fig. 23.3: (a) Normal separation; and (b) Nondisjunction of chromosomes 
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Fig. 23.5: Translocation. (a) Cartoon indicating exchange of 
parts of chromosomes. (b) Karyotype showing translocation 
between chromosomes 2 and 20 [t(2;20)] 


consistent pattern of anomalies and developmental 
problems. Examples are William syndrome (7q11.23); 
retinoblastoma with mental retardation and dysmorphic 
facies (13q14.1); Prader-Willi syndrome (hypotonia, 
mental retardation and obesity, 15q11); Rubinstein Taybi 
syndrome (microcephaly, broad thumbs, big toes, 
dysmorphism and mental retardation; 16q13); and 
DiGeorge syndrome (congenital heart defect, hypoplasia 
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Fig. 23.6: (a) Schematic diagram of deletion: (b) Karyotype 
with deletion of long arm of X chromosome 


of parathyroid and thymus, facial and palate anomalies; 
22q11). Submicroscopic deletions are detected on special 
chromosomal staining or fluorescent in situ hybridization 
(FISH) (Fig. 23.7). DNA probes make it possible for FISH 
to be used for diagnosis for aneuploidies and micro- 
deletion syndromes. 





Fig. 23.7: Signals on fluorescent /n situ hypridization (FISH) testing. 
Reduced or increased number of signals Indicates aneuploidy 
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Duplications are abnormal duplication or copy of part of 
a particular chromosome that result in extra genetic 
material. 


Ring chromosome (Fig. 23.8) occurs due to a two 
breakpoint event involving the ends of the p and q arm 
which leaves two sticky chromosomal ends that join to 
form a ring. 


Inversion (Fig. 23.9a) results from one or two breaks along 
the length of the chromosome arm. The broken pieces 
rotate by 180 degrees and reinsert in a novel way. If there 
is no loss or gain of genetic material, there may be no 
significant clinical manifestations. Break point is important 
if it disrupts a vital gene. 


Isochromosome (Fig.23.9b), During mitotic cell division, 
the chromosome divides longitudinally. Rarely it divides 
transversely across the centromere, with half of the 
chromosome replicating to form its complement. Thus 
instead of normal chromosomes, two new types of 
chromosomes are formed, one having both the long arms 
and the other with both the short arms. These are known 
as isochromosomes. Each isochromosome has excess of 
some genetic material and deficiency of other genetic 
material. For example, isochromosomes cause some cases 
of Turner syndrome. 





Genomic imprinting: Maternal and paternal sets of genes 
are not always functionally equal. Some genes are 
preferentially expressed from maternal or paternal side. 
Examples include Prader-Willi syndrome (microdeletion 
on paternal side or inheritance of both copies from 
maternal side) and Angelman syndrome (microdeletion 
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on maternal side or inheritance of both copies from 
paternal side). 

Chromosomal abnormalities are generally sporadic ang 
therefore, the risk of their recurrence in offsprings is low, 
except when either parent is carrying a balanced trans. 
location. 


Testing for Chromosomal Disorders 


Laboratory testing for chromosomal disorders includes 
conventional karyotyping, fluorescent in situ hybridization 
(FISH), quantitative PCR (qPCR), multiplex ligation probe 
amplification (MLPA) and chromosomal microarray 
(CMA). 

The process of making chromosome preparations by 
in vitro culture, staining, identification and classification 
of chromosomes is called karyotyping. Karyotyping can 
be performed on peripheral blood lymphocytes, bone 
marrow aspirate and tissue biopsy material. The process 
is labor intensive and involves culture, followed by 
harvesting chromosomes after the cells are arrested in 
mitosis. After preparation of slides, staining (usually 
Giemsa stain) is done to produce a banding pattern unique 
for each chromosome (Fig. 23.10). This enables detection 
of numerical and structural abnormalities through the 
genome at a resolution of approximately 5 Mb. The 
chromosomes from one metaphase figure (a single cell) 
are classified according to their length (chromosome one 
is the longest) and banding features into groups called a 
karyotype. 

Molecular cytogenetic techniques include FISH, 
quantitative polymerase chain reaction (qPCR) and 
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Fig. 23.8: (a) Schematic representation; and (b) Karyotype showing ring chromosome 18 in a child with developmental delay and 


seizures (see red arrow) 
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Fig. 23.9: (a) Inversion; and (b) Isochromosome 








multiplex ligation dependent probe amplification (MLPA) 
(Fig. 23.10) detect chromosomal abnormalities in a targeted 
manner, since fluorescent probes (in case of FISH) and 
specific markers (qPCR and MLPA) are designed for a 
specific chromosome or region of chromosome, and can 
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be used for submicroscopic abnormalities. All these tests 
are rapid (results within 1-2 days) but are expensive and 
will detect abnormalities only in the desired chromosome(s) 
or regions. These are highly useful for rapid aneuploidy 
detection in prenatal diagnosis and for microdeletion 
syndromes (e.g. William syndrome). 

Chromosomal microarray is a collection of microscopic 
DNA spots attached to a solid surface. It detects copy 
number variations, identifying both losses (deletions) and 
gains (duplications). It provides better diagnostic yield 
than conventional karyotype; it does not require dividing 
cells and the resolution is almost 50-fold higher. Chromo- 
somal microarray is recommended for unexplained 
intellectual disability, multiple congenital anomalies and 
autistic spectrum disorders. DNA microarrays can be used 
to measure the expression of several genes simultaneously 


or to genotype multiple regions of a genome. 
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Fig. 23.10: MLPA anolysis showing hemizygous deletion (indicated In red) In a patient with smith-Magneis syndrome 


DOWN SYNDROME 


Down syndrome is the most common chromosomal 
disorder, occurring with a frequency of 1:800 to 1:1000 
newborns. Chromosome number 21 is present in triplicate, 
usually because of meiotic non-disjunction in either 
maternal or parental gamete. In most cases the extra 
chromosome is from the mother. Down syndrome occurs 
more often in offspring of mothers conceiving at older age; 
the risk in the newborn is 1:1550 if maternal age is 
15-29 years, 1:800 at 30-34 years, 1:270 at 33-39 years, 1:100 
at 40-44 years and 1:50 after 45 years. 


Cytogenetics 


Trisomy 21 is found in 95% cases. Approximately 1% cases 
are mosaic and the rest (4%) are due to translocations, most 


commonly involving chromosomes 21 and 14 (Fig. 23.11). 
Karyotype of the parents is only required if the affected 
child has translocation causing Down syndrome. 


Clinical Features and Diagnosis 


Patients with Down syndrome have intellectual disability 
and physical retardation, flat facial profile, an upward 
slant of eyes and epicanthic folds (Fig. 23.12). Oblique 
palpebral fissure is obvious only when the eyes are open. 
The nose is small with flat nasal bridge. Mouth shows a 
narrow short palate with small teeth and furrowed 
protruding tongue. There is significant hypotonia. The 
skull appears small and brachycephalic with flat occiput. 
Ears are small and dysplastic. There is a characteristic 
facial grimace on crying. Hands are short and broad. 







@ Translocation: 4% 


21 
Fig. 23.11: Three types of chromosomal abnormalities found 
In children with Down syndrome. Arrows Indicate the adadltional 
genetic material that results in the characteristic features 


Clinodactyly (hypoplasia of middle phalanx of fifth finger) 
and simian crease are usual. There is a wide gap between 
the first and the second toe (sandle gap). 





Associated Abnormalities 


Congenital heart disease: Approximately 40% children 
have congenital heart disease. Endocardial cushion defects 
account for 40-60% cases. Presence of heart disease is the 
chief factor in determining survival. All children should 
have a cardiac evaluation before 9 months of age, 
| including echocardiography. 
) Gastrointestinal malformations: Atresias are present in 12% 
of cases, especially duodenal atresia. There is an increased 
risk of annular pancreas and Hirschsprung disease. 


Ophthalmic problems: There is an increased risk of 
cataract, nystagmus, squint and abnormalities of visual 
acuity. Routine evaluation is performed in infancy and 
then yearly. 


Hearing defects: 40-60% patients have conductive hearing 
loss and are prone to serous otitis media (commonly 





Fig. 23. 12: Children with Down syndrome at (a) 3 months; (b) 15 months; and (c) 2 years Of aga. Note the fiat facies, upward orf 
slant and open mouth appearance 
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during the first year), Routine evaluation je done where 
6 months of age and Then every year, 


Thyroid dysfunctions About 13-54% patients with Day, 
syndrome have hypothyroldiam, Thyrald (um ton testy 
(Ty and TSH) are recommended once in the neonatg 
period or at firsteontact, every abe months i bare y yy 
then every year. This should ideally include antithyrypy 
antibodies, especially in older children, as wNulayy jy 
usually autolmmiune, 


Athinto-oceipital sublivations The incidence be varlable 
reported in 10-30%, Lateral neck radloyraph jy 
recommended once al 3-5 yearn, before surpery, fu, 
partlelpation in speclal games, or varller, Wolynes and 
symplons suppest cord compression, 


Physical growth; Regular follow up fog height and veight 
is necessary, Linear growth In retarded ax Compared ty 
normal; children tend to become obese with age, Missle 
tone tends to improve with ape, while progress with 
development slows with age, 


Malignancies: Patients with Down syndrome are at 
increased risk of development of lymphoproliferatve 
disorders, including acute lymphoblasthe lewkernia, acute 
myeloid leukemia, myelodysplasia and transient 
lymphoproliferative syndrome, 


Management and Prognosis 


The principles of management are early stimulator, 
physiotherapy and speech therapy, Associated prob lers 
need to be treated as required. Social preerforrnrisiy ce ty 
usually achieved beyond that expected for merital age 
Generally, they behave Ws happy children, liber bir. ty, 
are friendly, have pood sense of rhythm and eryoy cue 

The chief cause for early mortality is comperutal cart 
disease; almost 50% with cardiac wnonvalies die brie! «« y. 


Chronic rhinitis, conjunctivitis and perloermtal dives are 
common, Lower respiratory tract infections pone tir rat 
to life, Hematological malignancies are another cau. ol 
mortality. Table 23.1 outlines the protocol fer... ul 
children with Down syndrome. 





Table 23,1; Evaluation in patients with Down syndrome 


Evaluation 
Growth 


Auditory (scroon for hearing loss, otitis media) 
Ocular 


Thyrold profile 
Cardiac evaluation 
Hematology 


Dental 


Additional evaluations 
Routine Immunization as per schedule 


Frequency of assessment 
Twice a year in first year: annually till 5 years 


At initial contact; follow up if congenital heart disease 


Screen for leukemia, twice a year in first year, monitor as 
per need 


Annually 


Vigilance about signs of gastroesophageal reflux disease, celiac disease, obstructive sleep apnea, atlantoaxial dislocation 


Early stimulation therapy 
Physiotherapy, occupational and speech therapy 


Guldance regarding vocational training, hygiene and self-care 
Discuss behavioral issues 


Counseling regarding future Pregnancies and prenatal diagnosis 


Counseling 


Parents of a child with Down syndrome should be 
counseled with tact, compassion and truthfulness. Briefy, 
one should: (i) Inform about the disorder as early as 
possible after diagnosis is confirmed; (ii) counsel in 
presence of both the parents in privacy; (iii) talk in simple 
and positive language giving hope and allow sufficient 
time to the parents to ask questions; (iv) discuss known 
problems and associated disorders; (v) highlight the 
importance of early stimulation; (vi) not discuss 
institutionalization and adoption, unless asked, and 
discourage both the options; (vii) ask parents to contact 
the local Down syndrome association, if one exists; 
(viii) talk about genetics only after chromosomal analysis; 
(ix) inform about recurrence risks and possibilities of 
prenatal diagnosis; and (x) schedule future appointments. 


Risk of recurrence: Women 35 years of age or less who 
have a child with trisomy 21 have a 1% risk of having 
another, which is significantly greater than the general 
population. The risk is little increased, if any, over the 
usual maternal age dependent frequency if the mother at 
risk is 35 years or older. For translocations inherited from 
the mother, the risk is about 10%, whereas it is about 
4-5% when father is the carrier, Balanced translocation 
21; 21 is the only situation where all viable fetuses will 


have Down syndrome. 


Prenatal screening and diagnosis (also section: Prevention 
of Genetic Disorders). Parents who wish to get a prenatal 
diagnosis have a number of options. They can directly get 
a fetal karyotype either by chorionic villus sampling (by 
transcervical or transabdominal route) or amniocentesis. 
Alternatively (if the parents do not want invasive testing) 
an initial screening may be performed with maternal 
serum markers and ultrasonography (as discussed later), 


Options for couples who come late or opt for initial 
Screening with serum markers and ultrasonography are 
karyotyping by amniocentesis at 16-18 weeks, trans- 
abdominal chorionic villus sampling and cordocentesis 
after 18 weeks. Karyotype results are available within a 
week with cord blood samples and direct chorionic biopsy 
preparations. The results of amniotic fluid cultures take 
about two weeks. Rapid testing using FISH and 
quantitative PCR is very reliable and results are available 
in 2448 hours. 


TURNER SYNDROME = —— 


Turner syndrome, with 45 X chromosomal constitution, 
has an incidence of ~1:3000 newborns. However, 
chromosomal studies of spontaneous abortions have 
clearly shown that majority of 45 X fetuses are likely to be 
aborted. Since there is no apparent relationship to 
advanced maternal age, it is likely that the condition does 
not arise from gametic nondisjunction. 





Cytogenetics 


Many patients with Turner syndrome show considerable 
degree of chromosomal mosaicism, i.e. 45, X/46, XX or 
other karyotypes with multiple cell lines. Formation of 
isochromosome of long arms of X chromosome may lead 
to Turner phenotype with 46 chromosomes because of 
absence of short arms. Figure 23.6b shows a karyotype of 
a child with Turner syndrome with deletion of long arm 
of X chromosome 


Clinical Features 


Turner syndrome may be recognizable at birth. 
Lymphedema of the dorsum of hands and feet and loose 
skin folds at the nape of neck may be present. Other 
manifestations include short stature, short neck with 
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Aig. 23.13: Tumer syndrome. Note (qa) Ptosis In right eye, shield 


chest, Increased carrying angle, webbed neck and short neck; 
ond [(b) Low posterior hair line 


webbing and low posterior hair line. Anomalous ears, 
prominent narrow and high arched palate, small mandible 
and epicanthic folds may be noted. Chest is broad shield- 
like with widely spaced hypoplastic nipples (Fig. 23.13a 
and b). There is increased carrying angle at elbow. Bony 
anomalies include medial tibial exostosis, and short fourth 
metacarpals and metatarsals. Pigmented nevi may appear 
in older patients. At puberty, sexual maturation fails to 
occur. The phenotype is highly variable. It has been 
recommended that the diagnosis of Turner syndrome 
should be considered in all girls with short stature. 
Ultrasound may show streak ovaries and hypoplastic 
uterus. Levels of FSH and LH are increased (hyper- 
gonadotropic hypogonadism). Adult stature is usually 
below 145 cm. Associated congenital defects are common 
in kidneys (horseshoe kidney, double or cleft renal pelvis), 
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heart (coarctation aorta) and ears (perceptive hearing 
defect). Congenital lymphedema recedes in early infancy 
leaving puffiness over dorsum of fingers and toes. Linea; 
growth is at about half to three-fourths the usual rate, 
Hypothyroidism occurs in about 15-30% adults with 
Turner syndrome. The clinical features are milder in 
Turner syndrome with mosaicism; patients show ma 
have normal stature and present with secondary 
amenorrhea. 


Management 


Height monitoring should be done using growth charts for 
Turner syndrome. Cardiac evaluation and measurement of 
blood pressure is recommended at baseline and every year, 
Treatment with growth hormone is recommended. While 
therapy may increase the final height by 8-10 cm, the cost 
is prohibitive. Thyroid testing should be done in infancy 
or early childhood, if the child is lagging in growth. Routine 
evaluation is required after 10 years of age. Counseling 
regarding behavioral problems due to short stature, 
amenorrhea and sterility is an integral part of management. 
Ovarian hormone replacement is advised around 14 years, 
Conjugated estrogen (0.3 mg/day) or ethinyl estradiol (5- 
10 ug/day) are given for 3-6 months; the dose of 
medications may be increased. After 6-12 months, cyclical 
therapy with estrogen and progesterone is started. 

Regular audiometry is advised in adulthood or earlier, 
if indicated. Evaluation for renal malformation by ultra- 
sonography should be done at first contact. Prophylactic 
gonadectomy is advised for patients with Y chromosome 
due to the risk of developing gonadoblastoma. 


Table 23.2 gives brief description of some common 
aneuploides. 


Table 23.2: Clinical features of common aneuploidies 


Aneuploidy 
Trisomy 18 
Edward syndrome 


Clinical features 


Failure to thrive, developmental retardation, hypertonia, micro- 
gnathia (Fig. 23.14a), shield-shaped chest, short sternum, joint 


Management 
Symptomatic, supportive 


abnormalities including flexion deformity of fingers (Fig. 23.14b and c), 
limited hip abduction and short dorsiflexed hallux. Congenital heart 


disease is common 
Trisomy 13 
Patau syndrome 


Development and physical retardation, microcephaly, sloping 
forehead; cleft lip with/without cleft palate common 


Symptomatic, supportive 


Holo-prosencephaly; varying degree of incomplete development 


of forebrain, olfactory and optic nerves 


Microphthalmia, iris coloboma, retinal dysplasia and cataract; deafness 
Capillary hemangiomata (Fig. 23.15); polydactyly, flexion deformities 
Congenital heart disease (80%); most die by 6 months of life 


Klinefetter syndrome 
47,XXY 


Hypergonadotropic hypogonadism, small testes, fail to develop 
secondary sex characters; tall stature, gynecomastia 

Borderline intellectual disability, behavioral problems 

Consider diagnosis in boys with mental retardation, psychosocial or 


Behavioral and psychosocial 
rehabilitation 

Testosterone therapy in middle- 
late adolescence 


learning disability, or problems in school adjustment 
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Fig. 23.14: Note the (a) Facial dysmorphism: (ob and c) 
Overlapping of fingers In an Infant with trisomy 18 





Fig. 23.15: Note postaxial polydactyly and forehead 
hemangioma in an infant with trisomy 13 


SINGLE GENE DISORDERS 


Single gene disorders are inherited as autosomal 
dominant, autosomal recessive or X linked disorders, due 
to mutation(s) in the disease specific genes. Drawing and 
interpreting a pedigree is an integral part of diagnosis of 
single gene disorders, www.nature.com/scitable/content/ 
standard.symbols-5526 

Mutation refers to the heritable change in the DNA 
resulting in perturbed protein structure and function. 
There are three types of mutations: Single base substitution, 


deletions and insertions. 


Substitution or point mutations, the most common type, 
result in replacement of a single nucleotide by another 
that results in formation of same amino acid (silent 
mutation), altered amino acid (missense mutation) or 
generate a stop codon (nonsense mutation). 


Deletion mutations involve the loss of one or more 
nucleotides into a gene. If the deletion is a multiple of three 


base pair deletion, then it is an in frame deletion, whereas 
if the deleted nucleotides are not the multiple of three, it 
results in disruption of the reading frame, known as 
frameshift mutation (out-of-frame deletions). Large 
deletions cause partial or whole gene deletion. 


Insertion involves addition of one or more nucleotides 
into a gene. Frame shift mutations can also occur due to 
insertion of a nucleotide. 

Triplet repeat expansions are dynamic mutations that 
expand over generations and become unstable on 
expansion, e.g. fragile X syndrome, myotonic dystrophy. 


Autosomal Dominant Inheritance 


Generally, autosomal dominant mutations impair the 
synthesis of structural or non-enzyme proteins, e.g. 
Huntington chorea and connective tissue disorders. These 
disorders manifest even if only one of the alleles of the 
abnormal gene is affected. Autosomal dominant disorders 
are generally milder than autosomal recessive disorders. 
Physical examination of other siblings and parents should 
be done to uncover milder forms of the disorder. 
Homozygotes for the dominant mutant genes usually die 
prenatally, as in the case of the gene for achondroplasia. 
If the child is the only affected member, it is very likely 
that the observed mutation has occurred de novo and is 
not inherited. In such cases other siblings are not likely to 
be affected. However, one-half of the offspring of the 
affected individual are likely to inherit the disorder. New 
dominant gene mutations are more likely to occur, if the 
paternal age is high. Examples include neurofibromatosis, 
achondroplasia, Marfan syndrome and Crouzon disease. 
A typical pedigree and its characteristic features are shown 
in Fig. 23.16, 


Autosomal Recessive Inheritance 


Autosomal recessive disorders manifest only in 
homozygous state, ie. both the alleles are mutant genes. 
Generally, autosomal recessive mutations affect synthesis 
of enzyme, leading to inborn errors of metabolism. The 
parents of the affected individuals are apparently normal 
but carry the mutant genes. As they are heterozygous, the 
mutant recessive gene does not express itself in the 
phenotype. In such matings, one-fourth of the offspring 
are affected (homozygous for the mutant genes), one- 
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Fig. 23.16: Autosomal dominant Inheritance and Its 
characteristics 
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Fig. 23.17: Autosomal recessive inheritance and its 
characteristics, Carriers are indicated by partly shaded symbols 


fourth are normal (both normal alleles) and half are 
carriers (heterozygote with one mutant allele and one 
normal allele). A classical pedigree is shown in Fig. 23.17. 
Recessive disorders are common in consanguineous 
marriage or in closed communities. It is now possible to 
detect carrier status by biochemical and molecular 
techniques in a number of autosomal recessive disorders. 
Common examples of autosomal recessive disorders are 
beta-thalassemia, sickle cell disease, spinal muscular 
atrophy, phenylketonuria and galactosemia. 


X-Linked Recessive Inheritance 


Since in males, there is no corresponding locus for a 
mutant allele of the X chromosome on the shorter Y 
chromosome, the mutant X-linked recessive gene 
expresses as a clinical disorder in the male child because 
it is not suppressed by a normal allele. In the female, the 
disorder does not manifest clinically since the mutant gene 
is compensated for by the normal allele in the other X 
chromosome. Females thus act as carriers of the mutant 
allele. Half of their male children inherit the mutant allele 
and are affected. Figure 23.18 shows a family with X-linked 
recessive inheritance. It is now possible to detect carrier 
state in females in some disorders, e.g. hemophilia, 
Duchenne muscular dystrophy and mucopoly- 
saccharidosis type II (Hunter syndrome). Color blindness 
also has an X-linked recessive inheritance. 


X-Linked Dominant Inheritance 


Dominant X-linked conditions are rare. Both heterozygous 
female and hemizygous males are affected. All the sons 
of the affected males are normal and all daughters are 
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Fig. 23.18: X-linked recessive inheritance and its characteristics, 
Carers are indicated by bold dot in the center 














Fig. 23.19: X-linked dominant inheritance and its characteristics 


affected males are seldom born alive. Majority of patients 
are heterozygous females (Fig. 23.19), 


Mitochondrial Inheritance 


Mutations within a mitochondrial gene can lead to 
phenotypic defects and show a pattern of maternal genetic 
transmission, Since mitochondria are only present in 01 um 
and not sperms, the inheritance is maternal. All offsring 
of an affected female are affected. All affected dauciiters 
transmit the disease. Sons are affected but do not transmit 
the disease (Fig. 23.20). Examples include Leigh disease 


and mitochondrial encephalopathy, lactic acidosis and 
stroke (MELAS) like syndrome, 





affected. The affected females transmit the disease to half 
of the sons and half of the daughters, e.g. hypophospha- 
temic type of vitamin D resistant rickets, orofaciodigital ie ® 
syndrome and incontinentia pigmenti. In some cases, the 
effect of the mutant gene on development is severe, and 





Fig. 23.20; Mitochondrlal inheritance 
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Somatic Cell Genetic Disorders 


In somatic cell disorders, the defects are restricted to 
specific somatic cells, in contrast to previous four types of 
genetic diseases (chromosomal, single gene, polygenic and 
mitochondrial) in which the abnormality is present in all 
cells, including germ line cells. These include cancers 
See can arise due to genetic changes in somatic cells 
alone, 


Molecular Genetic Testing for Single Gene Disorders 


DNA probes can be made to detect specific base sequences 
in the DNA. The most fascinating technique in molecular 
genetics is the ability to form large number of copies of 
DNA sequences in a short time. For DNA, blood sample 
is collected in EDTA, however, DNA can be extracted from 
virtually any tissue. Amplification of DNA is possible with 
polymerase chain reaction (PCR). Molecular genetic 
testing includes like allele specific amplification and 
restriction fragment length polymorphism. DNA 
sequencing includes conventional Sanger sequencing and 
newer high throughput technologies that rely on 
determining the order of the nucleotide bases in the DNA 
sequence of interest. High-throughput sequencing or next 
generation sequencing technologies can run thousands 
or millions of sequences in parallel, are very sensitive and 
lower the cost of DNA sequencing, hence, next-generation 
sequencing is being increasingly used in making genetic 
diagnosis. However, the technique is not useful for 
aneuploidy, and chromosomal rearrangement and large 
deletions. The use of these advanced is limited by need 
for expertise in analysing bioinformatic data and in 
interpretation of findings in clinical context. Such 
advanced studies are an adjunct but do not replace clinical 
phenotyping and analysis based upon detailed history and 
examination. 


POLYGENIC INHERITANCE 


In several conditions, the affected individuals do not have 
a sharp division between the normal and the abnormal, 
but merely represent a spectrum of a continuously varying 
attribute. Such conditions are likely to be inherited by 
alterations in many gene loci, each of them individually 
having only a small effect. Many of these conditions are 
also affected by numerous environmental factors, 
individually of small effect. Examples of polygenic 
disorders are neural tube defect, cleft lip, cleft palate, 
Hirschsprung disease, congenital hypertrophic pyloric 
stenosis, diabetes mellitus, ischemic heart disease, 
hypertension and schizophrenia. 

In diseases with multifactorial etiology, the risk to 
progeny and siblings is higher if the malformation is 
severe, because a severe malformation is a bigger deviation 
from the normal, e.g. the risk of recurrence of 
Hirschsprung disease is higher if the aganglionic segment 
of the colon is longer. When these diseases have a marked 
sex predilection, the risk of recurrence in the family is 
higher if the index patient belongs to the less often affected 
sex. This is so, because the mutant genes are likely to be 
more severe so as to produce the disease in the sex with 
an inherent resistance to the disease. The usual risk of 
recurrence for malformations caused by a polygenic or 
multifactorial cause is 2-5%, 


THERAPY FOR GENETIC DISORDERS 


While genetic disorders cannot be cured completely, 
symptoms may be ameliorated and irreversible damage 
or handicap prevented or reduced through several 
therapeutic approaches (Table 23.3). 


Specific diets: Metabolic manipulation involves diet 
modification with or without drugs to reduce the substrate 


= Table 23.3: Strategies for the therapy of genetic disorders 
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Intervention 
Metabolic manipulation 


Provide deficient protein 
Avoid precipitating factors, drugs 


Promote excretion or removal of 
toxic substances 

Augmenting enzymes 

Stem cell transplantation 


Organ transplantation (organ) 
Remove diseased organ 


Molecular targeted therapies 
Supportive, symptomatic care 


Examples 

Diet to reduce substrate accumulation (most inborn errors of metabolism); substrate reduction 
(lysosomal storage disorders) 

Hemophilia A and B; alpha-1 antitrypsin deficiency; growth hormone deficiency; lysosomal 
storage disorders 

Oxidants (glucose-6-phosphate dehydrogenase deficiency); avoid fasting in fatty acid 
oxidation defects and glycogen storage disorders 

Penicillamine (Wilson disease); deferiprone (thalassemia); sodium benzoate 
(hyperammonemia); nitisinone (tyrosinemia) 

Phenobarbitone (Crigler-Najjar syndrome); pyridoxine (homocystinuria) 

Thalassemia major; severe form of Hurler syndrome 

Specific malformations; maple syrup urine disease (liver or liver—kidney); polycystic kidney 
disease (kidney); cardiomyopathies (heart) 

Multiple endocrine neoplasia type || (thyroid); hereditary spherocytosis (spleen) 

Cystic fibrosis 

Osteogenesis imperfecta and hemophilia (avoiding trauma); xeroderma pigmentosa (avoid 
sun exposure); Cardiac conduction defects (pacemaker) 
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and is used mainly for metabolic disorders. The intake of 
substances which cannot be metabolized by the body 
should be reduced, especially if their accumulation is 
potentially toxic, e.g. in galactosemia, galactose cannot be 
metabolized adequately. As lactose in the milk is 
hydrolyzed in the body to glucose and galactose, milk in 
the diet of the affected infant is substituted by lactose free 
dietary formulae to obviate damage due to excess of 
galactose in tissues. The phenylketonuric infants placed 
on restricted phenylalanine in the diet may escape 
irreversible neurological damage. 


Providing deficient proteins: Deficiency of the metabolic 
end product is managed by its replacement. Thus, 
thyroxine restores the thyroid function in familial 
hypothyroidism; cortisone suppresses excess ACTH 
production and androgen synthesis in adrenogenital 
syndrome and administration of factor VIII/IX prevents 
bleeding in cases of hemophilia. Enzyme replacement 
therapy, although expensive, has become feasible with the 
availability of deficient enzymes for Gaucher disease, 
Hurler syndrome, Hunter syndrome, mucopoly- 
saccharidosis type VI, Fabry disease, MPS IV and Pompe 
disease. 


Promoting excretion of toxic substances: The excretion of 
certain metabolites can be promoted by chelating agents, 
e.g. penicillamine promotes excretion of copper in patients 
with Wilson disease and desferrioxamine is used to chelate 
iron in patients with thalassemia and hemochromatosis. 


Augmenting enzymes: Certain enzyme systems, which 
may be immature or reduced at certain phases of life may 
be induced or stabilized by the use of chemical agents. 
Phenobarbitone is used to induce hepatic microsomal 
enzymes like glucurony] transferase in cases of neonatal 
hyperbilirubinemia or Crigler-Najjar syndrome. In some 
metabolic disorders, enzymatic block can be bypassed by 
administration of large quantities of the coenzyme, e.g. 
pyridoxine in homocystinuria. 


Avoid precipitating factors and drugs: Certain drugs, 
which precipitate adverse symptoms in metabolic 
disorders, such as barbiturates in porphyria and oxidating 
agents in glucose-6-phosphate dehydrogenase deficiency, 
should not be given to affected patients. 

Stem cell transplantation is recommended for many 
genetic disorders like thalassemia major, severe Hurler 
syndrome and some primary immunodeficiencies. 

Surgery helps to reduce the functional or cosmetic 
disability in some structural defects, e.g. removing the 
spleen in hereditary spherocytosis. Solid organ transplan- 
tation, of liver, kidney and heart, is available across India. 
Conditions where transplantation may be useful include 
ornithine transcarbamylase deficiency, maple syrup urine 
disease, cardiomyopathies and polycystic kidney disease. 


Supportive care: Patients with hemophilia and osteogenesis 
imperfecta should be protected from trauma and other 
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environmental hazards to prevent excessive bleeding ang 
fractures, respectively. Supportive care includes physica] 
therapy, stimulation and rehabilitation. Bisphosphonate 
therapy has been found useful in patients with osteogenesj, 
imperfecta by reducing osteoclastic activity. 

Targeted therapies for certain disorders, e.g. cystic 
fibrosis with specific mutations (Ivacaftor for G551D ang 
Lumacaftor for delta F508del CFTR mutations) and 
hematological cancers (imatinib for chronic myeloid 
leukemia) have paved the way for research for several] 
genetic and somatic disorders. 

Gene therapy is possible in patients with adenosine 
deaminase deficiency, familial hypercholesterolemia and 
some cancers. The normal gene is introduced in affected 
individuals using viral or nonviral vectors. 


PREVENTION OF GENETIC DISORDERS 


Carrier Screening 

It is now possible to detect the carrier state in a large 
number of autosomal recessive or X-linked recessive 
disorders. HbA2 levels are highly useful in identifying 
carriers of thalassemia trait pre-pregnancy or early in 
pregnancy. In India ideally all partners should be tested 
for beta-thalassemia carrier status as the condition is very 
common in North India. Female carriers of Duchenne 
muscular dystrophy may show high serum levels of the 
enzyme creatinine phosphokinase, but can be tested more 
precisely using molecular techniques. Such techniques are 
increasingly used for detection of individuals who are 
likely to give birth to offspring with hereditary disorders. 


Newborn Screening 


This is an example of secondary prevention by early 
diagnosis and treatment. Newborn infants are screened 
routinely for some endocrine disorders and inborn errors 
of metabolism in developed countries. This is of special 
value for detecting affected cases in the newborn period, 
so that handicap can be prevented or minimized by early 
treatment, e.g. congenital hypothyroidism, congenital 
adrenal hyperplasia, phenylketonuria, galactosemia and 
tyrosinemia. 


Prevention of Neural Tube Defects 


Folic acid supplementation is recommended at a dose of 
0.4 mg daily from 1 month before to 3 months after 
conception to prevent neural tube defects. Expectant 
mothers at high-risk of such defects (e.g. previous fetus 
with neural tube defects) should consume 4 mg of folic 
acid daily to prevent recurrence. 


Maternal Serum Screening 

Estimation of pregnancy associated plasma protein A 
(PAPP-A) and free human chorionic gonadotropin (hCG) 
in the first trimester and serum alpha-fetoprotein, hC& 
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unconjugated estriol and inhibin A in second trimester 
are useful biochemical markers to detect aneuploidies. If 
the risk of bearing a child with Down syndrome is more 
than 1:250, prenatal feta] karyotyping can be offered. Fetal 
ultrasonography helps to detect fetuses at high-risk for 
chromosomal abnormalities. Findings in the second 
trimester which suggest Down syndrome are increased 
nuchal fold thickness, short femur and humerus length 
and duodenal atresia. In the first trimester, nuchal 
translucency and nasal bone are robust markers. 
Alpha-fetoprotein and estriol are low, whereas hCG is 
high, in pregnancies with Down syndrome fetuses. The 
detection rate of Down syndrome by triple test in the 
second trimester is about 65% with a false positive rate of 
5%. All three markers are reduced in fetuses with 
trisomy 18. Ultrasound findings help in counseling, 
particularly if the parents have opted for initial screening 
with maternal serum markers. First trimester screening 
using dual markers has high detection rates, which 
improves further if ultrasound markers are combined. 
Elevated maternal serum alpha-fetoprotein level is a 
sensitive marker for fetuses with open neural tube defects. 


Prenatal Diagnosis and Selective Termination of 
Affected Fetuses 


This is a successfully used modality for preventing birth 
of affected babies and reducing the load of lethal, 
chronically disabling, untreatable or difficult-to-treat 
genetic disorders in the community. Non-invasive 
prenatal screening (NIPS) is also being used for screening 
high risk pregnancies for aneuploidies. This NGS-based 
technique evaluates mother’s blood for common fetal 
aneuploidies after 10 weeks of gastation and has negative 
predictive value of 98-99%. Positive tests would need 
confirmation by invasive testing. 


Invasive Prenatal Testing 


This includes chorionic villus biopsy (at or after 10-12 
weeks gestation), amniocentesis (16-20 weeks) and cord 
blood sampling (after 18 weeks). Procedure related risk is 
lowest with amniocentesis (~0.5%), while chorionic villus 
biopsy has a risk of fetal loss in about 1%. These samples 
can be used for chromosomal studies, DNA based tests or 
enzyme assays. Amniotic fluid is the preferred sample for 
chromosomal studies and chorionic villus tissue for DNA 





based tests. Single gene disorders, e.g. thalassemia, sickle 
cell anemia, hemophilia, Duchenne muscular dystrophy 
and cystic fibrosis can be diagnosed prenatally. 


Genetic Counseling 


Genetic counseling is a communication process, which 
deals with problems associated with occurrence and 
recurrence of a genetic disorder ina family. It is the process 
by which patients or relatives are advised of the risk of 
transmission, occurrence and consequences of the 
disorder, and how this can be ameliorated or prevented. 
Genetic counseling is an important component of 
management of genetic disorders, since definitive therapy 
is not available for most cases. 
The objectives of genetic counseling are: 
¢ To provide information about the disease to the 
individual and the family 
¢ Help the individual or family to choose a course of 
action that seems appropriate in view of disease risk, 
family goals, and ethical and religious standards 
¢ To make the best possible adjustment to the illness in 
an affected family member, and risk of recurrence. 
Counseling should be undertaken by a physician with 
proper understanding of the genetic mechanisms. 
Indications for genetic counseling include: (i) Known or 
suspected hereditary disease in a patient/family; (ii) birth 
defects in previous children; (iii) unexplained mental 
retardation, dysmorphism, multiple malformations; 
(iv) consanguinity; (v) exposure to a teratogen during 
pregnancy; and (vi) identification of malformation(s) by 
ultrasonography during pregnancy. 
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Inbom Errors of Metabolism 


Inborn errors of metabolism (IEM) are conditions caused 
by the genetic errors related to synthesis, metabolism, 
transport or storage of biochemical compounds. The 
metabolic error usually results in the accumulation or 
deficiency of a specific metabolite. These disorders are 
individually rare, but collectively common, and manifest 
at any time from the fetal life to old age. Early recognition 
of signs and symptoms, prompt evaluation and 
management results in optimal outcome. 


Classification 


Intoxication group includes disorders of intermediary 
metabolism, with accumulation of toxic compounds 
resulting in acute or progressive symptoms. Amino- 
acidopathies (e.g. phenylketonuria, maple syrup urine 
disease), organic acidurias, urea cycle defects, disorders 
of carbohydrate and copper metabolism and porphyrias 
belong to this category. Symptoms are precipitated by 


catabolic state (fever, infections, immunization, 
dehydration or fasting). 


Defects of energy metabolism include conditions with 
deficient energy production or utilization within liver, 
muscle, heart and brain, e.g. mitochondrial disorders, 
disorders of glycolysis, glycogen metabolism and 
gluconeogenesis, and hyperinsulinism. Failure to thrive, 
hypoglycemia with high lactate, hepatomegaly, 
hypotonia, cardiomyopathy, myopathy, neurological 
symptoms and circulatory collapse may occur. 


Disorders of complex molecules include lysosomal storage 
diseases, peroxisomal disorders, a1-antitrypsin deficiency 
and congenital disorders of glycosylation. Symptoms are 
progressive and permanent and do not have precipitating 
factors. Most disorders have multisystem involvement. 
Common features include developmental delay, 
organomegaly, coarse facies and arthropathy. 

The onset of illness in the intoxication group and in 
defects of energy metabolism is often sudden, with 
nonspecific physical findings. The course may be recurrent 
and episodic, and response to supportive therapy is rapid. 
In disorders of complex molecules, the onset is gradual 
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with slow progression. They usually have characteristic 
findings that enable a specific clinical diagnosis. 


Clinical Suspicion 


The diagnosis of IEM is often delayed, and requires a high 
index of suspicion. Symptoms are often nonspecific, 
leading to evaluation for other disorders. Clues that 
suggest the presence of an JEM are listed in Table 24.1. 


Table 24.1: Clinical clues suggessting IEM 
Neonates 


Unexpected deterioration after normal initial period 


Nonspecific, unexplained features such as poor feeding, 
lethargy, vomiting, hypotonia, failure to thrive, respiratory 
abnormalities, apnea, bradycardia and hypothermia 
Children 


Sudden and rapid illness in a previously well child precipiiated 
by fever, infection or fasting 

Acute encephalopathy; previous similar episodes 

Recurrent coma, stroke, ataxia, cramps 

Worsening with intercurrent febrile illness 

History of aversion to sweets, high protein 

Developmental regression 


Facial dysmorphism, structural anomalies of brain, cataract, 
retinopathy, deafness cardiomyopathy, hepatomegaly, 
myopathy 

Peculiar odor (musty in phenylketonuria; cabbage like in 
tyrosinemia; maple syrup like in maple syrup urine disease: 
sweaty feet in isovaleric acidemia or glutaric acidemia type |; 
cat urine in multiple carboxylase deficiency) 

Persistent or recurrent hypoglycemia, intractable metabolic 
acidosis, hyperammonemia, hyperkalemia 

Reye syndrome like illness 

E. coli sepsis 


Others 
Family history of similar illness, unexplained sib deaths, oF 
progressive neurological disease 


Parental consanguinity: Most acutely presenting metabolic 
disorders are autosomal recessive. 


Inborn Errors of Metabolism 


ACUTE PRESENTATION 


Neonates with metabolic disorders are usually normal at 
birth since the smalf intermediary metabolites are 
eliminated by the placenta during fetal life. Disorders of 
glucose, protein and fat breakdown usually present early; 
premature neonates with transient hyperammonemia of 
newborn (THAN) and term babies with glutaric acidemia 
type II or pyruvate carboxylase deficiency may present 
on the first day of life. Early onset of symptoms is 
associated with severe disease. An important clue to 
diagnosis 16 unexpected deterioration after normal initial 
period ina full term baby. Neonates with organic aciduria, 
urea cycle disorders and some aminoacidurias may 
present with lethargy, poor feeding, persistent vomiting, 
mizures, tachypnea, floppiness and body or urine odor. 
Conditions such as sepsis, hypoxic ischemic 
encephalopathy and hypoglycemia should be excluded. 
Older children show acute unexplained, recurrent 
episodes of altered sensorium, vomiting, lethargy 
progressing to coma, stroke or stroke-like episodes, ataxia, 
psychiatric features, exercise intolerance, abdominal pain, 
quadriparesis or arrhythmias (Table 24.1). The symptom 
free period may be prolonged, often longer than 1 year and 
patients are normal in between the episodes. Intercurrent 
illnesses, high protein intake, exercise, fasting and drug 
intake may precipitate symptoms. Encephalopathy occurs 
with litthe warning in previously healthy individuals, 
progresses rapidly, may be recurrent and is not associated 
with neurological deficits. Physical examination shows 
altered sensorium, apnea or hyperpnea and hypotonia. 





Laboratory Investigations 


Metabolic screening includes measurement of blood levels 
of glucose, electrolytes, lactate, pH, bicarbonate and 
ammonia, During neonatal period, ammonia levels are 
<200 g/dL; subsequently levels <80 pg/dL are considered 





normal. In urea cycle disorders, ammonia levels usually 
exceed 1000 pg/dL and cause respiratory alkalosis with 
compensatory metabolic acidosis. In organic acidurias, 
ammonia levels are <500 pg/dL and in fatty acid oxidation 
defects <250 pg/dL. 

Urine metabolic screen includes pH, ketones and 
reducing substances. Urine is examined by ferric chloride, 
dinitrophenylhydrazine and nitroprusside tests for PKU, 
organic aciduria/maple syrup urine disease and 
homocystinuria, respectively. Biochemical screening may 
be normal in asymptomatic patients. 

Specialized tests such as quantitative plasma amino 
acids analysis by high performance liquid chromato- 
graphy (HPLC), acylcarnitine profile on plasma or dried 
blood spot by tandem mass spectrometry (TMS) and 
urinary organic acids by gas chromatography and mass 
spectrometry (GCMS) help in reaching a diagnosis. Urine 
samples should be obtained during the acute phase of 
illness and frozen at —20°C. It is advisable to provide 
details about drugs, diet and fluids given to the patient 
while ordering these tests. A pretransfusion sample is 
preferred, if blood transfusion is planned. All samples 
should be promptly transported to the lab. Examinations 
of cerebrospinal fluid, chest X-ray, echocardiography, 
ultrasound abdomen, computed tomography and 
magnetic resonance imaging of the head and 
electroencephalogram (EEG) are required in specific cases. 

Based upon the abnormalities on basic metabolic 
screening, acutely presenting IEMs are classified into five 
major categories: Aminoacidopathies, organic acidemia, 
urea cycle disorders, mitochondrial disorders and fatty 
acid oxidation defects (Table 24.2), Figure 24.1 describes 
the initial approach in such patients. 


Biochemical Autopsy 


In a severely ill or dying child with suspected but 
undiagnosed IEM, parents should be advised of the need 


I di ay wl Table 24.2: Differential diagnosis of metabolic disorders with acute presentation 7 


Diagnosis Acidosis Ketosis Plasma 
lactate 

Aminoacidopathies + + N 

Organic +++ + ' 

acidemla 

Mitochondrial ++ + TTT 

disorders 

Urea cycle N N N 

disorders 

Fatty acid + N + 


oxidation defects, 
glycogen storage 
disorders 


Plasma NH, Plasma Special test 


glucose 
N N/L Blood spot for TMS and 
plasma/urine amino acid; 
mutation analysis 
TT LL Blood spot for TMS and 
urine GCMS; mutation analysis 
N N Lactate: pyruvate ratio, blood 
spot for TMS, urine GCMS, 
muscle biopsy; mutation analysis 
TTT N Plasma amino acid, urine GCMS, 
urine orotic acid; mutation analysis 
T Ab Blood spot for TMS for 


acylcarnitines and urine organic 
acid; mutation analysis 


GCMS: Gas chromatography and mass spectrometry; TMS: Tandem mass spectrometry 
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High 


Plasma amonia 
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Normal 


| Blood pH, HCO; and anion gap 


No acidosis 





No acidosis 





High lactate High lactate Normal lactate 
ee Hypoglycemia Normoglycemia Blood sugar N/L 
With or without ketosis| | Ketosis Ketosis 





ye Multiple ca 
type 1 deficiency — 


Hereditary fructose 
intolerance 








‘Table 24.3: Specimens taken in critically sick children with ° 
_undiagnosed IEM 


Clinical photograph and infantogram 


Blood: 5 mL in heparin, separated and stored at —-70°C; 5-10 mL 
EDTA blood (leukocytes), refrigerated and not frozen; few blood 
spots on filter paper (acyl carnitine analysis) 


Urine: 5-10 mL frozen in plain sterile tubes 


Cerebrospinal fluid: 3-5 mL in 1-2 aliquots frozen and stored 
at -70°C 


Skin biopsy: ~3 mm diameter skin (include dermis) from the 
flexor aspect of the forearm or anterior aspect of thigh. Store 
at 37°C or refrigerate (not freeze) in culture medium or saline 
with glucose. 

Liver, muscle, kidney, heart biopsy: At least two tissue biopsies 


of about 1 mm%, one immediately frozen in liquid nitrogen and 
other in the glutaraldehyde 


for a biochemical autopsy for confirmation of diagnosis 
(Table 24.3). Specimens should be obtained before or 
within 1 to 2 hours of death to facilitate diagnosis. 


Principles of Management 


Specific treatment is directed towards reversing the basic 
pathophysiological process causing the disease. It 
includes reduction of substrate accumulation for a 
deficient enzyme, reduce accumulated toxic metabolites, 
supplement metabolites, replace deficient enzyme or 
enhance residual enzyme activity (Fig. 24.2). Treatment 
is symptomatic, supportive and often instituted 
empirically. 

i. Eliminate dietary or parenteral intake of potentially 

toxic agents (e.g. protein, fat, galactose, fructose). 





Respiratory chain or © 
mitochondrial defects 
Organic aciduria 





Aminoz cidopat ies 
onketotic yperglycinemia 

Galactosemia 

Peroxisomal disorders 





Fig. 24.1: Approach to a case with a suspected metabolic disorder. N: normal! 


ii. Provide adequate calories (0.2% saline in 10% dextrose 
IV); intralipids (2-3 g/kg/day) may be infused if fatty 
acid oxidation defect is not suspected. 

iii. Correct metabolic acidosis, dehydration and electrolyte 
imbalance. Treat intercurrent illness, if any. 

iv. Enhance excretion of toxic metabolites. Immediate 
measures to reduce blood ammonia are necessary as 
the risk for irreversible brain damage is related to its 
concentration. IV phenylacetate and sodium benzoate 
with L-arginine (Table 24.4) are used as detoxifying 
agents, in urea cycle defects and organic acidemias. 
Dialysis is initiated if plasma ammonia levels >500- 
600 g/dL, or if levels do not fall within 2 hours after 
initiation of IV treatment. Hemodialysis is preferred 
to peritoneal dialysis and exchange transfusion. 
Carnitine eliminates organic acids as carnitine esters, 
and is used in life-threatening situations associated 
with its deficiency, at a dose of 25-50 mg/kg IV over 
2-3 minutes, followed by 25-100 mg/kg/day orally. 
L-carnitine should not be administered with sodium 
benzoate. Intractable seizures without metabolic 
acidosis or hyperammonemia are treated with 
pyridoxine 100-200 mg IV. 

v. Empiric cofactor or coenzyme therapy may be 
administered (Table 24.5) to maximize residual enzyme 
activity. Long-term adherence to dietary and 
pharmacologic regimen is recommended. Prompt 
recognition and avoidance of physiologic stresses 
(fever, infection, trauma, surgery, fasting) and changes 
in diet that may precipitate symptoms is important in 
preventing metabolic decompensation. 

vi. If clinical improvement is observed and a final diagnosis 
is not yet established, some amino acid intake is provided 
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rovide metabolites 
Diet, drugs 






«J 


Deficient 
enzyme 
| Attemate metabolites; accumulation of toxic metabolites | 


Fig. 24.2: Effect of deficient enzyme (F] on A. B and C of an affected patnway (lower panel) and different therapeutic modalifies 


————— — 


Table 24.4: Management of hyperammonemia 





Drug Loading dose Maintenance dose , f 
Sodium benzoate and/or 250 mg/kg 250-500 mg/kg in 24 hours (2.5 mL/kg /24 h) 
sodium phenyilacetate (2.5 mL/kg) IV in 10% glucose over 2 hours IV as continuous infusion 

L-Arginine” 600 mg/kg (6 mL/kg) IV in 10% glucose over 2 hours 600 mg/kg/d IV as continuous infusion 

IV: Intravenous 


“Arginine HCI dese can be decreased to 200 mg‘kg for carbamyi phosphate synthetase (CPS) or ornithine transcarbamylase (OTC) deficiency 


—- 


Table 24.5: Cofactor and adjunctive therapy 


Disorder Oral cofactor/adjunctive therapy Dosage (oral) 
Maple syrup urine disease Thiamine 10-15 ma/d 
Methylmalonic acidemia Vitamine B,. 1 mg/d 
L-camitine 50-100 mg/kg/d 
Metronidazole 7.5-20 mg/kg once daily 
Propionic acidemia L-camitine 50-100 mg/kg/d 
Metronidazole 10-20 ma/kg/d 
lsovaleric acidemia L-carnitine 50-100 mg/kg/d 
Glycine 150 mg/kg/d 
Multiple carboxylase deficiency Biotin 5-20 mg/d 


after 2-3 days of complete protein restriction. Essential organomegaly, coarse facies, cataract, dislocated lens, 
amino acids or total protein is provided orally orIV (begin _— chronic skin lesions, abnormal hair or urine color, and 
at 0.5 g/kg/day, increased to 1-1.5 g/kg/day) until _ failure to thrive are useful clues. These forms are divided 
diagnostic evaluation is complete. Appropriate amino _ into subgroups depending upon the involvement of 
acid formula (free of precursor amino acids) or protein _ specific system (Fig. 24.3). 
free infant formula with breast milk is introduced with Neurologic findings are developmental delay or 
clinical and laboratory monitoring. Expressed human progressive psychomotor retardation, seizures, ataxia, 
milk is preferred as it can be measured and total protein spasticity, variable hearing and visual impairment, and 
intake can be quantified. extrapyramidal symptoms. Psychomotor or developmental 
CHRONIC AND PROGRESSIVE PRESENTATION delay is the chief manifestation and tends to be global and 
; progressive; regression of milestones may be present. 
This group of disorders is characterized by variable but Severe irritability, impulsivity, aggressiveness, 
insidious onset from birth to adulthood. Unexplained hyperactivity and abnormal behavior (automatism, 
developmental delay with or without seizures, stereotypes, compulsive chewing of thumbs and fingers, 
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Chronic encephalopathy 
FS onc Ot a: ¢] ion : 





Sciee 
Neurological signs 
































Yes No 
Gray matter disease | White matter disease soe | Rr ; anges In skin ¢ 
Semnires | Motor difficulties w ae ae ukeehere rle Changesin skin & | 
Impaired vision Tone abnormalities ner " 7 || disordors om ocyetinurla 
Genenta Niemann-Pick disease |" | Mankos disonsa 
Mucopolysaccharidoses Fucosidosls 
types |, Il, Ill, VII Galacloslalidosis 


Pyridoxi 
Pp: 


beet 





GM1 gangliosidosis 
Sialidosis II 
Zellweger syndrome 


: , ; s e 
gangliosidosis (late), 







Neuronal ce 

GM2 gangliosidosis (early onset) 
Mitochondrial, e.g. Leigh disease, 
MELAS 





_adrenoleukodystrophy, 

-aminoacidopathies, organic aciduria 

Central and peripheral: Metachromatic 
leukodystrophy, Krabbe disease, 
peroxisomal disorders 









Fig. 24.3: Initial approach to a chronic encephalopathy. MLD metachromatic leukodystrophy; NCL neuronal cerold lipofuscinosls; 
NPD Niemann-Pick disease; MPS mucopolysaccharidoses. Modified from: Clarke JTR. A clinlal guide to Inherited metabolic disease 
(Reference 1) 





self-mutilation, nocturnal restlessness) are common. Hepatic presentations include presence of un- 
Complex partial or myoclonic seizures occur early in conjugated or conjugated jaundice, hypoglycemia and 
course of the disease and are often resistant to therapy. hepatomegaly with or without hepatocellular dysfunction, 
Differentiating between predominant involvementofgrey — Deranged lipid profile is seen in GSD types I and III, and 
and white matter helps in narrowing the diagnosis _hepatosplenomegaly in lysosomal storage disorders. 
(Table 24.6). Movement disorders are intermittent or — Hepatocellular dysfunction is seen in galactosemia, GSD 
progressive, in form of ataxia, dystonia, choreoathetosis [JV and III, Niemann-Pick type B and «,-antitrypsin 
and Parkinsonism. Underlying conditions include late deficiency. Disorders leading to cirrhosis include 
onset organic aciduria, neuronal ceroid lipofuscinosisand _tyrosinemia, galactosemia, hereditary fructose intolerance 
lysosomal storage disorders. and Wilson disease. 

Muscular disorders presenting with myopathy are 
usually due to defects in energy metabolism. Myopathy 
may be progressive (glycogen storage disease, GSD types 
II and III), exercise intolerance with cramps and 
myoglobinuria (GSD V, VI) or part of multisystem disease 
(mitochondrial myopathies). 


Cardiac manifestations may occur in fatty acid 
oxidation defects, mitochondrial disorders, GSD type II, 
methylmalonic acidemia, Fabry disease, Kearns-Sayre 
syndrome, familial hypercholesterolemia, mucopoly- 
saccharidoses and GM1 gangliosidosis. 


rrorceY ou” gg 


Table 24.6: Differentiating features of gray matter and white matter disorders 


Clinical features Gray matter disease (poliodystrophy) White matter disease (leukodystrophy) 
Age of onset Early Usually late (childhood) 

Head size Microcephaly (more common) May have macrocephaly 

Seizures Early, severe Late, uncommon 

Cognitive functions Progressive decline Initially normal 

Spasticity At a later stage Early, severe 

Reflexes Normal or brisk Absent (neuropathy) or brisk (long tracts involved) 
Eye Retinal degeneration Optic atrophy, cataract, cherry red spot 
Peripheral neuropathy Late Early demyelination 

Electromyography Usually normal Slowed nerve conduction velocity 
Evoked potentials (VEP) Usually normal Prolonged or absent 
Electroretinography Abnormal Normal 


MRI brain Cerebral atrophy mainly White matter involvement (demyelination, dysmyelination) 


Inborn Errors of Metabollaem 


Dysmorphic features are present in Zellweger 
syndrome, glutaric aciduria type 2 and storage syndromes, 
Renal manifestations are seen in patients with 
cystinosis, galactosemia, hereditary fructose Intolerance 
and tyrosinemia (renal tubular acidosis); progressive renal 


failure is common in cystinosis. Enlarged kidneys are seen 
in patients with GSD type I. 


Ocular findings may be useful in ascertaining a 
diagnosis. Presence of cataract(s) suggests galactosemia, 
peroxisomal disorders, Lowe syndrome and Wilson 
disease; lens dislocation is seen in homocystinuria, Corneal 
abnormalities are seen in mucopolysaccharidoses, Wilson 
disease and Fabry disease. Cherry-red spots are found in 
various lysosomal storage diseases (Tay-Sachs disease, 
GM1 gangliosidosis and Niemann-Pick disease). Skin may 
show an eczematous rash associated with alopecia in 
biotinidase deficiency. Angiokeratoma are characteristic 
of Fabry disease, but are also seen in fucosidosis and 
B-mannosidosis. 


Laboratory Investigations 


Investigations include complete hemogram, liver and 
renal function tests and electrolytes. Anemia and 
thrombocytopenia are important features of Gaucher 
disease; pancytopenia may be seen in propionic and 
methylmalonic acidemia. Peripheral smear may show 
vacuolated lymphocytes in neuronal ceroid lipofuscinosis, 
fucosidosis and sialidosis; acanthocytosis in abetalipo- 
proteinemia and Hallervorden Spatz disease. Adrenal 
insufficiency is frequent in patients with adreno- 
leukodystrophy. Metabolic acidosis with proximal tubular 
dysfunction is present in patients with Lowe syndrome, 
cystinosis, Wilson disease and galactosemia. Neuro- 
imaging, electrophysiological studies and skeletal survey 
are useful for various neurodegenerative and storage 
disorders. 

Bone marrow aspirate is useful to rule out specific 
storage disorders. Enzyme assays for various storage 
disorders are now available and provide definitive 
diagnosis. Estimation of plasma levels of lactate, ammonia, 
very long chain fatty acids and amino acids are useful in 
certain cases. DNA molecular testing is the most specific 
form of diagnostic testing and is useful for prenatal 


diagnosis. 


Management 


A multidisciplinary team of metabolic specialists, pediatric 
neurologists, clinical geneticist, cardiologist, orthopedic 
surgeon and physiotherapist is required to pes the 
supportive care in these patients. Supply of de ee 
enzyme (enzyme replacement), enhancing resi ual 
enzyme activity through cofactor and eth 
therapy (enzyme enhancement/organ transP antation), or 
reduction of substrate accumulation (substrate reduction) 


are available for these disorders (Fig. 24-2): 


Since most IEMs are inherited in an autosomal recessive 
manner, the risk of recurrence in subsequent pregnancies 
1g 25%, Pew disorders show X-linked, autowornal dominant 
and mitochondrial inheritance, Prenatal diagnosis is 
possible by enzyme assays or mutation testing on fetal 
DNA, obtained through amniotic fluid or chorionic villus 
blopsy (Chapter 22), 


Specific Disorders 


Aminoacidopathies do not show a common phenotype 
bul may have unique features (Table 24.7). Table 24.8 
briefly describes urea cycle disorders and organic 
acidemias, Figures 24.5 and 24.6 indicate the enzymatic 
defects and an algorithmic approach to the diagnosis. 


Defects of Carbohydrate Metabolism 


These disorders include galactosemia, hereditary fructose 
intolerance and glycogen storage disorders. Major features 
include hypoglycemia, liver dysfunction with or without 
skeletal and/or cardiac muscle involvement. 


Galactosemila 


There are three disorders of galactose metabolism 
(Fig. 24.8), but it is the deficiency of the enzyme galactose- 
1-phosphate uridyltransferase (GALT), that is referred to 
as classical galactosemia. Deficiency of GALT results in 
accumulation of galactose-1-phosphate and other 
metabolites (e.g. galactitol) that have toxic effects on the 
liver and other organs. 


Patients are normal at birth, but by 3-4 days of breast 
milk or formula feeding show life-threatening disease with 
vomiting, diarrhea and poor weight gain. Jaundice and 
liver dysfunction are progressive and appear at the end 
of first or second weck of life. The disease may present 
initially with indirect hyperbilirubinemia due to hemolysis 
secondary to high levels of galactose-1-phosphate in 
erythrocytes. Many affected infants die of E. coli sepsis in 
the neonatal period. Untreated infants, if surviving the 
neonatal period, have persistent liver disease, cataracts 
and mental retardation. Acute galactose toxicity may 
rarely cause chiefly neurologic symptoms. Proximal renal 
tubular disease presents with metabolic acidosis, 
galactosuria, glucosuria and aminoaciduria (Fanconi 
syndrome). 


The diagnosis is confirmed by either enzyme or specific 
mutational analysis. A negative urine dipstick by glucose 
oxidase method with positive Benedict reaction indicates 
non-glucose reducing substances, e.g. galactose or 
fructose. A negative test does not eliminate the possibility, 
especially if the patient has received IV glucose for more 
than a few hours. 


Management: If the diagnosis is suspected, whether or not 
urinary reducing substances are found, galactose- 
containing feedings should be discontinued and replaced 
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Disorder 


Phenylketonuria 
Autosomal recessive 


Maple syrup urine 
disease (MSUD) 
autosomal 
recessive 


Hepatorenal 
tyrosinemia type 1 
Autosomal recessive 





Homocystinurla 
Autosomal recessive 


Alkaptonuria 
Autosomal recessive 


by soy based or lactose free formula pending results of 
confirmatory enzyme assay or genetic studies. Galactose 


Defect 

Deficient phenyla- 
lanine hydroxylase; 
encoded by PAH 


Low activity of 
branched chain 
alpha ketoacid 
dehydrogenase 
complex 
Mutations: 
BCKDHA; 
BCKDHB; DBT 


Deficient fumaryl- 
acetoacetate 
hydrolase, 
encoded by FAH 


Deficient 
cystathionine 
B-synthase; 
encoded by 
CBS 


Deficient 
homogentisate 
1,2-dioxygenase 


Essentlal Pediatrics 


Table 24.7: Common aminoacidopathles 


Clinical features 


Profound, irreversible intellectual 
disability, microcephaly, epilepsy, 
behavioral problems 

Musty body odor; eczema; reduced 
skin, hair and eye pigmentation 
(Fig. 24.4) 

Neonates: Poor feéding, ketonuria, 
irritability, drowsiness; progressive 
encephalopathy; apnea, hypertonia 
Typical urine smell by 5—7 days 
Chronic forms: Developmental 
delay, seizures, failure to 

thrive, sleep disturbances, mood 
swings, movement disorders 


Infants: Vomiting, diarrhea, 
hypoglycemia, hepatomegaly, 
jaundice, ascites 

Repeated neurologic 

crises; change in mental status, 
peripheral neuropathy 

Death occurs <10 years from liver 
failure or cancer, neurologic crisis 


Manifestation after 3-4 years of age 


Developmental delay, seizures, 


psychiatric problems, extrapyramidal 


signs, marfanoid, osteoporosis 
Ectopia lentis by 8 years; myopia 
Thromboembolism a cause 

of early death and morbidity 


Urine turns brown black on 
standing; staining of diapers 

Grey discoloration of sclera, 

ear and nose cartilage (ochronosis) 
after 30 years 

Arthritis of shoulders, hips 

Renal stones 


Diagnosis, treatment 


Plasma phenylalanine >1000 pmol/L 
Enzymatic; genetic testing 

Restrict dietary phenylalanine; aim 

for levels 120-360 pmol/L 

Adjuvant therapy with 

tetrahydrobiopterin (7-20 mg/kg/day) 
DNPH (2,4-dinitrophenylhydrazine) detects 
ketonuria (yellow white precipitate due to 
branched chain ketoacids) 

Elevated plasma leucine, isoleucine, valine 
Confirmation by genetic testing 

Therapy: Peritoneal or hemodialysis. 
Restrict dietary substrate 

Thiamine for milder forms 

Orthotopic liver transplant 


Markedly elevated alpha- 

fetoprotein; high tyrosine, methionine 

and phenylalanine; high succinylacetone in 
blood, urine 

Confirmation by genetic testing 

Therapy: Nitisinone* (NTBC 1 mg/kg/day) 
Dietary restriction of phenylalanine and tyrosine 
Liver transplant for liver failure, cancer, 
failure to respond to NTBC 

Urine nitroprusside test; high plasma levels of 
methionine, homocysteine 

Confirmation by genetic testing 

Therapy: Lower plasma homocysteine levels 
(<15 umol/L) 

Methionine restricted diet; oral betaine 

B6 (200-1000 mg/d; responsive 50%) 

If folate, B12 deficiency: folate (5 mg/day), 
hydroxycobalamin (1 mg IM/month) 

Vitamin C for endothelial dysfunction 

GCMS can identify, quantify homogentisic acc 
No specific therapy; vitamin C 

prevents ochronosis 


Hereditary Fructose Intolerance 


restricted diet is required throughout life. 


Galactokinase deficiency: This deficiency is rare. The only 
significant abnormality is cataract due to accumulation 
of galactitol. Liver, kidney and brain symptoms are not 
seen. Galactose free diet, leads to improvement and 
prevents further damage. Galactose restricted diet is 
required throughout life. 


The condition occurs due to deficiency of the enzyme, 
aldolase B. Symptoms occur following ingestion of 
fructose or sucrose and present with intractable vomiting 
and symptomatic hypoglycemia. Prolonged exposure 
results in failure to thrive, dislike for fruits and sweets, 
irritability, hepatomegaly, abdominal distension, edema 
and jaundice. Investigations show hypoglycemia, lactic 
acidosis, hyperuricemia and deranged liver function tests, 
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Table 24.8: Urea cycle defects and organic acidemias 


Disorder 5 Defect Clinical features Diagnosis, treatment 
ee acts ee Urea cycle is composed of _—_ Classic: Neonates Hyperammonemla (ammonia 
rea cy @ main 6 enzymes (Fig. 24.5) have poor feeding, >80 pg/dL after neonatal period) 


pathway for removing 


Defects of these enzymes 
highly toxic ammonia, 


lead to hyperammo- 


derived from | nemia and deranged amino 
oo of amino acid metabolism (Fig. 24.6) 
g 


ataxia 
Organic acidemias 
Autosomal recessive 
disorders; excretion 
of non-amino organic 
acids In urine 


Deficiency of specific 
enzyme in pathways of 
amino acid degradation, 
6.9. branched-chain amino 
acids (leucine, isoleucine, 
valine), tyrosine, homo- 
cysteine, methionine, 
threonine, lysine, hydroxy- 
lysine and tryptophan 


that is 
fever, 





vomiting, tachypnea, hypo- 
thermia, irritability, seizures, 
lethargy and coma 

Partial deficiency: 
Symptoms delayed for 
months or years; often 
triggered by stress, high 
protein intake or illness 
Arginase deficiency: 
Specific symptoms; 

spastic diplegia, dystonia, 


Insidious onset with 
few/no acute crises or an 
acute metabolic encephalopathy 


Multiple carboxylase deficiency 
and biotinidase deficiency: 
Additional hair and 

skin abnormalities 

(perioral eruption, alopecia) 


normal anion gap and glucose 
level 

Plasma amino acid analysis and 
urinary orotic acid can distinguish 
specific defects (Fig. 24.6) 
Enzyme activity; genetic testing 
Therapy: Removal of 

ammonia (Table 24,4) 

Restrict protein Intake 

(essential amino acids 


0.25 g/kg/d) 


Abnormal basic metabolic 
screening (acidosis, ketosis, hyper- 
ammonemla, hypoglycemla), 
abnormal liver function tests and 
neutropenia. 

Abnormal plasma acylcarnitine 
profile. 

Enzyme activity; genetic testing 
Acute phase: Adjunctive therapy with 
cofactors or vitamins (Table 24.5) 


precipitated by 
fasting or infection. 


hi 





(Fig. 24.7) 
Glutamic acid + Acetyl CoA 
N-acetyt “a 
synthase 
N-acetyl glutamate 
Carbamoy! phosphate Ammonia 
synthase (1) 
Carbamoyl phosphate ----» Orotic acid 
Omithine 
Uanscarbamoylase (2) 
Urea : Citrulline 
Omithine 55 aparigia 
. Arginosuccinate 
Fig. 24.4: Blond hair in a 6-year-old child with phenylketonuria pramnese (9) synthase (3) 
including prolonged prothrombin and partial y, Arginosuccinate 
thromboplastin time. Proximal renal tubule dysfunction Arginine 
manifests as Fanconi syndrome. The diagnosis is 
confirmed by demonstration of deficiency of aldolase B 
Fumarate 


in fresh liver biopsy. Fructose free diet is therapeutic. 


Glycogen Storage Diseases 


Glycogen is an extensively branched polysaccharide 
Macromolecule formed by thousands of glucose units 


Arginosuccinate lyase (4) 


Fig. 24.5: Pathways for ammonia disposal and ornithine 
metabolism. Deficiency of enzymes results In the following: 
(1) CPS deficiency, (2) OTC deficiency, (3) citrulllinemia, 
(4) arginosuccinic aciduria and (5) argininemia 
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| Hyperammonemia without acidosis | 


| Plasma amino acids | 


tn ce Tea. 


No specific amino acid elevation 





| Urine orotic acid" 


i 


Normal or low High 


Low plasma citrulline 





Deficlency of carbamoy! phosphate 
synthase or N-acetylglutamate synthase 





Ornithine transcarbamoylase 
deficlency 


| Elevation of specific amino acid 


= 


Elevated arginine: Argininemla 
Elevated citrulline: Citrullinemla 
Elevated ornithine: Hyperammonemla, 









*Transient hyperammonemia of newborn Is characterized by hyperammonemia, normal levels of urine orotic acid, and normal or high plasma 


citrulline 


Fig. 24.6: Algorithm to distinguish different urea cycle defects 


joined into chains by a-1-4 and a-1-6 bond. Ingested 
carbohydrate is absorbed as glucose via the portal system, 
phosphorylated to intermediate compounds (glucose-6- 
phosphate and glucose-1-phosphate) and stored as 
glycogen. Glycogen is the main glucose reservoir in the 
liver and provides energy between meals or during 
fasting. In muscle, it provides energy for contraction. 
When peripheral glucose is utilized and its levels fall, 
glycogen is depolymerized, bonds at branch points are 
split and free glucose is released into blood by hydrolytic 
dephosphorylation (glycogenolysis )(Fig. 24.9). Defect in 
the synthesis and degradation of glycogen causes glycogen 
storage disease (GSD) or glycogenoses; most common 
types are I, III and IV (Table 24.9). 





Fatty Acid Oxidation Defects 


Fatty acid oxidation plays a major role in energy 
production during fasting or periods of high-energy 





Fig. 24.7: Alopecia in a child with biotinidase deficiency 





Galactitol] «- — - “S82 Sree. _ _ _ {Galactose! 
ATP 
Glucose-1-phosphate + UDP Salacichinadé 
UDP-glucose pyrophosphorylase ADP 
UDP-glucose 
UDP-galactose Galactose-1-phosphate 
4'-epimerase undyltransferase 


UDP-galactose 
| Glucose-1-phosphate 
Phosphoglucomutase 
( Glucose-6-phosphate | 
Fig. 24.8: Disorders of galactose metabolism 


demand leading to glycogen depletion. It involves three 
processes: 


Mobilization of fatty acids into mitochondria. Long chain 
fatty acids (C14-20) undergo active transport through 
carnitine shuttle; whereas short (C4 to C6) and medium 
chain (C12) fatty acids enter independently of carnitine 
and are activated to coenzyme A (CoA) esters. Disorders 
of carnitine cycle includes carnitine palmitoy]l transferase I 
and II deficiency. 


B oxidation. This involves removal of 2-carbon fragments 
(ie. acetyl-CoA) from the transported saturated fatty acids 
via a four-step enzymatic reaction. Each enzyme has 
different chain length specificity. Deficiency of various 
acyl-CoA dehydrogenases (AD) results in short chain AD 
(SCAD) deficiency, medium chain AD (MCAD) deficiency: 
long chain AD (LCHAD) and very long chain AD 
(VLCAD) deficiency. 
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| Phosphoglucoisomerase 


Fructose-6-phosphate 


Phosphofructokinase GSD VII| 


Fructose-1,6-phosphate 


Pyruvate.» Lactate 


Fig. 24.9: Schematic glucose and glycogen metabolism in liver and lysosomes. Common enzyme defects and corresponding 


glycogenoses are depicted 


Electron transfer to the respiratory chain. Acetyl-CoA is 
utilized as energy substrate in muscle and liver. Example 
glutaric acidurias type II (multiple acyl-CoA dehydro- 
genase or MAD deficiency). 


Clinical Features 


The illness may have varying severity and presents at any 
age. Symptoms are precipitated by fasting, exercise or 
intercurrent illness leading to episodes of metabolic 
decompensation. 
i, Acute hypoketotic hypoglycemia and encephalopathy, 
associated with Reye like illness, hepatomegaly and 
liver dysfunction. 
ii. Cardiomyopathy (hypertrophic more common than 
dilated) and conduction defects including arrhythmias 
causing sudden early death 
lii, Myopathy 

The diagnosis is based on acylacrnitine profile in 
plasma and organic acid analysis in urine, and confirmed 
on enzyme assay or mutational analysis. Prolonged fasting 
should be avoided. Medium chain triglycerides (HCT) rich 
formula can be used; but is not effective is MCAD and 
MAD deficiency. 


Mitochondrial Disorders 


Mitochondria are mainly involved in the energy 
production pathway of oxidative phosphorylation 
(OXPHOS). Mitochondrial disorders refer to the defects 
in the OXPHOS pathway. Since mitochondria are mainly 
derived from the ovum, hence, mitochondrial DNA 
(mtDNA) disorders are maternally inherited. 
Mitochondrial disorders can occur due to either 
alterations in mitochondrial DNA (mtDNA) or nuclear 
DNA (nDNA) mutations. Disorders that are due tonDNA 
mutations are autosomal recessive, autosomal dominant 
or X-linked. A mitochondrial disorder is often suspected 
with multisystem involvement such as stroke, hearing 
loss, muscle weakness, cardiomyopathy, liver dysfunction 
and/or endocrine dysfunction. Disorders due to mtDNA 
deletion/duplication mutations are chronic progressive 
external ophthalmoplegia, Kearns-Sayre syndrome and 
Pearson syndrome. Disorders caused by mtDNA point 
mutations include Leber hereditary optic neuropathy, 
maternally inherited Leigh syndrome, mitochondrial 
encephalopathy, lactic acidosis and stroke (MELAS), 
myoclonic epilepsy with ragged red fibres (MERRF), 
neurogenic weakness, ataxia and retinitis pigmentosa 
(NARP), hypertrophic cardiomyopathy, mitochondrial 
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Table 24,9: Clinical features and management of glycogen storage diseases 





Type Enzyme defect Clinical features Diagnosis 
Liver glycogenoses with hepatomegaly and/or hypoglycemia 
von Gierke Manifest ~3—4 months of age with Hypoglycemia (glucose <0 mg/cL), lactic aorosis, 
disease hypoglycemia, seizures, doll lika high uric acid (>5 mg/dl), elevated cholesterol and 
la Glucose-6-phosphatase _facias (Fig: 24.10a). triglycerides 
lb Glucose-6-phosphate Marked hepatomegaly and Liver histology shows PAS positive, diastase 
3 translocase growth retardation sensitive glycogen and lipid laden vacuoles. 
Kidneys may be enlarged Enzyme assay; DNA testing 
Type 1b: neutropenia Monitor for hepatic adenomas by a-fetoprotein ard 
ultrasound 
Cori or Hypoglycemia, hepatomegaly, Normal or slightly increased lactic acid; normal 
Forbes growth retardation. uric acid; raised transaminases; Geranged fpics 
disease Illa; associated myopathy, Elevated creatine phosphokinase (CK) in Illa 
Illa Liver and muscle cardiomyopathy Enzyme assay in fresh Inver issue; DNA tesing 
debrancher deficiency 
(Amylo-1, 6- 
glucosidase) 
IIb Liver debrancher Liver histology shows increased glycogen win 
deficiency only variable degree of fibrosis 
Andersen Brancher enzyme Severe liver disease soon Blood sugar, lipid profile, Iver function tests. 
disease (Alpha-1, 4 glucan: after birth; early cirrhosis uric acid; urine ketones 
IV alpha-1, 4 glucan-6-alpha and portal hypertension 
glucosyl tranferase) 
Hers Liver phosphorylase Milder form; hypoglycemia, -do- 
disease VI hepatomegaly 
IX Phosphorylase kinase -do- 
0 Hepatic glycogen Fasting ketotic hypoglycemia -do- 
synthase deficiency without hepatomegaly 


Treatment: Continuous nasogastric infusion of glucose or uncooked starch maintains normoglycemia, especially in types J, II an: 
IV (most demanding in type |). 

Mild to moderate restriction of lactose, fructose and sucrose. Ensure vitamins and minerals. 

Nicotinic acid, fibrates for triglyceride levels >900 mg/dL, despite dietary therapy 

Allopurinol (10 mg/kg/day) for hyperuricemia, if uncontrolled on dietary therapy 


Muscle glycogenoses; exercise intolerance often followed by rhabdomyolysis (types V, VII) and cardiomyopathy (type * 


Pompe — Lysosomal alpha-1, Hypotonia, floppiness Low levels of enzyme (acid mattase) in leukocyi2: 
disease 4-glucosidase/acid (Fig. 24.10); progressive and cultured skin fibroblasts; genetic studies 
II maltase cardiomyopathy (Fig. 24.10). Therapy: Mainty supportive; enzyme replacemer: 


EKG: Left axis deviation, 

short PR, large QRS complexes 
Tongue: large and protruding 
Death occurs before 1-year 


McArdle Muscle phosphorylase Onset in adolescence; exercise Muscle biopsy 

disease intolerance, myoglobinuria Genetic studies 

V Muscle weakness, hypotonia, No specific therapy 
easy fatigability and cramps 

Tarul Phosphofructokinase -do- 

disease 

VII 


myopathy and nonsyndromic aminoglycoside-induced —_ and ketosis. Muscle biopsy shows ragged red fibers as well 
sensory neural hearing loss. as subsarcolemmal accumulation of mitochondria. 
A markedly elevated blood lactate and lactate-to- Staining for succinate dehydrogenase and cytochrome © 
pyruvate ratio >30 suggests an OXPHOS defect. Other _ oxidase is useful. Brain magnetic resonance imaging (s 
biochemical features are metabolic acidosis, hypoglycemia and/or spectroscopy are helpful in diagnosis. 
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Fig. 24.10: (a) A 4-year-old child with glyc 





a 


ogen storage disease type |. Note the doll-like facles and protuberant abdomen due to 


hepatomegaly. (b and c) Pompe disease (type Ii) with marked hypotonia: and (d) Cardlomegaly 


No specific therapy is available. Supportive treatment 
includes supplementation with cofactors such as 
riboflavin, coenzyme Q, folinic acid, vitamin E, vitamin C, 
carnitine, high lipid, low carbohydrate diet and avoiding 
mitochondrial toxins such as sodium valproate and statins. 


Lysosomal Storage Disorders 


Lysosomes are one of the important cellular organelles 
responsible for degradation of complex cellular molecules 
using various acid hydrolases. Deficiency of these 
enzymes results in the accumulation or storage of an 
intermediate compound. Deposition of this stored material 
in several body tissues leads to cellular damage and 
disease symptoms. 

Enzyme deficiencies in the degradation pathway of 
glycosaminoglycans cause mucopolysaccharidoses. In some 
glycolipid storage disorders, neurological functions are 
impaired due to abnormal deposition in the brain. The 
second category of oligosaccharidoses is the result of 
deficiencies of enzymes responsible for degradation of 
glycoproteins with a less complex polysaccharide 
(oligosaccharides) than glycosaminoglycans. The third 
category, sphingolipidoses is caused by deficiency of 
sphingolipid degrading enzymes. Accumulation of lipid 
inside the cells gives them a foamy appearance, chiefly 
seen in liver, spleen, lungs and marrow, with enlargement 
of these organs. All conditions have autosomal recessive 
inheritance except mucopolysaccharidosis I and Fabry 
disease (X-linked). Common disorders are discussed 
below and summarized in Table 24.10. 


Mucopolysaccharidoses 


Mucopolysaccharides constitute a major part of connective 
tissue and consist of units of disaccharides, nitrogen and 
esters. In mucopolysaccharidoses, acid mucopoly- 
saccharides are deposited in the tissues and excreted in 
the urine. Due to lack of degradation, mucopolysaccharides 
accumulate in the lysosomes causing disorganization of 
the cell structure and function. Partially degraded 


mucopolysaccharides are excreted in urine. Six different 
types of mucopolysaccharidoses with their subtypes are 
recognized. Their distinguishing features are described 
in Table 24.11 and are shown in Fig. 24.11. 

Urinary excretion of glycosaminoglycans (GAG) by 2D 
electrophoresis is a useful screening test. Specific enzyme 
assays and DNA analyses confirm the diagnosis. Palliative 
care and multidisciplinary management are important. 
Enzyme replacement therapy is available for types J, II, 
IV, and VI, but the cost is prohibitive. An early bone 
marrow transplantation has been found to be effective in 
MPS IH. 


Sphingolipidoses 


These are clinically heterogeneous disorders and include 
GM1 and GM2 gangliosidoses, Gaucher disease, 
Niemann-Pick diseases, Fabry disease, Farber disease, and 
Krabbe and metachromatic leukodystrophy. The most 
consistent feature is enlarged liver and spleen, with or 
without neurological involvement (Gaucher disease I and 
Il], Niemann-Pick disease A and B, and GM1 
gangliosidosis). Metachromatic leukodystrophy and 
Krabbe disease are characterized by white matter 
involvement and demyelination without organomegaly. 


Gaucher disease: This is the commonest autosomal 
recessively inherited lysosomal storage disease. It occurs 
due to the deficiency of the tissue enzyme gluco- 
cerebrosidase that splits glucose from glucosylceramide, 
resulting in accumulation of the latter in cells of the 
reticuloendothelial system. Cerebroside-laden cells are 
large and have eccentric nuclei with vacuolated cytoplasm 
and ‘wrinkled tissue paper’ appearance (Gaucher cells). It 
is characterized by visceral (hepatosplenomegaly), and 
bone marrow involvement leading to anemia, 
thrombocytopenia, leukopenia, bony pains, fractures. 
There may be associated neurological symptoms like 
developmental delay, seizures and ocular involvement. 
Non-neuronopathic (type I) is the commonest form and 
characterized by absence of neurological symptoms. Signs 
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—_———- Table 24.10: Clinical features of common lysosomal storage disorders 3 


Disorder Cherry-red spot Visceromegaly 
Gangliosidosis GM1 + + 
Gaucher disease : + 
Krabbe disease 3 : 
Metachromatic + occasionally - 
leukodystrophy 

Multiple sulfatase + + 
deficiency 

Niemann-Pick disease + + 
Sandhoff disease 4 + 
Tay-Sachs disease + : 
Neuronal ceroid Pigmentory - 
lipofuscinosis retinopathy/ 


optic atrophy 


—_— 





MPS type Developmental Coarse Viscero 
delay facies* megaly 

Hurler/lH + (severe) + (severe) + 

Scheie/IS - + (mild) + (mild) 

Hunter/II + (mild to + + 
severe) 

Sanifilippo/III + (severe) + (mild) + 

Morquio/IV - + (mild) - 

Maroteaux- - + + 

Lamy/VI 

Sly/VIl + (Severe) + + 
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Skeletal changes Developmental delay Bulbar signs 

+ (variable) + : 

dn + + types Il, Ill 

. + o 

a + = 

+ = - 

, + types A, C : 

+ variable + + infantile forms 
in late stages 

7 + + infantile forms 
in late stages 

- ab - 

regression 


Table 24.11: Differentiating features of mucopolysaccharidosis 


Joint Dysostosis Corneal Urine glyco- 

contractures _-multiplex”* clouding saminoglycans 

+ + + Dermatan 

a + (mild) - sulfate 

+ + - Keratan 
sulfate 

: + (minimal) - (minimal) | Heparan 
sulfate 

-(laxity) + = Keratan and 
chondroitin 
sulfate 

7, + + Dermatan 
sulfate 

+ + + All except 


keratan sulfai= 


* Depressed nasal bridge, thick lips and ala nasi, enlarged tongue and peg-like teeth 
** Dysostosis multiplex refers to thickened skull, deformity of sella turcica, broad spatulate ribs, beak shaped vertebrae and proximal tapering of 


metacarpals 


and symptoms can develop at any age and include anemia, 
fatigue, poor growth, delayed puberty, easy bleeding and 
bruising, weak bones, bone and joint pain, fractures and 
enlarged liver and spleen (Fig. 24.12a). 

Neuronopathic forms show involvement of the central 
nervous system. Two types are distinguished by the rate 
of neurological progression. Type II (acute neuronopathic) 
presents early in fetal life as hydrops or in early infancy 
with neurological signs and involvement of spleen and 
liver involvement. Course is rapidly progressive leading 
to early death by 2-4 years. Type III Gaucher disease 
(chronic neuronopathic, Fig. 24.12b) a chronic form with 
indolent course and manifestations in early childhood. 
Signs and symptoms are same as in type 1 except that 
neurological involvement is slowly progressive and leads 
to death by second or third decade. Neurological 
symptoms include developmental delay, stridor, squint 


and swallowing difficulty, opisthotonus, head 
retroflexion, spasticity and trismus, abnormal eye 
movements, oculomotor apraxia (trouble in moving eyes 
to look side-to-side, need to turn head to see things on ihe 
side), saccadic initiation failure (failure in Starting fast eye 
movements) and optokinetic nystagmus, dementia and 
ataxia, generalized tonic-clonic seizures and progressive 
myoclonic epilepsy. 

Diagnosis is made by measuring glucocerebrosidase 
levels in leukocytes or skin fibroblasts. Serum chitotrio- 
sidase levels are elevated. Neuro-ophthalmological 
investigations, hearing assessment by brain evoked 
response audiometry, EEG and neuropsychometry tests 
are required. DNA analysis is helpful in assessment of 
phenotype and prenatal diagnosis. 

This was the first storage disorder for which treatment 
was available, chiefly as enzyme replacement therapy and 
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Fig. 24.11: Mucopolysaccharidoses: (a) Patient with type IH disease showing corneal clouding and coarse facial features; (lb) MPS, 
type II without corneal clouding but with facial coarseness; (c) MPS IHS (milder phenotype) with restriction of joint movements; 
(d) Short trunk with barrel-shaped chest and sternum protruding forward in MPS IV (morquio disease); (e) Mild facial coarseness in 
A child with MPS Ill: (f) MPS VI (Marotaeux-Lamy) with abnormal skull and facial coarseness; (g) Beaking of the inferior margins of 
vertebrae and proximal pointing of metacarpals in MPS type |; (h) Central beaking of the lumbar vertebrae with proximally pointed 


metacarpals and short ulnae in MPS IV 


substrate reduction therapy. The former provides deficient 
enzyme to allow breakdown of fat in cerebroside laden 
cells. Enzyme replacement does not have much effect on 
neurons so CNS manifestations are irreversible. Therapy 
is recommended in types I and III but not in type II. 
Substrate reduction therapy means reducing the 
production of fatty material, thereby avoiding cellular 
accumulation. Miglustat is oral treatment for adult patients 


with type I Gaucher disease with mild to moderate 
manifestations for which enzyme therapy is not an option. 
Splenectomy increases the risk of progressive skeletal and 
pulmonary disease. Stem cell transplantation is a potential 
option. 


Metachromatic leukodystrophy: Sulfated glycosphingolipids 
accumulate in white matter of the central nervous system, 
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Fig. 24.12: (a) Gaucher type 1: Note protuberant abdomen 


due to hepatosplenomeagly; and (b) Gaucher type Ill: Note 
tismus and ophthalmoplegia 


stains them purple with a brown background, resulting in 
metachromatic staining. 

The disorder has infantile and juvenile forms. Early 

manifestations include disturbances of gait, incoordina- 
tion and progressive mental deterioration in the second 
year of life. Knee jerk is brisk but ankle reflex and plantar 
response may be absent because of involvement of 
peripheral nerves. Diagnosis is confirmed by level of the 
enzyme, arylsulphatase A in white cells. There is no 
effective treatment; bone marrow transplantation has been 
tried. 
GM, gangliosidosis: Inborn errors of GM, ganglioside 
metabolism result in accumulation of the metabolite 
within lysosomes of nerve cells. Most infants with Tay- 
Sachs form (type I) of the disease have severe deficiency 
of B-N-acetylhexosaminidase A (hexosaminidase A). 
Hexosaminidase A and B are deficient in Sandhoff disease 
(type Il). 

Tay-Sachs disease is an autosomal recessively inherited 
defect, which results from deficiency of hexosaminidase 
enzyme leading to accumulation of GM, ganglioside 
within ganglion cells of the nervous system. The disorder 
manifests by 6 months with loss of head control and the 
ability to sit. The head is disproportionately large. This is 
followed by progressive course with eventual spasticity, 
deafness and blindness. Fundus shows cherry-red spot. 
Death occurs within 4-5 years. In Sandhoff disease, 
visceral involvement is present in addition to features of 
Tay-Sachs disease. 





Niemann-Pick disease: This is an autosomal recessive 
disorder of sphingomyelin and cholesterol in the 
lysosomes. In the classical form (type A), clinical features 
begin in early life with feeding difficulties, failure to thrive 
and developmental delay and later neuroregression. There 
is protuberant abdomen with hepatosplenomegaly. 
Cherry-red spot on fundus examination is seen in about 
half the cases. Diagnosis is confirmed by measurement of 


Ce 


sphingomyelinase levels. Type B disease is a milder form 
with hepatosplenomegaly but no neurological involvement. 
Late onset variants (type C) are associated with 
extrapyramidal manifestations. There is no specific 
treatment. Table 24.10 summarizes the clinical features of 


common sphingolipidosis. 


Peroxisomal Disorders 


Peroxisomes are involved in the oxidation (f-oxidation of 
phytanic acid and of very long-chain fatty acids, VLCFA) 
as well as synthesis of plasmalogens. Based upon their 
functioning, peroxisomal disorders can be divided into 
two major groups. 

Disorders of peroxisomal biogenesis or importation are 
caused by defects in the transfer of proteins produced in 
the cytosol into the peroxisomes. This includes Zellweger 
syndrome (Fig. 24.13), neonatal adrenoleukodystrophy 
and infantile Refsum disease and rhizomelic chondro- 
dysplasia punctata (Fig. 24.14). These disorders have 
autosomal recessive inheritance and are caused by defects 
in genes coding for peroxins (PEX). Defects interfere with 
peroxisomal biogenesis and import of proteins into 
peroxisome. 


Disorders of individual peroxisomal enzymes include 
X-linked adrenoleukodystrophy and classical Refsum 
disease. 


X-linked adrenoleukodystrophy (ALD) is an X-linked 
recessive disorder caused by tissue accumulation of 
VLCFA with a carbon chain length of 24 or more due to 
deficient peroxisomal degradation of fatty acids. The 
defective gene (ABCD1 gene) is located on Xq28. The 
childhood cerebral form usually manifests between 4 and 
8 years of age with subtle initial manifestations of 
worsening school performance and behavioral problems 
such as hyperactivity and emotional lability. Auditory and 
visual disturbances may be associated. Seizures are often 
the initial manifestation. In most patients, adrenal 
dysfunction is noticed after the cerebral symptoms. Rapid 
neurological progression ensues causing increasing 
spasticity, visual and hearing impairment. MRI brain 


typically shows demyelination in the parieto-occipital 
areas (Fig. 24.15). 


In adolescents, the usual age of manifestation is 
between 10 and 21 years and progression is much slower 
than the above form. Adrenomyeloneuropathy is a milder 
form with onset in late adolescence or adulthood and is 


characterized by progressive paraparesis due to long tract 
degeneration in the spinal cord. 


Elevated plasma levels of VLCFA can identify patients 
and 85% of female carriers of X-adrenoleukodystrophy: 
Mutation analysis is the most reliable method to identify 
carriers. Corticosteroid replacement should be given for 
adrenal insufficiency. Bone marrow transplantation is 
curative but needs to be performed early in the disease. 
The role of Lorenzo oil is controversial. 
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Fig. 24.14: (a) One-montn-old child witn rnizomelic 


Fig. 24.13: An infant with Zellweger syndrome. Note flat facial Chondrodysplasia punctata. Note the facia! dysrnorpnism 
profile and contractures at elbow and knee; and (b) X-ray snowing 


rhizomelic shortening 





Fig. 24.15: Brain MRI findings in X-linked adrenoleukodystrophy. 12-weighted axial images show symmetrical hyperintense signc! 
changes in bilateral perieto-occipital white matter and splenium of corpus callosum (Courtesy: Dr. Atin Kumar, AIMS, New Ceihi) 
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Ophthalmic Disorders 


Children may present with varied primary eye problems. 
Several systemic diseases have ocular manifestations, 
some of which are very useful in making the correct 
diagnosis and instituting appropriate management. Also, 
therapies for some diseases are known to have ocular side 
effects which need to be recognized. Rarely, medications 
for eye diseases can have systemic side effects, Finally 
diseases beginning in the eyes and adnexa can have 
systemic complications. 


PEDIATRIC EYE SCREENING 


The concept of screening children for eye diseases is based 
on the awareness that infants and young children cannot 
communicate their symptoms and visual difficulties. In 
addition, several potentially blinding diseases manifest in 
this age group; their early detection and treatment can limit 
ocular morbidity and prevent irreversible blindness. 

The goal of pediatric eye screening is to detect eye and 
visual disorders in children or identify their risk factors 
so that the child can be referred for detailed ophthalmic 
evaluation, confirmation of diagnosis and appropriate 
medical management. 


Comprehensive Pediatric Eye Evaluation 


Presence of any of the following risk factors is an indication 
for referral for comprehensive ophthalmic evaluation. 
I. General health condition, systemic disease or use of 
medications associated with eye disease 
e Extreme prematurity (gestational age <30 weeks); 
suspected retinopathy of prematurity 
Intrauterine growth retardation 
Perinatal complications 
Neurological disorders 
Juvenile rheumatoid arthritis 
Thyroid disease 
Craniofacial abnormalities 
Diabetes mellitus 
Syndromes with known ocular manifestations 
Chronic steroid therapy; use of hydroxychloroquine 
or other medications known to affect eyes 
* Suspected child abuse 
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II, Family history of any of the following 
e Retinoblastoma 
Childhood cataract 
Childhood glaucoma 
Refractive errors in early childhood 
Retinal dystrophy or degeneration 
Strabismus and/or amblyopia 
Sickle cell disease 
Syndromes with ocular manifestations 
¢ Nontraumatic childhood blindness 
Ill. Signs or symptoms reported by the family, health care 
provider or school teacher 
¢ Defective ocular fixation or visual interactions 
¢« Abnormal appearance of the eye(s) 
¢ Squinting or tendency to close one eye in certain 
situations 
e Any obvious ocular alignment, movement abnor- 
mality, head tilt or nystagmus 
Large and/or cloudy eye(s) 
Drooping of the eyelid(s) 
Lumps or swelling around the eye(s) 
Persistent or recurrent tearing, sticky discharge, 
redness, itching or photophobia 
* Learning disabilities or dyslexia 


Guidelines for Examination 


Children are best examined ina comfortable and friendly 
environment. Very young children can remain in the lap 
of their mother while older children can be distracted with 
toys and colorful objects. When the child first enters the 
room, simple observation of behavior, fixation, movement 
and general awareness of the surroundings are good 


indicators of the child’s visual status, and gross abnor- 
malities can be detected. 


Steady fixation and uniform steady alignment of the eyes 
develop in the first 4-6 weeks. Visual acuity assessment in 
children less than 6 months of age is limited to seeing if the 
child attempts to fix and follow light. A child 6-12 months 
of age can follow and even reach out towards colorful! 
objects, and this permits a very crude assessment of gross 
visual ability. A more objective assessment can be made 
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Ophthalmic Disorders 


with electrophysiological tests using a pattern-induced 
visual evoked response (pattern VER) using chequered 
patterns of varying degrees of resolution or by observing 
the optokinetic response or nystagmus induced by the 
child’s attempt to view a striped pattern ona moving drum 
(OKN). Both these tests are an assessment of the resolution 
acuity or power of the eye to distinguish patterns of varying 
degrees of separation or width. These tests are expensive 
and not readily available in routine clinics. For most 
preverbal children up to the age of 3 years, a simple obser- 
vation of fixation pattern and behavior, ability to see, follow 
or pick-up small objects like toys or candy beads, preferen- 
tial looking tests using Teller acuity cards or preferential 
looking cards are used to estimate the visual status. 
Unilateral loss is also tested for by observing if the child 
resists closure or occlusion of one eye over the other. 
Vision of children 3-5 years of age can be assessed using 
picture tests and symbols with matching cards suchas the 
Kays symbols, tumbling E or HOTV card tests where one 
relies on the child’s ability to recognize the shape and match 
the shape with a similar one ona card. Children 5 years or 
older can be tested with more conventional vision testing 
methods using a Snellen visual acuity chart with either 
alphabets or tumbling E or Landoldts C symbols (Fig. 25.1). 
Ocular movements and external examination of the eye 
can be performed by using adequate illumination with a 
torch and aided by toys or colorful pictures to capture the 
child’s attention and interest to cooperate with the examiner. 
Pupillary reactions must be tested and fundus examination 
should be attempted with a direct ophthalmoscope 
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Fig. 25.1: Snellen visual aculty testing charts. The charts are 
printed on a semitransparent plastic sheet and mounted on 
an illuminated box. Vision Is tested at a distance of 6 metres. 
The chart on left Is in English, can be available in other languages 
and Is used for children who are able to read. The chart In the 
middie |s the C chart and on the right the E chart, both of which 
Can be used for pre-school children who can understand and 
Communicate the directions 
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through the undilated pupil to view the cise and macula, 
In case required, more detailed examination of the finds 
and retinal periphery ean be carried out afler dilating the 
pupils with mydriatic eye drops such we 2.5% 
phenylephrine or short-acting eylopleyiesmiycdrhitie drape 
such as 0.5% tropicamide or 1% eyelopentolite eye drapes, 
The retina is best viewed withan indirect opltinalmioncape 
as this gives the maximum field of view and the exami 
nation can be completed efficiently, In peneral, ae far an 
possible, most of the examination should be completed 
without touching or going too close to the child po Uiat the 
child is comfortable and does not feel intimidated, Digital 
assessment of the intraocular pressure, everslonof the lide 
and slit lamp examination are oceasionally required, Jn 
certain situations, an examination under anenthesta Is 
required and should be done only after obtaining the 
parents’ informed consent. 


CONGENITAL AND DEVELOPMENTAL ABNORMALITIES 


This group of diseases may or may not manifest at birth, 
If the disease is detected at birth, it Is ‘congenital’ such as 
lid coloboma, severe corneal opacity or total cataract with 
a white opaque Jens, Sometimes the disease id present at 
birth, but is detected later on, for example, a partial cataract 
or mild congenital glaucoma. Sometimes the diseane ina 
defect of development but manifests Jater, stich is deve- 
lopmental cataract or juvenile glaucoma. 


Disorders In Development of the Whole Eyeball 
(Globe Abnormalities) 


A child may be born with a small eye (mierophthalmos or 
nanophthalmos), absent eyeball (anophthalmos) with or 
without an orbital cyst, or more complex abnormalities 
associated with craniofacial dysgenesis, 


Abnormalities of Development of the Orbit, Eyelids and 
Adnexa (Lacrimal Dralnage System and Glands) 


Children are sometimes born with the eyes completely 
covered by the eyelids so that the globe is not apparent or 
visible (cryptophthalmos). A blocked nasolacrimal duct 
may manifest at birth as a dacryocystocele, or later as 
dacryocystitis. Lacrimal diverticulae or fistula are other 
abnormalities which may or may not be apparent at birth, 
Telangiectasias and vascular abnormalities such as 
capillary or cavernous hemangioma, lymph hemangioma, 
arteriovenous malformations and orbital varices may be 
present as isolated abnormalities or as part of syndromes 
such as the phakomatoses, 

Other abnormalities of the lids include abnormal shape 
and position such as blepharophimosis, ptosis, prominent 
epicanthic folds, lid coloboma, congenital ichthyosis, 
entropion and ectropion. Early oculoplastic reconstruction 
needs to be undertaken if the visual axis is covered or the 
cornea is-at risk of exposure keratopathy due to lage 
ophthalmos or inadequate lid closure, 
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Diseases Affecting the Conjunctiva and 
Anterior Segment 


Some of the important conditions that may be seen include 
conjunctival telangiectasia, hazy or opaque cornea (causes 
of which can be memorized using the mnemonic 
STUMPED, i.e. sclerocornea, birth trauma, ulcer, muco- 
polysaccharidosis, Peter anomaly, endothelial dystrophy 
or endothelial dysfunction secondary to congenital 
glaucoma, and dermoid); flat cornea (cornea plana), 
anterior segment dysgenesis, aniridia, iris coloboma, 
primary congenital or juvenile developmental glaucoma, 
lens opacity or cataract, lens coloboma, displaced or 
subluxated lens or ectopia lentis, abnormal shape of lens 
such as microspherophakia, lens coloboma, lenticonus and 
persistent hyperplastic primary vitreous (Fig. 25.2). 
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Fig. 25.2: Child with bilateral congenital corneal opacity due 
to anterior segment dysgenesis. Differential diagnoses include 
all causes of congenital corneal opacity, congenital glaucoma 
with buphthalmos and corneal edema due to raised intraocular 
pressure 


ACQUIRED EYE DISEASES 


Nutritional Disorders 


The most important condition in this category is vitamin A 
deficiency which can be catastrophic in young children if 
severe enough to produce keratomalacia. Up to the age of 
six months, children have adequate hepatic reserves of 
vitamin A. However, if the mother’s nutrition is poor or 
the infant is not properly fed afterbirth, severe vitamin A 
deficiency may be precipitated by an attack of acute 
respiratory infection such as measles, pneumonia or acute 
gastroenteritis, which could lead to bilateral blindness 
due to severe keratomalacia (Fig. 25.3). Milder forms of 
vitamin A deficiency may manifest with xerosis of the 
conjunctiva, Bitot spot and nyctalopia or night blindness. 
Adequate nutritional advice to the pregnant and lactating 
mother and proper weaning with vitamin A rich fruits 


and vegetables is advised. Keratomalacia is treated with. 


oral vitamin A 200,000 IU stat followed by a second dose 
after 24 hours and a third dose after 2 weeks. In case the 
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Fig. 25.3: Sequelae of keratomalacia causing corneal opacity 
right eye and phihisis bulb! left eye 


child is vomiting and cannot retain oral supplement, an 
intramuscular injection of vitamin A may be given instead. 
For children less than 1 year of age and those weighing 
less than 10 kg, half the dose is given to avoid vitamin A 
toxicity and vitamin A induced intracranial hypertension. 


Infections 


Preseptal cellulitis and orbital cellulitis manifest as swelling 
and inflammation of the eyelids, are differentiated clini- 
cally, and often occur due to spread of infection from the 
lids, adnexa or paranasal sinuses or following trauma. 
These are potentially dangerous infections as they involve 
the anatomical ‘dangerous area of the face’ and if not trea- 
ted promptly and adequately, can spread intracranially, 
resulting in meningitis or cavernous sinus thrombosis. 
Ultrasonography is required to detect an orbital abscess, 
which has to be drained. CT scan or MRI is required if 
involvement of adjacent paranasal sinuses or intracranial 
involvement is suspected. Treatment requires systemic 
antibiotics and anti-inflammatory agents, supplementation 
with topical antibiotics, and supportive measures, inclu- 
ding lubricating eyedrops to prevent corneal damage. 
Other infections involving the eyelids include blepha- 
ritis, hordeolum externum (stye), hordeolum internum 
(infected chalazion), molluscum contagiosum and phthiri- 
asis of the eyelashes. Lid hygiene, hot fomentation and local 
antibiotic ointments are useful along with instructions for 
personal hygiene. Phthiriasis wil] require mechanical 
Penioye) of nits adhering to the eyelashes, local application 
of 20% fluorescein sodium to the lid margins and systemic 
ivermectin therapy for recalcitrant cases, along with advice 
on hygiene and treatment of other affected family 
members. 
. Common infections of the ocular surface include con- 
Junctivitis which could be bacterial, viral or chlamydial. 
Conjunctivitis occurring within the first month after birth 
is called ophthalmia neonatorum. Every effort should be 
made to identify the etiologic agent, especially in cases 
ophthalmia neonatorum, since &°nococcal conjunctivitis can 
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cause loss of vision in the newborn. Conjunctival smears 
and swabs can be sent for microbiological evaluation. 
Mucopurulent conjunctivitis is treated with topical anti- 
biotic eyedrops and supportive measures such as cleansing 
the eye with clean water, lubricating eyedrops and cold 
compresses. 

More severe infections include keratitis and corneal 
ulcers (Fig. 25.4), Trauma is the most common underlying 
predisposing factor, but poor hygiene and lowering of 
local immunity secondary to chronic inflammation, viral 
infections or use of topical steroids are other risk factors 
for bacterial and fungal infections of the cornea. Trauma 
with vegetative matter, such as a thorn, tree branch or 
wooden broomstick (often used for making ‘bows and 
arrows’ for playing), predisposes to fungal infections. 
Corneal ulcers require an examination under anesthesia 
for detailed evaluation and corneal scraping for micro- 
biological analysis. Empirical therapy for bacterial corneal 
ulcers is started with a combination of freshly prepared 
fortified topical antibiotics such as 5% cephazolin and 1.3% 
tobramycin eye drops hourly and half hourly alternately 
round the clock for the first 48 hours. After 48 hours, the 
culture report and clinical response are reviewed. If there 
is no substantial clinical improvement, the antibiotic is 
changed based on microbiology results. If clinically 
responding to therapy, the frequency of antibiotics can be 
reduced to use during waking hours only, followed two 
days later by two hourly application, then reduced to 
4 hourly or 6 hourly, and discontinued a week after the 
ulcer has healed. Supportive measures include topical 
cycloplegics, hot fomentation, analgesics, antiglaucoma 
medication if secondary glaucoma is present, and antibiotic 
ointment at night. Fungal keratitis is treated with topical 
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Fig. 25.4: A partially treated hypopyon corneal ulcer. The 
overlying epithelial defect has healed, but there Is a deep 


corneal abscess, comeal edema and purulent fluld, le. 
hypopyon in the anterior chamber 





natamycin (5%) 1 hourly with supportive measures. Herpes 
simplex viral keratitis is treated with topical acyclovir 3% 
eye ointment for epithelial involvement and systemic 
acyclovir for herpetic keratouveitis or recurrent disease. 

Other infections include endophthalmitis (traumatic, 
metastatic, or iatrogenic following intraocular surgery) 
and parasitic infestations, such as toxoplasmosis, toxo- 
cariasis, and cysticercosis of the eye, extraocular muscles 


or orbit. 


Allergic and Inflammatory Diseases 


Children may develop allergic diseases of the skin around 
the eye and the ocular surface and conjunctiva. Dermatitis 
may be an allergic reaction to local ophthalmic medication 
or sometimes secondary to insect bite, application of 
traditional eye medicines or herbal remedies and use of 
local creams or lotions. In addition, a variety of environ- 
mental and hereditary factors may interplay to produce a 
variety of allergic conjunctival manifestations such as 
seasonal allergic conjunctivitis, hay fever conjunctivitis, 
perennial or chronic allergic conjunctivitis, atopic allergic 
conjunctivitis and vernal keratoconjunctivitis. Itching, 
redness, discomfort, gritty or foreign body sensation, 
watering, mucoid or thick ropy discharge, photophobia 
and blepharospasm are all seen in different combinations 
and varying degrees of severity. Treatment includes cold 
compresses, topical antihistaminic eyedrops for mild cases 
and counseling to avoid rubbing the eyes. Topical 
corticosteroid eyedrops give quick relief but are best 
avoided in mild cases because of the danger of self-medi- 
cation and unsupervised chronic topical use complicated 
by steroid induced glaucoma and secondary corneal 
infection and ulceration. More severe allergies may have 
secondary consequences in the form of dry eye, kerato- 
pathy and corneal ulceration. These are best referred to 
ophthalmologists for expert management and careful 
follow-up. 

Other inflammatory diseases include phlyctenular 
conjunctivitis or keratoconjunctivitis (believed to be an 
‘allergic’ immunological reaction to tubercular antigen); 
interstitial keratitis secondary to infections like rubella, 
syphilis, leprosy and tuberculosis; and uveitis, either 
idiopathic or associated with juvenile chronic arthritis, 
psoriasis, tuberculosis, sarcoidosis and toxoplasmosis. 
Acute anterior uveitis (iritis, cyclitis and iridocyclitis) 
usually presents with a red inflamed eye with photophobia 
and diminution of vision. Chronic uveitis may be less 
symptomatic with decreased vision due to complicated 
cataract. Intermediate and posterior uveitis (pars planitis, 
vitritis, retinitis, choroiditis and retinochoroiditis) are 
usually painless with symptoms of decreased vision (due 
to hazy media and retinal or optic nerve swelling and 
inflammation) and floaters (due to inflammatory cells in 
the vitreous). Treatment is with topical cycloplegic agents 
and steroids, supplemented with systemic steroids and 
specific therapy for any underlying disease, such as 


| so 





a 6s | 








tuberculosis. Patients with uveitis need detailed exami- 
nation with a slit lamp biomicroscope to identify the 
inflammatory response, ophthalmoscopy to view the 
fundus and specialist ophthalmic care and follow-up to 
control the inflammation and minimize the morbidity 
related to the disease and its treatment. 


Intraocular (retinoblastoma or juvenile xanthogranu- 
loma) or systemic malignant disorders may sometimes 
mimic uveitis syndrome due to malignant cells in the eye 
and vascular uveal tracts. 


Optic neuritis is another important inflammatory 
disease which could be idiopathic, secondary to infections 
or associated with demyelinating disorders. Classical 
features include a rapid drop in vision, usually in one eye, 
which is accompanied by a relative afferent pupillary 
defect and normal fundus (retrobulbar neuritis) or inflam- 
matory swelling of the optic disc (papillitis) and retinal 
edema and/or exudates (neuroretinitis). Patients need to 
be treated in consultation with a neuro-ophthalmologist 
after investigations to identify the cause. 


Metabolic and Endocrine Disorders 


Homocystinuria is associated with subluxation of the lens, 
and secondary glaucoma can be seen as a complication. 
The lens is usually subluxated downwards which causes 
poor vision due to displacement and astigmatism. Surgical 
lens removal has to be done under general anesthesia 
taking suitable precautions, as the patients are prone to 
thromboembolism. Optical rehabilitation is usually done 
with spectacles or contact lenses, though in some cases 
intraocular lenses can be fitted using scleral or bag fixation 
augmented with bag fixation devices. 

Various storage disorders such as cerebral storage 
disease, lipidosis and gangliosidosis may be associated 
with a ‘cherry red spot’ due to abnormal deposition in 
the retina, corneal clouding as in some of the mucopoly- 
saccharidoses, and Kayser-Fleischer ring in peripheral 
cornea in Wilson disease. Juvenile diabetes mellitus may 
be associated with cataract and diabetic retinopathy and 
thyroid dysfunction with dysthyroid eye disease. Tyro- 
sinase deficiency might be associated with ocular albinism 
with foveal hypoplasia and poor vision. 


Musculoskeletal and Neurodegenerative 
Diseases and Phakomatoses 


Marfan and Ehlers-Danlos syndromes may be associated 
with subluxated lens and consequent secondary glaucoma. 
Marfan syndrome is usually associated with upward and 
outward displacement of the lenses and myopia with 
blurred vision. Retinal detachment is not connected also 
common. Surgical lens removal becomes necessary if the 
vision is not corrected with spectacles or contact lenses. 
Leukodystrophies and demyelinating diseases may be 
associated with extraocular muscle weakness, ptosis and 
optic neuropathy. Phakomatoses like neurofibromatosis, 
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Sturge-Weber syndrome and nevus of Ota may be 
associated with café au lait spots, plexiform neurofibromas 
of the lids and orbit and Lisch nodules on the iris and 


glaucoma. 

Muscular dystrophies or degenerations such as chronic 
progressive external ophthalmoplegia result in ptosis and 
restriction of eye movements. Duchenne muscular 
dystrophy may be associated with cataracts. 


Tumors and Neoplastic Diseases 


Benign tumors include dermoids of orbit, lids or oncomea, 
hamartomas, osteoma, vascular malformations or heman- 
giomas of various types and neurofibromas. Malignant 
intraocular tumors are confined to retinoblastoma 
(Fig. 25.5), juvenile xanthogranuloma, medulloepithe- 
lioma and metastatic lesions from neuroblastomas, Ewing 
sarcoma, leukemias and lymphomas. Orbital tumors 
include rhabdomyosarcoma, Langerhans cell histiocytosis, 
extraocular spread of retinoblastoma, metastatic spread of 
Ewing sarcoma, neuroblastoma, leukemia and lymphoma. 


Refractive Errors 


An abnormality in the refractive and focusing apparatus 
makes it difficult for parallel rays of light from the distance 
to be accurately focused on the retina. This deviation from 
the normal emmetropic state is termed ‘ametropia’ or 
refractive error. This manifests as poor or blurred vision 
which may be noticed by parents, relatives, friends, school 
teachers or reported by the child as a difficulty in viewinz 
clearly. Sometimes, indirect evidence is reported as eve 
rubbing, ‘squinting’, ‘going too close to the television’ or 
holding objects too close to the eyes. An assessment of vist:.)! 
acuity is followed by cycloplegic refraction; fundus 
evaluation is required in addition to routine ophthalrm:: 
evaluation. Refractive errors include myopia, hypermetre; 
and astigmatism, and spectacles must be prescriby | 
accordingly. Associated amblyopia or strabismus must |e 
taken care of and any additional features like nystagmus or 
extraocular muscle imbalance ruled out. Patients need to } 
carefully counseled with respect to improvement of Visiun 
with spectacles and need for compliance with follow-t10. 
Failure to show an improvement of vision warratts 
investigations to rule out any associated subtle patholoxy 





Fig. 25.5: ‘Leukocoria’ or white pupil in an Infant secondary to 
retinoblastoma. Note the white Oppearance that appears to 
be from a structure located more posteriorly, has a sligh! 
yellowish pinkish tinge due to vascularization and has an 
appearance that Is unilke that seen with a cataract. 
Ultrasonography of the orbits helps contim the diagnosis 
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such as microstrabismus, retinal macular degeneration, 
retinitis pigmentosa, congenital hereditary cone dystrophy, 
delayed visual maturation, dyslexia or Leber amaurosis. 


Strabismus and Amblyopia 


Strabismus is defined as the condition when the visual 
axes of the two eyes do not meet at the point of regard. In 
other words, the motor and sensory alignment of the two 
eyes and their images in the brain are not synchronized. 
The cause may be a basic abnormality of development as 
in essential esotropia or exotropia (concomitant squint 
when the angle of deviation or separation of the two eyes 
is uniform, irrespective of the direction or position of gaze) 
or secondary to extraocular muscle paralysis, e.g. paralytic 
squint, orbital space occupying lesion, myositis or orbital 
inflammation as in orbital pseudotumor syndrome, orbital 
musculofascia] abnormality like Duane retraction syn- 
drome or Brown’s superior oblique tendon sheath 
syndrome (causing an incomitant or nonconcomitant 
squint, where the deviation is more in certain positions 
and less or even absent in some positions of gaze). 


An inward deviation of the eye is termed esotropia and 
outward deviation is termed exotropia. The child initially 
suffers diplopia due to the different images being pre- 
sented to the visual cortex by the two eyes, but learns to 
suppress one image, eventually developing amblyopia or 
a ‘lazy eye’ with loss of binocularity and stereopsis. In 
very young children, the presence of an intermittent or 
constant squint or misalignment of the eyes should be 
indications for referral to an ophthalmologist. 


Amblyopia or ‘lazy eye’ is a condition of subnormal 
vision defined as two lines less than normal or less than 
the fellow eye on the visual acuity chart with no anato- 
mical cause detectable on examination, i.e. no media 
opacity and a normal fundus. Amblyogenic factors have 
their maximum impact on the immature developing 
visual system, i.e. during the first 6 yr of life and include 
sensory deprivation or abnormal binocular interaction. 
The former would refer to a corneal opacity or cataract 
which, even if taken care of surgically, do not indicate 
good chances of restoration of normal vision. Similarly, 
abnormal binocular interaction occurs in the presence 
of strabismus or anisometropia (difference in the 
refractive power of the two eyes), in which case one eye 
takes over and the visual cortical neurons meant to 
receive stimuli from the other eye are unable to develop 
normally, leading to a ‘lazy eye’. These changes are 
potentially reversible with appropriate therapy in the 
first decade, but become irreversible and permanent 
later. Treatment involves restoration of vision with 
correction of refractive error, removal of media opacity 
if present (such as corneal opacity or cataract), patching 
therapy by part time patching of the ‘good’ eye to enable 
the ‘lazy’ eye to catch up, and strabismus surgery to 
Testore ocular alignment if required. 


Cataract 

A, visible lenticular opacity in the eye is termed as a 
cataract. It is congenital if present since birth, develop- 
mental if appearing later on, and traumatic if occuring 
after an episode of eye trauma. A central opacity is consi- 
dered visually significant if it impairs visual acuity, and 
on clinical assessment obstructs a clear view of the fundus. 
A cataract may be unilateral or bilatera) and syrnmetric 
or asyrnmetric. In view of the risk of sensory deprivation 
amblyopia, visually significant cataract should be treated 
surgically as soon as possible after birth. Functional 
success is highest if operated within the first few weeks 
after birth, provided the child is medically fit to undergo 
general anesthesia. Unilateral cataracts must be supple- 
mented with postoperative patching therapy to take care 
of any amblyopic effect. Optical and visual rehabilitation 
for the aphakic state resulting from Jens removal] includes 
the implantation of an intraocular lens (JOL) for children 
above two years of age. Generally, intraocular Jenses are 
avoided for children less than two years old as there are 
significant problems of change in lens power requirements 
as the maximum growth of the eyeball takes place during 
the first two years of life and the risk of complications of 
glaucoma and intraocular inflammation and fibrosis are 
higher. In very young children, therefore, a capsule rim is 
left for subsequent secondary JOL implantation, and 
temporary optical rehabilitation is provided with 
spectacles or contact lenses supplemented with patching 
for amblyopia in unilateral cases (Fig. 25.6). 





tae, | 
Fig. 25.6: A child with bilateral developmental cataract. The 
cataract is partial and the condition was detected late. Also 
note that the child has a convergent squint. The child also has 
impaired hearing and congenital heart disease, suspected to 
be due to congenital rubella syndrome 
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Glaucoma 


Primary congenital and developmental juvenile glaucoma 
are now recognized to be inherited diseases. Primary 
congenital glaucoma is associated with CYP1BI gene, (2p21) 
witha predominantly autosomal recessive mode of inheri- 
tance, and mutations in the myocillin (ATYOC) gene, 
Photophobia, blepharospasm, watering and an enlarged 
eyeball are classic symptoms. Suspicion of glaucoma or 
buphthalmos warrants urgent referral to an ophthal- 
mologist. An examination under anesthesia is required to 
measure the corneal diameter and intraocular pressure, and 
to visualize the optic disc. Once glaucoma is confirmed, 
medical therapy is started to lower the pressure and patient 
prepared for surgery. If the cornea is clear enough to allow 
visualization of the angle structures, a goniotomy is attemp- 
ted. If the glaucoma is more severe or the cornea very edema- 
tous, a drainage procedure is undertaken to open alternative 
aqueous drainage channels such as trabeculectomy and 
trabeculotomy. If the cornea fails to clear after adequate 
control of the intraocular pressure, corneal transplantation 
is required to restore vision and preventirreversible sensory 
deprivation amblyopia. 

Children can also develop secondary glaucoma due to 
chronic use of topical corticosteroid eyedrops, following 
eye trauma particularly if associated with traumatic 
hyphema (blood in the anterior chamber) or angle 
recession, after surgery for developmental cataract and 
after chronic uveitis. 


Eye Trauma and Related Problems 


Eye injuries are common in children (Fig. 25.7). Eye injuries 
are considered to be an important cause of preventable 
blindness. Effort must be made to educate the community 
in general, and mothers in particular, about the importance 
of not allowing children to play with sharp pointed toys 
like bows and arrows, firecrackers, chemicals including 
colors during Holi festival or other chemicals like edible 
‘chuna’. Sharp and dangerous household objects like 
knives, scissors and needles, and chemicals like cleaning 
liquid, acid, whitewash paint and edible ‘chuna’ should 
be kept out of reach of children. 

In case an injury is sustained, the eyes should be 
immediately washed thoroughly with locally available 
drinkable water, and the child should be rushed to the 
nearest hospital. 

Perforating injuries of the globe require surgical repair 
under general anesthesia along with administration of 
systemic and topical antibiotics and tetanus prophylaxis. 
The child should be told not to rub the eyes and given only 
fluids while rushing the child to hospital so that there is no 
unnecessary delay in preparing the patient for general 
anesthesia and planning surgery. Meticulous repair of the 
wounds is undertaken as soon as possible to minimize the 
risk of secondary complications such as endophthalmitis, 
expulsion of intraocular contents and later risk of sympa- 
thetic ophthalmitis or an inflammatory panuveitis in the 
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Fig. 25.7a: The sequelae of ocular trauma. Following Injury with 
a wooden stick, the chlid had corneal perforation, which was 
repaired. Traumatic cataract was surgically removed. Note the 
imeversible anatomical damage with corneal scar, distorted Irls 
and pupil and lens capsular opacification 


Fig. 25.7b: The sequelae of chemical injury, due to edible 
chuna’, Despite aggressive management, long-term sequelae 
Include residual conjunctival inflammation with limbal stem cell 


peeled and a scarred, Inegular and opacitied corneal 
surface 


normal eye due to sensitiz 


ation of the immune system to 
the sequestered . 


antigens in the exposed uveal tissue. 


Retinal Diseases 


Children may be affected by a wide variety of retinal 
diseases. Retinal detachment can occur secondary to 
trauma orspontaneously in cases with high or pathological 
myopia. Classical symptoms such as sudden iota of clon 
With floaters and photopsia may not be re ; ted b 

children and the detachment may not be det ea tills ch 
later. Retinal detachment requires surgical PB anced 
the sooner the surgery is Performed the reater are the 
chances of functional recovery of vision Othe di that 
can affect the retinain childhood include demenceativs afd 
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Fig. 25.7c: Following trauma with a compass, this young teenager had to be operated for trauma-Induced cataract and retinal 
detachment and subsequently developed a conjunctival inclusion cyst 


hereditary conditions like retinitis pigmentosa and 
different forms of macular degeneration such as Stargardt 
disease. These diseases lead to gradual, painless, bilateral 
diminution of vision in the first or second decade of life 
which may be accompanied by defective dark adaptation 
or abnormal color vision. No specific treatment modalities 
are available, but refractive correction, low vision aids, 
visual rehabilitation and genetic counseling are ancillary 
measures. 

Vascular abnormalities of the retina such as heman- 
giomas, arteriovenous malformations and exudative 
vitreoretinopathies like Coats disease may be seen. Retinal 
vasculitis may be seen in Eales disease and other inflam- 
matory disorders. Diabetic retinopathy and hypertensive 
retinopathy can occur if these systemic disorders are 
present in sufficient grade of severity and for an adequate 
duration of time. An important disease seen only in 
children is ROP. 


Retinopathy of Prematurity 


This condition unique to children is seen in preterm babies 
due to early exposure to oxygen and other environmental 


factors by a premature, underdeveloped retinal vascular 
system. The chief risk factors are prematurity, especially 
birth before 32 weeks of gestation, birth weight less than 
1500 g and presence of other contributory risk factors such 
as supplemental oxygen therapy, hypoxemia, hypercarbia 
and concurrent illnesses like septicemia. The clinical 
features are graded in stages of severity depending on 
the retinal signs and the zone of retina involved. Children 
at risk should be screened periodically to look for evidence 
of developing what is considered as ‘threshold’ disease, 
i.e. requiring ablative laser treatment of the avascular zone 
of the retina to check further progression and prevent 
blinding stages of the disease which would then require 
surgical intervention to treat the ensuing retinal 
detachment and other complications. 


Blindness and Low Vision in Children 


The World Health Organization (WHO) has categorized 
blindness in different levels based on the extent of vision 
loss. Vision 2020: The Right to Sight is a global initiative 
for the elimination of avoidable blindness, a program 
jointly run by the WHO and The International Agency for 


Table 25.1: WHO categories of visual acuity 


Better eye Worse eye 
6/6 -6/18 <6/18-6/60 
6/6-6/18 <6/60-3/60 
6/6-6/18 <3/60 
<6/18-6/60 or field" <6/18-—-6/60 
6/24—6/60 or field* <6/60-3/60 
6/24—6/60 or field* <3/60 
6/36—3/60 or fieldt <6/60—3/60 
6/36—3/60 or fieldt <3/60 
<3/60 or field? <3/60 
Only HMCF Only HMCF 


Only light perception 
No light perception 


Light perception 
No light perception 


Disability category 
0 

| 

Il (one-eyed person) 
Ill a (low vision) 

Ill b (low vision) 

Ill c (low vision) 

Ill d (low vision) 

Ill e (low vision) 

IV a (blindness) 

IV b (blindness) 


"Visual field <40° up to 20° across, around centre of fixation or hemianopia involving macula 


‘Visual field <20° up to 10° across, around centre of fixation 
*Visual field <10° across, around centre of fixation 
HMCF: Hand movement close to face 
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Fig. 25.8: Low vision and rehabilitation services: (a) Retinoscopy for refraction; (b) Checking acceptance; (c) Child wearing prescribed 
glasses; (d) Teenager using telescope; (€ and f) Helping for near vision 


Prevention of Blindness (IAPB). Priority diseases 
identified include cataract, trachoma, onchocerciasis, 
childhood blindness and refractive errors and low vision. 
The Government of India through the National 
Programme for Control of Blindness (NPCB), Ministry of 
Health and Family Welfare and the Ministry of Social 
Justice and Empowerment, arranges for periodic surveys 
and surveillance to monitor the progress in controlling 
the problem and also offers financial and technical 
assistance for treatment and rehabilitation. Integrating 
children into society even if blind is being recognized as 
important and efforts are being made to help with 
education, training and preparation for future employ- 
ment. Various agencies are involved in developing 
measures to help the visually challenged negotiate 
activities of daily living with help of visual aids and 
navigational devices (Fig. 25.8). 
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skin Disorders 


Skin disorders account for a high proportion of ailments 
in children. 


BASIC PRINCIPLES 


Morphology of Lesions 
Macules 


Macule is a circumscribed area of change in skin color 
without any change in consistency (Fig. 26.1). A macule 
may be hyperpigmented (e.g. café au lait macule), 
hypopigmented (e.g. leprosy), depigmented (e.g. vitiligo), 
or erythematous (e.g. drug rash). 


Papules and Nodules 


Papule is a solid lesion < 0.5 cm in diameter with major part 
projecting above the skin (Fig. 26.2a). Papules may be 
dome-shaped (e.g. trichoepithelioma), flat-topped (e.g. 
verruca plana), conical (e.g. condyloma acuminata), 
filiform (e.g. filiform warts) or umbilicated (with crater on 
surface, e.g. molluscum contagiosum) or verrucous (with 
multiple closely packed firm elevations, e.g. verrucous 
warts). A papule which is >0.5 cm in size and with the major 
part in the skin is called a nodule (Fig. 26.2b). 





Fig. 26.1: Macule: Clrcumscribed area of change In skin color 
without any change In consistency 
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Fig. 26.2: (a) Papule: Solid lesion, <0.5 cm; (b) Nodule: Solid 
lesion, >0.5 cm 


Plaque 


Plaque is an area of altered skin consistency, the surface 
area of which is greater than its depth (Fig. 26.3). A plaque 
can be elevated, depressed or flat. 


Wheal 


Wheal, the characteristic lesion in urticaria, is an 
evanescent, pale or erythematous raised lesion which 
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Fig. 26.3: Plaque: Area of altered skin consistency with a surface Fig. 26.5: Blister: Circumscribed, elevated, superficial fluid-filled 
area greater than its depth lesion 
. Bee, . 2 es Tt’. 7 : 

disappears within 24—48 hours (Fig. 26.4). Wheals are due op) ee eee £| 
to dermal edema, and when the edema extends into Sieh Mey Nee 4 a 
subcutis, it is called angioedema. When the wheals are . & “4 Ae a) bf of cat | 
linear, the phenomenon is called dermographism. Nl TRE Ly Fed | 
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Blister is a circumscribed elevated, superficial fluid filled cavity BO any ATs TU 
(Fig. 26.5). If <0.5 cm, it is a vesicle and if >0.5 cm, a bulla. oh OW ER 33 | 
Scales “4 rth Mela ee | 
~ AF, 
Scales are flakes of stratum corneum (Fig. 26.6) and are ee Ge tay | 
diagnostic in certain dermatoses, e.g. silver easily Lam Bia dB 
detachable flakes in psoriasis, branny scars in pityriasis ie Si yo Ae 
versicolor and fish-like scales in ichthyosis. ¥ Sty 
oN OO Ome 

Crusts EX) 
Crusts are formed when serum, blood or pus dries on the to TU Bee 2k yes) 
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skin surface (Fig. 26.7). Fig. 26.6: Scale: Appears as flakes of stratum corneum 
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Fig. 26.4: Wheal: Evanescent, pale/erythematous raised lesion a REE NBO a a Pg 
which disappears within 24-48 hours Fig. 26.7: Crust: Yellow brown collection of keratin and serum 
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A detect whtel tivalves only the eplderivts ane lets 
without a sear (Ty. 2eda) be called an erosion, while an 
tileet tsa defect Li the akin whitel extends (ita the deente 
ot deepets and teala wilh xeareting (lp. 26.80), 


Afro! 


Atrophy te the reduetlon of mone or all layers of akln, tn 
oplderinal atbop iy, (tatiy OF the ep ldernily lends (alone 
of skin texture and clyarettu: vapor leas weliktlriyy Wither 
depression. Th deemal atrophy, lost of connective tasue 
of the dernits leads to depression of the lealon, 


Lichenitication 


Lichenttleation, whtel ti cated by repeated neratehtng, 
consists ofa trlad of akin thickentng, hyperpigmentation 
and Inereased akin markloge ([g, 26,9), 
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Fig. 26.8: Erosions and ulcors: (a) Eroslons aro due 160 comploto 
OF partial loss of opldormis wilh no loss of dorms; and 
(b) Ulcer Is a dofect In tho kin which oxtonds Info the dorms or 
deeper and heals with scaring 
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fig, 26.9: Uichenification: thictsning os nhesporrectction 
Of skin VAIN INerGgsed shin mamngs 
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Burrow fp a dark serpentine, curvilinear lesion with a 
minute papule at one end and is diagnostic of scabies 
(1g, 26,10), 


COMmGdONGs 
Comedones are due to keratin plugs that form within 


Pllosebaceour apparatus, Comedones can be open or 
closed (My, 26,11) and are pathognomonic of acne. 


Patterns Formed 


Arrangement and configuration of skin lesions can help 
In diagnosis (Table 26,1), 
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Fig. 26.10: Burrow: Serpentine, thread-like, grayisn curvilinear 
lasion, diagnostic of scables 


Table 26.1; Arrangement and configuration of skin lesions 


Arrangoment Example 

Linoar Verrucous epidermal nevus 
Groupod Herpes simplex 
Dormatomal Herpes zoster 

Arcuato Granuloma annulare 

















Fig. 26,11: Comedones: Keratin plugs that form within follicular 
ostla 


Seborrhele dermatitis 





Tinea capitis, 
> pediculosis capilis 


Impetigo contaglosa ——— 
Salmon patch 


Acne, atopic dermatitis, 
port wine stain 







Segmental vitiligo 





Alopic 
dermatitis 
Lichen 
planus 
AA 
ss Scabies 
Diaper dermatilis 
Psoriasis 
Ichthyosis Vitiligo 


Fig. 26.12: Sites of predilection of common skin disease 


SItes of Predilection 


Sites of involvement often give important clues to the 
diagnosis (Fig. 26.12). 


GENODERMATOSES 


Genodermatoses are a group of inherited single gene 
cutaneous disorders that manifest themselves wholly or 
in part in skin, mucous membranes, hair and nails. 


Ichthyoses 


Ichthyoses are a heterogeneous group of disorders 
characterized by the presence of fish-like scales. Several 
variants of ichthyoses are recognized, based on 
inheritance, gene defects and clinical features (Table 26.2). 





Fig. 26.13: Ichthyosls vulgaris: Large scales on extremities 
that are attached at the center and turned up aft fhe edge 
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Fig. 26.14: X-linked Ichthyosis: Large dark brown adherent sco’2s 
encroaching flexures 


The hallmark of the disease is presence of fish-like 
scales, but there are variations in the type of scales, their 
distribution and associated features (Table 26.2, 
Figs 26.13 to 26.17). 


lreatment 


Hydration (by immersing in water) followed by imme- 
diate lubrication with petroleum jelly or urea containing 
creams/lotions are useful. Keratolytic agents (hydrox- 
yacids, propylene glycol) are used when lesions are 
moderately severe. Acitretin (a retinoid) is used in 
severe cases of congenital ichthyosiform erythroderma, 
lamellar ichthyosis and in keratinopathic ichthyosis. A 
short course of topical steroid and antibiotic combina- 
tion is applied, if skin is eczematized. 


Inheritance 
Defect 

Age of onset 
Sex 
incidence 


Clinical 
features 


Sites of 
predilection 


Associated 
features 


fchthivosis vulgaris 


Autosomal dominant 


Reduced or absent 
filaggrin that helps 
form keratin filament 


3-12 months 
Equal in both sexes 


Common 


Fine white scales on 
most parts of body 
Large mosaic-like 
scales, attached 

(at center and 
upturned at edges 
on extensors of 
lower extremitias 
(Fig. 26.13) 
Extensors of limbs; 
major flexures always 
spared; face usually 
spared 


Hyperlinear palms and 
soles; keratosis pilaris; 
atopic diathesis 


Skin Disorders 


Table 26.2: Clinical features of lehthyoses 


X4inked lehthyosia 


X-lInkod rocosslve 


Deficloncy of storold 
sulfataso enzymo 


Birth 
Only malos 


Rare 


Largo dark brown 
adheront scalos 
(Fig. 26,14) 


Generalized 
involvement; 
encroachment of 
flexures; palms 
and soles spared 


Corneal opacities; 
cryptorchidism 





Fig. 26.15: Lamellar ichthyosis: Large plate-like scales 


Collodion Baby 


Neonate is born completely covered with shiny (lacquer- 
like), taut membrane (Fig. 26.18), resulting in obliteration 
of normal skin markings. Ectropion, eclabium, flattening 





Lamellar [chthyosia = Nonbullous 
Ichihyoslform 
orylhroderma 

Autosomal recessive Autosomal 
fOC6ESIV6 

Defect/dollcloncy of —§ Mutation of 

lransglulam|nase ABCA 12, 
ALOX12B 

Birth Birth 

Equal In both soxos = Equal In both 
BGXGH 

Vory raro Rare 

Collodion baby at birth, Collodion baby 


onshoathoed In shiny 
lacquor-liko mormbrane 


which on shedding scales and 
rovoals diffuse largo marked 
thick brown plato-like erythema 
scalos (Fig, 26.15) (Fig, 26.16) 
which porsist for life; 

orythoma minimal 

Genoralizod involve- Generalized 


mont; accentuation 
on lower limbs 
and flexures 


scaling 


Ectropion and 
eclabium; crumpled 
ears; palmoplantar 
keratoderma 
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Fig. 26.16: Congenital ichthyosiform erythroderma: Diffuse 
erythema with fine scales 


at birth; followed 
by fine branny 


erythema and 


Palmoplantar 
keratoderma 
less frequent 


[os 


Koratinopathic 
ichthyoals 


Autosomal 
(GCGSESIVE 


Keratin 1 and 10 
defect 


Binh 
Equal in both sexes 


Rare 


Generalized 
erythema vath 
blistering at 

birth. Followed by 
brovin, warty, 
broad linear 
plaques (Fig. 26.17). 
Scales may fall off 
leaving skip areas 
Generalized 
involvement}; 
accentuation in 
flexures 


Palmoplantar 
keratoderma in 
>60% 








of nose and ears, and sausage-shaped swelling of the digits 
are common, Over 1-2 weeks, the collodion membrane 
desiccates and is gradually shed, revealing underlying 
congenital ichthyosiform erythroderma or lamellar 
ichthyosis or Sometimes normal skin. 
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Fig. 26.17: Keratinopathic ichthyosis: Brovwnish, warty, brood 
lineor plaques 


——_- 


Fig. 26.18: Collodion baby: Baby is ensheathed in a shiny 
lacquer-like membrane 


Collodion babies are at risk of thermoinstability, 
hypernatremic dehydration, skin infections, pneumonia 
and sepsis. 


lreatment 


Since collodion babies are frequently at risk of several 
complications, they are best managed in a controlled, 
humidified environment, carefully monitoring for fluid 
and electrolyte imbalance. Skin care (frequent application 
of emollients) and eye care are paramount. Oral acitretin 
is often needed. 


Palmoplantar Keratoderma 


PPKD may be inherited or acquired. Hereditary 
keratodermas are a heterogeneous group of disorders 
with AD or AR inheritance. While diffuse and focal 
types of PPKD inherited in an ausomal dominant 
manner, the mutilating and transgradiens variants have 
an AR inheritance. They may occur in isolation or be 


part of a syndrome. Acquired PPKD may develop due 
to friction (corns and callosities) or be a manifestation of 


other inflammatory dermatoses, e.g. psoriasis. 


Clinical Features 

Inherited PPKD is characterized by thickening of palms 
and soles which usually manifest at birth or in the first 
few months of life. The thickening may vary from mild 
to moderate (Fig. 26.19) or may be severe, in which case it 
mav be mutilating (Fig. 26.20). The keratoderma may be 
restricted to palms and soles or spill on to dorsae of hands 
and feet (keratoderma transgradiens; Fig. 26.21). 


Treatment 

Therapy for PPKD includes use of emollients, keratolytics 
(salicylic acid 6%, urea 30-40%), topical retinoids and 
vitamin D (calcipotriol), all used after soaking in water. 
In mutilating variants, treatment with oral acitretin may 
be warranted. 





Fig. 26.19: Palmoplantar keratoderma: Autosomal dominer’ 
variant, with thickening of palms 





Fig. 26.20: Palmoplantor keratoderma: Autosomal recessive. 
massive thickening and mutilation 
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Fig. 26,21; Palmoplantar keratoderma: Tansgiaciens variant, 
with keratoderma spilling onto dorsae of feel 


Epidermolysis Bullosa 


Epidermolysis bullosa are a heterogencotun HrOUp of 
disorders detined by a tendency to develop blisters even 
on trivial trauma. Several variants af RB are recognized 
based on inheritance, gene defects and ellateal features 
(Table 26.3), EB simples and dominant dystrophle ED have 
an AD inheritance, while jumetional EB and recernilye 
dystrophic EB have an AR inheritanee, 


Clinical Features 


The hallmark of the disease is tendency to develop 
blisters even on trivial injury, predominantly at sites of 
trauma. However, there are differences In lype of 
blistering, their distribution and severity, evolution and 
sequelae as well as the degree of mucosal and nall 
involvement in the different variants (Table 26,5, 
Figs 26.22 to 26,25). 
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Table 26,3: Clinical features of epldarmolysis bullosa (EB) 


EB simplex Junctional EB 
Age of onset Early childhood At birth 
Skin lesions Nonhemorrhagle largo flaccid hullae 


which heal slowly 
(Fig, 26,23) 


bullae which hoal 
without scarring 
(Fig, 26,22) 


Sites Hands and foal Trunk and sites of 


Domlnant dyatrophile EV 
AL birth, Inlanoy 


Hamorhaglo bilsters 
whigh heal with soma 
acarlng and milla 
(Fig. 26,24) 


Hacesslve dystrophic EB 
AL birth 


Hamonrhagle blisters 
which heel with scarring 
(Fig, 20.26) 


trauma (knoos, elbows, 


fingors), Porlorificial 


granulation tissue 


Biles of trauma Gongrallzod 

Minimal Hovers 

Prasant Proseorn 

Bearing and milla Boavers scaring, derveloprnent 
formation Of contracturas, fusion of 


Higits arid esecpbisagenl 
ntrieturas 
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Mucosal lesions None Involved 

Nail involvement Absent Prosent 

Complications Heal without Ono variant 
scarring lothal 

Level of split Intraepidermal Lamina lucida 


Gene defect 


Keratin 5 and 14 


Laminin, collagen X\V{j 


Bublamina densa 
Collagen VII 


Hublarniss deriss 
Collagen Vil 
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Fig. 26.23: Juncitional epicermolysis bullosa: Periorificial 
sfcnuiction tissue 
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Fig. 26.24: Dominant dystrophic epidermolysis bullosa: 
Localized involvement of trauma prone site, bullae heal with 
milia formation 
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Fig, 26.25: Recessive dystrophic epldeunolysts ballosg 
Geren!nad imeNement with bullae which heal with scaring 
Note less cf nails 
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Fig. 26.26: Anhidrotic ectodermal hypoplasia: 
sparse hair and absence of teeth 
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Typleal tacles 


Dental restoration and use of artificial tears to prevent 
drying of eves is often necessary. 


Hidrotic Ectodermal Dysplasia 


This autosomal dominant disorder presents with patehy 
alopecia with sparse wiry hair, progressive palmar and 
plantar hyperkeratosis and dystrophic nails. Sweating and 
teeth are normal. 


Neurocutaneous Syndromes 


Neurofibromatoses 


Neurofibromatoses encompass eight inherited disorders, 
of which neurofibromatosis type 1 (NF 1) is most common. 
NF1 is an autosomal dominant disorder with 100° 
penetrance. The defect is mutation/deletion of NFI 
gene. 


Skin Disorders 


Clinical features: At least two of the following criteria 

should be met to reach a diagnosis of NFI: 

1. Six or more café au lait macules (Fig. 26.27) which are 
>5 mm in prepubertal age group or >15 mm in post- 
pubertal age group. 

2. Two or more neurofibromas (Fig. 26.27) of anv type, or 

one or more plexiform neurofibromas. 

Freckling in axillae or groin. 

. Optic glioma. 

Two or more Lisch nodules on slit lamp examinatiore 

. Dysplasia of the sphenoid; dysplasia or thinning of long 

bone cortex. 

7. First degree relative with NF1. 


Neurofibromas which are symptomatic or have turned 
malignant need to be excised. 


nM ew 


Tuberous Sclerosis Complex [TSC] 
TSC is an AD inherited disorder with variable expressivity, 
even within the same family. 


TSC may have protean manifestations involving several 
organ systems (Table 26.4, Fig. 26.28). 





Fig. 26.27: Neurofibromatosis type 1: Presence of skin-colored 
soft papulonodular lesions associated with cafe au lait macules 


and lentigines 


Table 26.4: Criteria for diagnosis of tuberous sclerosis complex 
Minor features 

Confetti skin lesions 
Gingival fibromas 
Multiple dental pits 

Rectal polyps 

Bone cysts 

Multiple renal cysts 
Retinal achromic patch 


Major features 


Facial angiofibromas 

(Fig. 26.28a)/forehead plaque 
Periungual fibromas 

Ash leaf macules (Fig. 26.28b) 
Shagreen patch 

Multiple retinal hamartomas 
Cerebral tumors 

Renal angiomyolipoma 
Cardiac rhabdomyoma 

Definite TSC: Presence of either 2 major OR 1 major + 2 minor criteria 


Probable TSC: Presence of 1 major + 1 minor criteria 
Possible TSC: Presence of 1 major OR 2 minor criteria 
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Treatment: Children with seizures need simrtematic 
treatment with anticonvulsants. Ane 
radiofrequency ablated. Rapamycin. administend In 
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topical route for tactal lesions and erally for cerebra 
lesions, has beer used successfully. 
Incontinentia Pigmenti 

This is an X-linked dominant multisystem disorder. 
predominantly affecting females Characteristic auanocus 
manifestations occur in four stages: the vesicular (Fig. 20.8) 
verrmucous. hyperpigmented and hypopigmentd stages. 
There can be associated dental. ocular, neurological and 
developmental anomalies. Management includes genetic 
counseling of the parents and symptomatic car. 


Xeroderma Pigmentosum 


This is an AR condition, due to defective nucleotide 
excision repair of photodamagal DNA, and character rad 
by extreme photosensitivity (manifesting 2s route sun 
burn) with onset in infancy. Over next 2-3 years the child 
develops hyperpigmented (freckle like} and hv po- 
pigmented lesions predominantly on the photorposad 
skin on a background of \erosis (Fig. 20.20). Qver time. 
most children develop actinic keratoses (a premalignant 











| condition), basal cell car cinoma, squamous cell carcinoma 
and melanomas. Most children also have photophobia, 
conjunctivitis, keratitis, corneal opacities and develop 

of eyelids and conjunctiva. Neurological 


malignancies | : 
ravolvanient js seen ina third of the patients. 


Treatment Rigorous sun protection (lifestyle modifica. 
lions and sunscreens) and use of topical and systemic 
retinoids delays and reduces development of neoplasias, 
Equally important is oncosurveillance and appropriate 
treatment of premalignant and malignant skin lesions, 
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Nevus is a developmental disorder characterized by circum- 
scribed hyperplasia of epidermal or dermal structures, 








Fig. 26.29: Incontinentia pigment, vesicular phase: Multiple crusted = Melanocytic Nevi (MN) 
vesicular lesions over the right lower limb of a female child MN are composed of nests of melanocytic nevus cells 
and may be congenital or acquired. Acquired MN may be 
junctional (with nevus cells at dermoepidermal junction), 
compound (with nevus cells at dermoepidermal junction 
and in dermis) and dermal (with nevus cells only in 
dermis). Of these, first two are seen in children while 
the dermal variant is seen only in adults. 

The clinical presentation depends on the type of MN 
(Table 26.5, Fig. 26.31). 


Treatment 

Congenital MN especially those larger than 20 cm, need 
to be observed for malignant transformation. Acquired 
MN can be left alone. 


Dermal Melanocytosis 
Mongolian Spot 


Mongolian spot is a dermal melanocytosis, due to 
PN Ae entrapment of melanocytes in dermis during their 

SP ree he migration from the neural crest into the epidermis. These 
Fig. 26.30: Xeroderma pigmentosa: Multiple, brown to black = spots present at birth (or soon thereafter) as gray blue 
freckle-like lesions over the face and lips, associated with macules, in the lumbosacral region and disappear 
conjunctival congestion spontaneously by early childhood. 





Table 26.5: Clinical features of melanocytic nevi in children 


Congenital nevus Junctional nevus Compound nevus 

Age of onset Birth Early childhood Childhood 

Morphology Macules, papulonodules or Macules with smooth margin; Dome-shaped, smooth papules; brown- 
plaques at birth; dark brown brown to dark brown-black, black with color variation 
or black lesions with color variation 

Hair Usually have coarse hair No hair May have hair 
which may appear whorled 
(Fig. 26.31) 

Site Any part of the body Palms, soles or genitals Face 

Complications Malignant transformation in Malignant transformation rare Inflammation; malignant transformation 
giant lesions; meningeal rare 


involvement; spina bifida, 
if on mid line on back 


Skin Disorders 
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Fig. 26.31: Congenital malanocytic nevus: Dark brown black 


plaques surmounted with coarse black halr which appear 
whored 


Nevus of Ota 


Presents at birth or infancy (sometimes in adolescence) 
and consists of mottled slate-gray and brown hyper- 
pigmented macules in the distribution of the maxillary 
division of trigeminal nerve (Fig. 26.32). Lesion persists 
for life and is frequently associated with pigmentation of 
sclera (slate-gray) and conjunctiva (brown). Pigmentation 
of nevus of Ota frequently impacts child’s psychosocial 
development and can be reduced by treating with 
Nd:YAG laser. 


Epidermal Nevi 


These nevi usually present at birth, as multiple brown 
papules arranged linearly (Fig. 26.33). Several variants 
are described, including verrucous epidermal nevus, 
inflammatory linear verrucous epidermal nevus, naevus 
comedonicus and nevus sebaceous. 

Topical retinoic acid and dermabrasion are helpful. 
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Fig. 26.32: [lavus of Ota: Slate-gray, mottied hypemigmentaiion 
of skin of perlorbital skin vith slate-gray pigmentation of sclera 





Fig. 26.33: Verrucous epidermal nevus: Muttiple, brown papular 
lesions, arranged linearly 


Vascular ‘Birthmarks’ 
Vascular ‘birthmarks’ are classified based on the 
pathogenesis, evolution, clinical manifestations and on 


the presence of associations into vascular tumors and 
vascular malformations (Table 26.6). 


Table 26.6: Classification of vascular ‘birthmarks’ 


Vascular tumors 
After birth 
Initial growth followed by involution 


Age of onset 
Evolution 


Infrequent 
Infantile hemangioma 


Underlying defects 
Examples 


Vascular malformations 
Always present at birth 


Growth proportionate to that of child and then persists 
(except Salmon patch) 


Frequent 


High flow 
e Arteriovenous malformations 
Low flow 
* Capillary 
— Port-wine stain 
— Salmon patch 
e Venous 
e Mixed 
« Lymphatic 





Mi cso | 


Clinical Features 


The lesions could have one vascular component (e.g. 
capillaries) or have more than one component (mixed 
malformations). Diagnosis is based on morphology and 
progression of lesion(s) (Table 26.7, Figs 26.34 and 26.35). 
Mixed malformations are characterized by presence 
of several vascular components (capillaries, veins and 
lymphatics) along with other nevi and are often 
associated with underlying skeletal abnormalities: 
¢ Klippel-Trénaunay syndrome is characterized by 
presence of capillary malformations on the limbs in 
association with soft tissue swellings, venous 
varicosities with or without bony hypertrophy. 
Proteus syndrome is characterized by asymmetrical 
overgrowth (sometimes massive) of a part of the body 
(Fig. 26.36), associated with presence of epidermal nevi, 
hemangiomas, vascular malformations and lipoma-like 


, 
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hamartomas. Extracutaneous findingsinclude lung any 
renal cysts, skeletal and dental abnormalities, seizures 
and ocular complications. 


Treatment 


Salmon patch: No treatment required. 


Infantile hemangioma: Small lesions resolve spontancously, 
Large symptomatic lesions need treatment with systemic 
steroids in the proliferative phase. Propranolol used under 
supervision shows dramatic result. Pulsed-tunable dye 
laser is useful for cosmetic results. 


Port wine stain: Cosmetic camouflage; laser ablation with 
pulsed-tunable dye laser. 


Lymphangioma: Surgery, carbon dioxide laser, radiofrequency 
ablation. 


Table 26.7: Clinical features of vascular ‘birthmarks’ 


Infantile hemangioma 





Salmon patch Port wine stain Lymphangioma 

Onset After birth At birth At birth At birth 
Morphology Soft, bright nodule Telangiectatic Light pink-deep red Cluster of thin-walled 

with pale stippling macules macules (Fig. 26.35); vesicles 

(Fig. 26.34) bosselated with age 
Site Face forehead, eyelids Nape of neck Face Trunk 

and neck 
Complications Interfere with None Sturge-Weber syndrome 

function; bleeding associated with 

or ulceration hamartomas; 

seizures, eye deficits 

Course Grows for a few months; Involutes by age of Persists throughout life Persists 

later regresses one year 
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Fig. 26.34: Infantile hemangioma: Soff bright red nodule with 
pale stippling 
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Fig. 26.35: Port-wine stain: Light pink to deep red macule often 
developing bosselation as Child grows 
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Fig. 26.36: Profeus syndrome: Asymmetical, cispropartionate 
soft tissue Overgrowth of left index finger associated with 
misalignment 


DERMATITIS 





Dermatitis manifests in acute phase as papulovesicular 
lesions, and in chronic phase as thickened, dry sometimes 
lichenified skin. 


Afopic Dermatitis 


Atopic dermatitis is an acute, subacute or chronic 
relapsing, endogenous eczema, characterized by dry 
skin and recurrent, pruritic, symmetric dermatitic lesions. 

The condition is due to a complex interaction between 
genetic susceptibility and immunological changes with 
heightened IgE response. 


Clinical Features 


Lesions develop in infancy, anytime after 3 months of 
age. In children, two distinct patterns are recognized. 


Infantile pattern: Manifests as itchy, erythematous 
papulovesicles, on the face (Fig. 26.37), but may become 
generalized. The lesions clear by 18 months of age in 
40% and evolve into childhood pattern in the rest. 


Childhood pattern: Childhood pattern is characterized 
by dry, lichenified and crusted plaques, seen mainly on 
antecubital (Fig. 26.38) and popliteal fossa, the neck and 
face. Most (70%) clear by 10 years of age. 

The diagnosis is based on Hanifin and Rajka criteria 
(Table 26.8). Secondary bacterial and fungal infections 
are frequent. Viral infections like herpes simplex and 
molluscum contagiosum may become widespread. 


Treatment 


General measures: Care takers and the child should be 
counseled about the chronicity of the disease and that 
the child should avoid contact with irritants (woolens 
and chemicals). Measures to reduce exposure to house 
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Fig. 26.37: Infantite pattern of alople det natitls, Mapulovesle ult 
lesions ay) the face 





Fig. 26.38: Childhood pattern of atople dennatitis. Dry plaques 
in the flexures 


dust mite (using barriers on pillows and mattresses, 
regular vacuuming of rooms) may help. There is ne 
contraindications to vaccination except in children speci 
fically allergic to eggs, in whom intluenza and yellow 
fever vaccines are avoided. Dietary restrictions are usually 
not warranted and breast feeding is encourayed as it may 
decrease the chance of the infant developing the disease, 


Skin care: Mild soaps and cleansing lotions are to be 
used for bathing followed immediately by application of 
moisturizers to skin. However, the cost-effectiveness of 
moisturizers Which claim to replenish natural 
moisturizing factors is debatable. 


Acute lesions are treated with wet dressing: and 
topical steroids. Antibiotics and antifungals (topleal/ 
systemic) are used when indicated, Oral antihistaminics 
are often prescribed, 
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Table 26.8: Hanifin and Rajka criteria for atopic dermatitis 
Major features (must have 23) 


Pruritus 

Typical morphology and distribution: 

¢ Facial and extensor involvement in infants and children 

¢ Flexural lichenification in adults 

Dermatitis, chronic or chronically relapsing 

Personal or family history of atopy (asthma, allergic rhinitis, 
atopic dermatitis) 


Minor features (must have 23) 


Cataracts (anterior subcapsular) 
Cheilitis 

Conjunctivitis, recurrent 

Facial pallor or erythema 

Food intolerance 

Hand dermatitis: Nonallergic, irritant 
Ichthyosis 

Elevated levels of IgE 
Immediate (type |) skin test reactivity 
Infections 

Itching, when sweating 
Keratoconus 

Keratosis pilaris 

Nipple dermatitis 

Orbital darkening 

Palmar hyperlinearity 
Perifollicular accentuation 
Pityriasis alba 

White dermographism 

Wool intolerance 

Xerosis 


Chronic lichenified lesions are managed by hydration 
followed by application of emollients (like petrolatum) 
and a short course of topical steroids. It is preferred to 
use the least potent steroid which reduces symptoms; 
potent steroids are avoided on face and genitalia. 
Topical immunomodulators (tacrolimus and pime- 
crolimus) are useful because of their steroid-sparing and 
antipruritic action. Oral antihistaminics are used to 
break the itch-scratch cycle. Narrow band UVB and 
systemic immunosuppressives (steroids, cyclosporine 
and azathioprine) may be needed in extensive/resistant 
disease. 


Infantile Seborrheic Dermatitis 


The onset is usually in the first 4 weeks of life, 
manifesting as erythema and yellow-orange scales and 
crusts (Fig. 26.39) on the scalp (cradle cap). Eczematous 
lesions may also develop in the major flexures and 
trunk. The illness is self-limiting and generally resolves 
by 12 weeks. Malassezia furfur is incriminated in 
pathogenesis. 
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Fig. 26.39: Infantile seborrheic dermatitis: Erythema with yellow. 
orange scales on the scalp 


Treatment 


The crusts of cradle cap should be removed and this can 
be facilitated by pretreatment with an oil. Application of 
2% ketoconazole shampoo, mild topical steroid or 
pimecrolimus/tacrolimus hastens subsidence. 


Diaper Dermatitis 
Etiology 


Diaper dermatitis is irritant dermatitis in infants due to 
prolonged contact with feces and ammonia (produced 
by the action of urea-splitting organisms in urine), often 
complicated by superadded candidal infection. Area in 
contact with diapers (convexity of buttocks) shows 
moist, glazed erythematous lesions with sparing of 
depth of flexures (Fig. 26.40). 


lreatment 


Diaper dermatitis is prevented by keeping area clean and 
dry and avoiding the use of disposable semiabsor?ent 
occlusive diapers. Washed cotton diapers should be rinsed 





Fig. 26.40: Diaper dermatitis: Moist, glazed erythematous 
lesions. Depth of folds typically spared 
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Skin Disordors 
Se 
in dilute lemon juice/ vinegar, Emollients and mild topical 
steroids with antifungal agents are useful in the acute phase, 


Pityriasis Alba 


Asymptomatic, ill-defined, hypopigmented macules with 
fine scales are seen on face, in children 2-6 years of age. 
The lesions are self-limiting, clearing spontaneously in a 
few months to couple of years. 


lreatment 


The family is reassured regarding the benign nature of 


the illness and that it is not vitiligo. Mild emollients may 
be used. 





DISORDERS OF SKIN APPENDAGES 


Acne Vulgaris Flg. 26.41: Acne vulgaris: Polymorphic eruption with 


comedones, papules and pustules 
Acne vulgaris occurs in almost all peripubertal children. 


The age of onset is 12-14 years, being earlier in females  Nerapy 
and in about 70% of subjects, the lesions subside by early 
3rd decade. It affects both sexes equally, but nodulo- 
cystic acne 1s more frequent in males. 


General measures: Though there is no restriction on use 
of cleansers, it is best to use pH-balanced syndets and 
avoid oil and oil-based skin care products. No dietary 
Etiology and Pathogenesis restrictions are usually needed. Specific therapy depends 


on the severity of the disease (Table 26.9). 
Lesions develop due to inflammation of the pilosebaceous 


units and etiology is multifactorial and includes: Alopecia Areata 


Increased sebum secretion: Sebaceous glands in these Eflology 
patients show enhanced sensitivity to circulating 


This is a skin-specific autoimmune disease, due to 
androgens leading to increased sebum secretion. 


inappropriate immune response to hair follicle associated 
Microbial colonization: Propionibacterium acnes(anormal antigens. 


commensal) is most commonly implicated. The condition affects children and young adults, who 


Occlusion of pilosebaceous orifice: Pilosebaceous orifice is P oe wal pigeaid ee ot Hon -anrarmmatary. agar 
: cicatricial alopecia with exclamation mark hair at 

occluded by keratin plugs leading to retention of sebum and me ; 
consequent growth of microbes, setting up a vicious cycle. periphery (Fig. 26.42a), The common sites of involvement 
nseq gro ; are scalp, eyelashes and eye brows. In ophiasis, there is a 
band-like alopecia in the periphery of the scalp, in alopecia 





Release of inflammatory mediators: Distended follicle 
ruptures, releasing inflammatory chemicals into dermis, 
stimulating intense inflammation. , Spe temie 5, 

6 Table 26.9: Management of acne 


Clinical Features Severity Subtype Drug of choice 

Patients present with a polymorphic eruption of open and Mild Comedonal Topical retinoids like retinoic 
closed comedones, papules, pustules and nodules, on a acid and adapalene 
background of oily skin (Fig. 26.41). The lesions usually Papulopustular Topical retinoids/benzoy! 
heal ait pitted scars. The lesions typically occur on face peroxide. Oral antibiotics, if 
and upper necessary 


Moderate Papulopustular Oral antibiotics + topical 


Infantile acne is caused by maternal hormones and ratinoids and/or benzoyl peroxide 


Presents at birth, lasting up to 3 years. It is common in 


: 2 Nodular Oral antibiotics + topical 
males and lesions are similar to adolescent acne. retinoids and/or benzoy! peroxide 
Acne conglobata is a severe form of acne characterized vi bbe thn oe + 
by abscesses, cysts and intercommunicating sinuses, pica! retinoids 

Severe Nodular/acne Oral retinoids* 


Drug-induced acne: Drugs causing acne include steroids, conglobata In girls: Oral antiandrogens + 
androgens, antituberculous and anticonvulsant drugs. The topical retinoids 
€ruption consists of monomorphic lesions of papules or 


Pustules * Oral retinoids may be used in females with moderate or severe lesions 
: under supervision 
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Fig. 26.42: (a) Alopecia areata: Noncicatricial, non- 
Inflammatory, discoid lesions with exclamation, mark hair at 
periphery; (b) Alopecia totalls: Total loss of terminal hair from 
scalp, face and body in 


totalis, there is total alopecia in the scalp, while in alopecia 
universalis there is total loss of terminal hair from scalp, 
eyebrows, eyelashes, beard and body (Fig. 26.42b). Nails 
may occasionally show fine pitting and thinning of the 
nail plate. 

Spontaneous remission is common. Initially, the 
regrowing hairs are grey, but regain color over period of 
time. Poor prognostic features include onset in childhood, 
ophiasis, association with atopy and widespread alopecia. 


Treatment 


Treatment depends on extent and course of disease 
(Table 26.10). 


Miliaria 


Etlology 


Miliaria is due to obstruction and rupture of eccrine sweat 
ducts resulting in spillage of sweat into adjacent 
epidermis/dermis. Depending on the level of rupture, 
miliaria is classified into: 

* Miliaria crystallina 

* Miliaria rubra 

* Miliaria profundus 


— 
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Table 26.10: Treatment of alopecia areata 
Clinical severity Management 
Single or a few lesions Observe; spontaneous recovery 
of <6 months duration common 
Single orafew lesions ° Topical corticosteroids 
of >6 months duration; °* Intralesional triamcinolone 
rapid progression * Topical minoxidil, 2-5% 

¢ Topical psoralens and ultraviolet 
A (PUVA/PUVA sol) 


Extensive lesions ¢ Oral corticosteroids 


Oral PUVA/PUVA sol 
Induction of allergic contact 
dermatitis with diphencyprone 


Rapid progress 


Miliaria crystallina: Usually seen during high fever, 
miliaria crystallina is characterized by tiny, noninflamed, 
superficial vesicles (Fig. 26.43). 


Miliaria rubra: Usually seen during hot, humid climate, 
miliaria rubra is characterized by small erythematous 
papules, commonly surmounted by vesicles. 


Miliaria profunda: Characterized by erythematous 
papules. 

Therapy is symptomatic. Patients should avoid 
humidity and wear cotton clothes. Itching/ burning can 
be reduced with calamine lotion and topical steroids. 


Trachyonychia 


Most common associations are alopecia areata, psoriasis, 
and lichen planus. It is characterized by the presence of 
gray rough surface due to multiple, longitudinal, linear 
striations affecting all nail plates (hence also called 20-11! 
dystrophy; Fig. 26.44). In children, itis a self-limiting condition. 





Fig. 26.43: Miliarla crystallina: Tiny, non-inflamed superficia! 
vesicles 





Fig. 26.44: Trachyonychia: Multiple, longitudinal, linear striations 
over the fingernails associated with roughness of nail surface 


Pachyonychia Congenita 


It is a rare autosomal dominant disorder, characterized 


by gross thickening (tenting) of nail plates (Fig. 26.45a), 
oral lesions in form of leukoplakia (Fig. 26.45b) and 
keratoderma of palms and soles. 


——— 


Fig. 26.45: (a) Pachyonychia congenita: Massive thickening of the 
Nail plates resulting in tenting of nails; (b) Leukoplakia of the tongue 
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PAPULOSQUAMOUS DISORDERS 
Psoriasis 


Etiology 


Psoriasis is a disease of T cells, with interplay of genetic 
factors (PSORS1-8 genes, and several others) and 
environmental influences (physical trauma, infections and 
drugs). 

Based on morphology of lesions, psoriasis is classified 
as chronic plaque psoriasis, guttate psoriasis and pustular 
psoriasis. Based on age of onset, chronic plaque psoriasis 
is classified into type I (onset in childhood or adolescence, 
positive family history, association with HLA-CW6, severe 
disease, prominent Koebner phenomenon and prolonged 
course, requiring aggressive therapy) and type II psoriasis 
(onset in adults). 





Clinicol Feotfures 


Chronic plaque psoriasis (CPP): CPP is characterized by 
well-demarcated, indurated, erythematous, plaques 
surmounted by silvery scales (Fig. 26.46), which are 
accentuated on grating the lesion with a glass slide 
(Grattage test). Removal of the scales by further scraping 
reveals a glistening white membrane and on removing 
the membrane, punctate bleeding points become visible 
(Auspitz sign). Lesions become polycyclic due to 
confluence and annular because of central clearing. 
Symmetrical involvement of knees, elbows and extensors, 
lower back, scalp and sites of trauma (Koebner or 
isomorphic phenomenon) is seen. Face and photo-exposed 
areas are generally spared. 


Guttate psoriasis: It typically occurs in children and 
adolescents and is characterized by crops of small, 
erythematous scaly papules, predominantly on trunk. 
Guttate psoriasis is often triggered by streptococcal 
tonsillitis. 





; 
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Fig. 26.46: Chronic plaque psoriasis: Well-demarcated, 
Indurated, erythematous plaques surmounted by silvery scales 
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Pustular psoriasis: Though pustular psoriasis is rare in 
children, several variants are described. Annular pustular 
psoriasis, the variant typically seen in children, is 
characterized by subacute onset of fiery red erythema 
surmounted by cluster of very superficial creamy white 
pustules, which form circinate or annular lesions 
(Fig. 26.47). Infantile and juvenile pustular psoriasis is seen 
in infants and has a benign course. It is often confused 
with seborrheic and napkin dermatitis. 


Nail changes: Include coarse irregular pits, thickening of 
nail plate, subungual hyperkeratosis, onycholysis, oil 
spots and discoloration of nail plates. 


Joints: Ten percent of patients have joint involvement. 


Treatment 


It is important to counsel the parents and the child about 
the chronic nature of the disease and the likelihood of 
relapses, Several options are available for treatment 
depending on the type and extent of disease (Table 26,11). 





Fig. 26.47: Annular pustular psoriasis: Superficial pustules which 
coalesce to form annular lesions 
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Table 26.11: Treatment of psoriasis 


Treatment of cholce 
Psoriasis vulgaris 
Localised (<10% BSA) 


Extensive (>10% BSA) Narrow band UVB 


Facial lesions 
Guttate psoriasis 
Narrow band UVB 
PUVA/PUVA sol* 
Methotrexate 
Cyclosporine 


Pustular psorlasis 


Topical coal tar+ salicylic acid ointment 
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Lichen Planus 

The etiology is unknown. A lichenoid eruption may be 
triggered by drugs like chloroquine and as a manifestation 
of graft versus host disease. 

Lichen planus is characterized by presence of pruritic, 
polygonal, pu rple (violaceous) plane (flat) topped papules 
(Fig. 26.48) with white streaks (Wickham striae) on the 
surface. They are seen on wrists, around ankles and may 
appear at sites of trauma (Koebner phenomenon). Mucosal 
involvement is seen in 25% patients in form of reticulate 
lacey pattern on buccal mucosa, gingiva and gingiva or 
superficial erosions on tongue and buccal mucosa. 
Annular lesions may be seen on genitalia. Rarely scarring 
alopecia is present. Nail changes are infrequent in children. 


Treatment 
Therapy depends on the severity of the disease (Table 26.12). 


Lichen Nitidus 


Lichen nitidus most commonly presents in children and 
young adults. Classically, tiny 1-2 mm, monomorphic, 
hypopigmented/flesh-colored papules with a shiny 
surface are seen on the arms, chest and abdomen. The 
penile shaft is often involved (Fig. 26.49). Koebnerization 
with a linear arrangement of papules is a common finding. 
Lichen nitidus is a chronic, self-limiting disease, with an 
average course of about 1 year. 

Mid-potent topical corticosteroid or topical tacrolimus 
can be used in children to relieve the pruritus. 
Phototherapy has been tried in refractory cases. 


Lichen Strlatus 


Lichen striatus is characterized by presence of hypo- 
pigmented/erythematous papular lesions configured 
linearly usually on the limbs. Active lesions subside 
spontaneously, leaving behind atrophic, post-inflammatory 
hypopigmentation (Fig. 26.50). Counseling about the self- 


limiting nature and that it is not vitiligo is often all that is 
required. 
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Alternative modalities 


Topical steroids + salicylic acid 
Methotrexate 

Acitretin 

Cyclosporine A 

PUVA/PUVA sol* 


Topical tacrolimus, pimecrolimus 
Antibiotics and emollients 


Coal tar 
Tacrolimus 


Mild topical steroids 
Acitretin 


* PUVA: Psoralen + UVA should not be used in children <10 years of age 
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Fig. 26.48: Lichen planus: Polygonal, flat-topped, violaceous 
popules 


Table 26.12: Treatment of lichen planus in children 
Type of disease 


Localized 


Extensive 


Thérapy* 
Topical steroids 


Narrow band UVB 
Oral steroids 
Acitretin 


Scalp lichen planus Oral steroids 


Mucosal lichen planus Dapsone and topical steroids 


in orabase 
Oral steroids 
Acitretin 


*Oral antihistamines to be added, if lesions itchy 
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Fig. 26.49: Lichen nitidus: Multiple, small, monomorphic, 
ted papules over the lower addomen and shaft 
Of penis 


Fig. 26.50: Lichen striatus: a SébIGMECIEN atrophic macules 
configured linearly over left forearm 


Pityriasis Rosea 
Etiology 


The condition may be triggered by reactivation of human 
herpes viruses (HHV-7, HHV-6). 


Clinical Features 


PR begins with a ‘herald patch’ in 80% cases. Lesion is 
characteristically oval, wrinkled with a collarette of scales 
at the periphery. This is followed by multiple, smaller, 
oval to round scaly secondary eruptions. Their arrange- 
ment is characteristic as lesions run downwards and 
outwards from the spine (Christmas tree appearance) 
along lines of cleavage. The condition is self-limiting, with 
the lesions resolving spontaneously within 2-10 weeks. 
No treatment is usually required. Oral antihistamines, 
calamine lotion and topical steroids may be used to 


decrease itching. Recalcitrant lesions may be treated with 
ultraviolet light. 


Erythroderma 


Childhood erythroderma may be a manifestation of 
several dermatoses including ichthyoses (nonbullous 
ichthyosiform erythroderma), dermatitis (atopic 
dermatitis, seborrheic dermatitis) and papulosquamous 
dermatoses (psoriasis, pityriasis rubra pilaris) and as an 
adverse effect to drugs. 


Clinical Features 


Erythroderma refers to a generalized erythema usually 
with, sometimes without, scaling that involves more than 
90% of the child’s body surface area (Fig. 26.51). 
Erythroderma is often complicated by thermodysregula- 
tion, sepsis and fluid, electrolyte and nutritional imbalance. 

Treatment includes addressing the underlying disease 
and preventing complications. Treatment should be 
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Fig. 26.52: Pemphigus vulgaris: Flaccld bullae on non- 

= ans 4 erythematous skin 

Fig. 26.51: Erythroderma: Generalized erythema associated . 

with mild scaling in a newborn Specific measures: Immunosuppressives including 
steroids systemically (daily doses or as monthly bolus) 

along with steroid-sparing immunosuppressive adjuvants 


initiated with bland applications and antihistamines but (azathioprine, methotrexate, cyclosporine) form the 
oral corticosteroids and other immunosuppressives may mainstay of therapy. After control of active disease, 








be needed in recalcitrant disease. maintenance therapy needs to be continued for several 
months. Rituximab, a biological and intravenous 
BULLOUS DISORDERS immunoglobulin has also been used successfully. 


Pemphigus Vulgaris 
Chronic Bullous Disease of Childhood 


This is the most common variant of pemphigus, ee nee Ss : 
accounting for over 80% cases. This is an IgA-mediated blistering disorder, characterized 
Pemphigus vulgaris is an autoimmune disease, by a dermoepidermal split. The condition is seen tn 
characterized by acantholysis, induced by deposition of children less than 5 years of be The lesions are itchy, tense 
IgG autoantibodies against desmogleins 3 and 1 present bullae ripe erythematous skin. New lesions appear around 
in desmosomes, which are cell-to-cell adhesion molecules previous lesions resulting in a ‘string of pearl’ appearance 
in epidermis. (Fig. 26.53). The lesions are usually grouped around thie 
orifices (perioral, perinasal, perigenital or perianal). Th -v 





Clinical Features 

Patients develop flaccid bullae on non-erythematous skin 
(Fig. 26.52). The bulla spreads on tangential pressure (bulla 
spread sign) and can be induced (Nickolsky sign). These 
rupture easily to form crusted erosions. The usual sites 
are scalp, face, flexures and trunk. Oral lesions might 
antedate skin lesions in 50% of patients and eventually 
80-90% of patients develop oral lesions. Mucosal lesions 
are characteristically painful erosions with ragged 


margins. 


Ireotment 


General measures: Counseling the caretakers about course 
of disease and necessity of continuing therapy during 
asymptomatic maintenance phase is important. Supportive 
measures including barrier nursing, skin and mucosal care 


(measures to augment healing, prevent and treat skin Me 
infections), maintaining fluid and electrolyte balance help _ Fig, 26.53: Chronic bullous disease of childhood: Tense bullae 


to improve response to therapy. on erythematous skin In perigenital area 
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are also frequently seen on lower abdomen, buttocks, knees 
and elbows. Oral mucosal involvement is seen in 50% of 
tients. The illness is self-limiting, with lesions generally 
resolving within 2 vears of onset. 
Patients with mild disease are treated with dapsone 
(1-2 mg/kg) while in those with extensive disease, oral 
corticosteroids are administered. 


DISORDERS OF PIGMENTATION __ 


Vitiligo 

Vitiligo affects both sexes equally with peak incidence 

being between 10 and 30 years. A positive family history 

is present in 20-30% of patients. V itiligo is classified into: 

e Segmental citiligo. 

e Nonsegmental ottiligo: Which includes localized variants 
(focal and mucosal) and generalized variants (vulgaris, 
acrofadial and universalis). 


EnOIOGY 

Nonsegmental vitiligo probably has an autoimmune 
pathogenesis with a polygenic predisposition. Segmental 
vitiligo has a neurogenic pathogenesis. 


Ciinicol Features 


The lesions are characterized by depigmented (chalky 
white or pale white) macules with sharp scalloped 
margins, which might coalesce to form geographical 
patterns (Fig. 26.54). Lesional hair may be depigmented 
(leukotrichia). Lesions may be present anywhere on the 
body, but areas prone to trauma are most susceptible. The 
lesion may be focal (1 macule at a single site), segmental 
(unilateral, dermatomal usually along distribution of 
mandibular division of the facial nerve), acrofacial 
(periorificial and acral) and universalis (extensive, 
generalized due to confluence of patches). 





Fig. 26.54: Acrofacial vitiligo: Depigmented. scalloped macules 
On face and acral parts 


Associations 

Segmental vitiligo progresses initially for about 6 months 
and then stabilizes. Patients with vitiligo should be 
examined for cutaneous associations (alopecia areata, 
atopic dermatitis), endocrine disorders (diabetes mellitus, 
Addison disease, hypoparathyroidism and thyroid 
disorders) and pernicious anemia, 


Course 


Non-segmental vitiligo is slowly progressive, though it 
can sometimes progress rapidly, Spontaneous pigmentation 
is seen in 10% of patients. Predictors of poor prognosis 
include long-standing disease, leukotrichia and lesions on 
resistant areas (bony prominences, nonhairy, nonfleshy 
areas and mucosae). 


Treatment 


Patient and family need to be reassured. Sunscreens and 
cosmetic cover up may be needed. The treatment depends 
on the extent of involvement (Table 26.13). In patients 
whose disease is refractory but not progressing and in 
patients with segmental vitiligo, surgical techniques like 
blister grafting and melanocytes transfer can be tried. 


Freckles and Lentigines 


Both are characterized by presence of discrete hyper- 
pigmented macules. Lesions of freckles are seen in red 
haired, very fair children. Lentigines show no such 
predilection. Lesions of freckles are seen in light exposed 
parts of body (face, V of neck and dorsolateral aspect of 
forearms) with conspicuous absence on covered skin. 
Lentigines do not show such a predilection and may be 
present even on mucosae (Peutz-Jeghers syndrome). 
Freckles (Fig. 26.55a) are lighter, with less delineated edges 
and show variegation in color including darkening on sun 
exposure. Lentigines are darker, sharply defined and do 
not darken on sun exposure. They may be a cutaneous 
marker of multisystem syndromes (Fig. 26.55b). 


Table 26.13: Treatment of vitiligo 
Localized disease 


New lesions Topical steroids 
Topical calcineurin inhibitors 

Old lesions Topical PUVA*/PUVA sol 

Extensive disease 

New lesions Oral steroids + PUVA*/PUVA* sol or 
NB UVB** 

Rapid increase Oral steroids + PUVA*/PUVA* sol or 
NB UVB** 


Oral PUVA*/ PUVA* sol or NB UVB ** 
Oral steroids 


Old lesions 
Intolerance to PUVA 
“Oral PUVA/PUVA sol: Psoralen + UVA/psoralens + sunlight: not to be 


used in children <10 yr of age 
*““NB UVB: Narrow band UVB 
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ABNORMAL VASCULAR RESPONSES _ 


Drug Eruptions 
Drug eruptions are adverse events that occur after 
systemic or topical administration of a drug (Table 26.14). 
Diagnosis is based on clinical features and temporal 
relation to drug use, Though any drug can cause a reaction 
after any Jength of treatment, some drugs are more suspect 
and the most recent introduction is the most likely cause. 
The role of drug provocation test is controversial but may 
be needed to find the culprit drug in patients on multiple 
drugs as well as to provide a list of safe alternative drugs. 





Treatment 


General measures: Withdrawal of drug is most effective 
approach but may not be easy as the child may be taking 
several drugs or the suspected drug may be essential and 
a chemically unrelated substitute may not be available. 
In severe reactions, maintenance of fluid-electrolyte 
balance, thermoregulation and skin care are very 
important. Symptomatic therapy is provided using 
antihistamines. 


Specific treatment: In patients with erythroderma, local 
calamine lotion and topical steroids are instituted initially, 
but oral steroids may be required in recalcitrant patients. 
Fig. 26.55: (a) Freckles: Discrete, light brown, ill-defined macules In Stevens-Johnson syndrome-toxic epidermal necrolysis 
with variegation in color, on the face of a fair child; (b) Lentigines: ~~ complex, role of systemic steroids is only established in 
Discrete, dark brown, sharply defined macules on mucosal _ the early stage. Intravenous immunoglobulins and 
surface of lips in a patient with Peutz-Jeghers syndrome cyclosporine have also been used successfully. 








Table 26.14: Common drug eruptions 
Pattern Morphology Drugs implicated 


Exanthematous Symmetric erythematous macules and papules Antibacterials (penicillins, sulfonamides, 


cephalosporins), antitubercular drugs 
anticonvulsants (barbiturates, carbamazepine, 
phenytoin, lamotrigene) 


Erythroderma Entire skin (>90%) is erythematous, scaly and Antibacterials, anticonvulsants, isoniazid, 
(exfoliative edematous griseofulvin 

dermatitis) 

Stevens-Johnson Initial lesions often targetoid, followed by Antibacterials (penicillins, sulfonamides 
syndrome-toxic diffuse, intense erythema. Flaccid blisters, quinolones, cephalosporins), anticonvulsants, 
epidermal necrolysis _ followed by large areas of skin denudation; frusemide, hydralazine, NSAIDs (oxicam 
(SJS-TEN) complex mucosae always involved derivatives and COX-2 inhibitors), antifungal 


agents (terbinafine, griseofulvin) 
Fixed drug eruption Well demarcated, erythematous plaques; subside Antibacterials (dapsone, tetracyclines, penicillin, 
with hyperpigmentation; recur at same site each _—erythromycin), NSAIDs (salicylates, paracetamol), 


time the implicated drug is taken griseofulvin 
Photosensitive Pruritic papules and plaques on sun-exposed Antibacterials (sulphonamides, tetracyclines, 
eruption areas 


quinolones), thiazides, phenothiazines, psoralens, 
NSAIDs, amlodarone 


Vasculitis Palpable purpura, urticarial vasculitis, necrotic Antibacterials (tetracyclines, ampilicin, erythro- 
ulcers, nodular vasculitis mycin), NSAIDs, anticonvulsants, griseofulvin, 
levamisole 
Urticaria and Occur Independently or along with bronchospasm Aspirin, penicillin, vaccines with egg proteins, ACE 


angioedema and circulatory collapse (anaphylaxis) inhibitors, Indomethacin, Oplates, antifungals 
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Urticaria and Angloedema 


Urticaria and angioedema are characterized by evanescent 
wheals which last 24-72 hours. Urticaria is due to edema 
of dermis while angioedema is due to edema of dermis 
and subcutis. 

Both conditions are mediated by chemicals (especially 
histamine) released from mast cells, triggered either 
immunologically (via IgE/autoimmune/ complement 
pathways) or non-immunologically (by drugs /chemicals), 
Often urticaria is idiopathic. 

Urticaria is characterized by development of itchy, 
evanescent wheals (Fig. 26.56a) while the wheals in 
angioedema are less evanescent, not itchy (Fig. 26.56b). 


In dermographism the wheals are linear (Fig. 25.56c) and 
in cholinergic urticaria they are small. 





Fig. 26.56: (a) Urticarla: Pale pink edematous wheals with a 
surrounding flare; (bb) Angloedema: Pale pink swelling of genitals; 
(c) Dermographism: Linear wheals 


Though removal of triggers seems a logical strategy of 
treatment, triggers are often difficult to identify. 
Antihistamines (preferably newer non-sedating ones), 
even in escalated doses (up to 4-times) are the mainstay 
of treatment. Oral steroids are used in anaphylaxis while 
immunosuppressives (methotrexate, azathioprine and 
cyclosporine) are used in resistant (autoimmune) urticaria. 
Montelukast (leukotriene receptor antagonist) and 
omalizumab (anti-IgE monoclonal antibody) are also used 
in recalcitrant patients, 


Erythema Multiforme 


Erythema multiforme has two main subtypes: Erythema 
multiforme (EM) minor, and EM major. 


Etiology 


Infections like herpes simplex virus, mostly, and less 
commonly, Mycoplasma pneumoniae and trigger EM. 


Clinical Features 


¢ Cutaneous lesions: Lesions usually appear in a single 
crop. Target lesions which consist of 3 concentric areas 
of varying degrees of erythema are characteristic 
(Fig. 26.57). Central bullous lesions are characteristic 
in EM major. Lesions are seen symmetrically on acral 
parts especially of upper extremities and on the face. 


¢ Mucosal lesions are conspicuous in EM major (buccal 
erosions and hemorrhagic crusts of lips). 


¢ Constitutional symptoms are present in EM major. 


Most patients are managed symptomatically. In 
patients with recurrent EM, suppressive therapy with 
acyclovir may be instituted. 





Fig. 26.57: Cutaneous lesions: Target lesions In acral parts. Inset: 
Target leslon consists of three concentric rings composed of 
central dusky erythema, sometimes surmounted with vesicle/ 
bulla, surrounded by a pale edematous ring which Is In turn 
surrounded by an erythematous halo 
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INFECTIONS  —s SS - _ Clinical Features 

stations depend on type of pyoderma (Tables 26.16 
coun oan. ahah 76.58 lo 26.60), 
Pyodermas arv classified depending on whether they are 
follicular or nen-follicular, and whether they are spreading Tablo 26.16: Clinical featuros of follicular pyodermas 
or localized and the depth and extent of invelvement Folliculltis Furuncle 
(Table 26.15), Clinical Erythomatous Firm rod follicular nodules 

The chief causative organisms are S. areis for foaturos follicular papulos, which discharge pus and 
folliculitis and furuncles, bullous impetigo, and some often surmounted —_haal with minimal scarring 
Impetigo contagiosa and ecthyma, by pustules (Fig. 26.58) 
Faco, lower Buttocks, lower extremities 


S. pyogenes is causative for cellulitis and erysipelas and Sites of 
some impetigo contagiosa and ecthyma, predilection extremities 


Table 26.17: Clinical features of spreading pyodermas 


Table 26.15: Classification of pyodermas Erysipelas Cellulitis 
Superficial Deep Clinical Tender, warm, Tender, warm 
Follicular features erythematous rapidly erythematous ilk — 
Folliculitis Superticial folliculitis | Deep folliculitis spreading plaques; defined plaques with 
Perifolliculitis Furuncle Carbuncle superficial vesiculation. superficial vesiculation 
Nonfollicular Constitutional symptoms Constitutional 

Spreading Erysipelas Cellulitis ere es ~ 
Localized Impetigo contagiosa § Ecthyma Sites of Face Lower extremities 

Bullous impetigo predilection 


Table 26.18: Clinical features of nonfollicular pyoderma 





Impetigo contagiosa Bullous impetigo Ecthyma 

Age Children Infants Any age 

Clinical features Thin-walled blisters with Thick-walled, persistent blisters Crusted, tender erythematous 
erythematous halo; rupture to on bland skin; rupture only after indurated plaque with thick 
form honey colored crusts a few days to leave thin varnish adherent crusts 
(Fig. 26.59) like crusts (Fig. 26.60) 
Lesions spread without central Lesions heal in center to form Lesions heal with scarring 
clearing annular plaques 
Lymphadenopathy frequent Lymphadenopathy rare Frequent 

Sites of Face, especially mouth and Face, other parts of body Thighs, legs 

predilection nose 

Complications Post-streptococcal glomerulo- Staphylococcal scalded skin Glomerulonephritis, 
nephritis, eczematization syndrome eczematization, scarring 
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Fig. 26.58: Furuncle: Firm, red follicular nodules which discharge Fig. 26.59: Impetigo contaglosa; Honey-colored crusted lesions 
pus and heal with minimal scarring around mouth 
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Fig. 26.60: Bullous impetigo: Thick-walled, persistent blisters on 
bland skin 


Treatment 


General measures include local hygiene, removal of crusts 
(in ecthyma), rest and limb elevation (for cellulitis). NSAIDs 
are used if pain and constitutional symptoms are present. 

Topical antibiotics like mupirocin, sodium fusidate and 
nadifloxacin are used for localized lesions. Systemic 
therapy is required in patients with extensive lesions, in 
spreading lesions (erysipelas and cellulitis), and in 
presence of constitutional symptoms and lympha- 
denopathy. Follicular pyodermas and bullous impetigo 
warrant use of antistaphylococcal antibiotics (cloxacillin 
or coamoxiclav) while spreading pyodermas should be 
treated with injectable penicillins. For impetigo and 
ecthyma, macrolides usually suffice. 


Staphylococcal Scalded Skin Syndrome 


This condition is mediated by hematogenous spread of 
exotoxin produced by S. aureus, present usually in extra- 
cutaneous infections (e.g. otitis media, pneumonitis). 

The illness is usually seen in newborns and infants 
younger than 2 years of age. Erythema and tenderness 
are followed by superficial peeling of skin in thin sheets, 
giving the appearance of scalding (Fig. 26.61). Consti- 
tutional symptoms are minimal. 

Treatment is mainly supportive. Antistaphylococcal 
antibiotics are administered initially parenterally then 
orally. Fluid and electrolyte balance should be maintained. 


Cutaneous Tuberculosis 

Cutaneous tuberculosis caused by M. tuberculosis is 
classified based on host’s immune status as well as route 
of inoculation into: 

* Lupus vulgaris (Fig. 26.62) 

* Scrofuloderma (Fig. 26.63) 

* Tuberculosis verrucosa cutis 

* Tuberculids 
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Fig. 26.61: Staphylococcal scalded skin syndrome: Erythema 
and superficial peeling of skin in thin sheets 





Fig. 26.62: Lupus vulgaris: Solitary, well-defined annular plaque 
with central scarring 
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Fig. 26.63: Scrofuloderma: Sinus with mouth showing 
undermined edge and fixed to underlying lymph node 
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Lupus vulgaris Scrofuloderma 


Immune status Moderate Poor 


of host 


Route of spread Hematogenous/ 


Table 26.19: Clinical features of tuberculosis 


Contiguous from lymph 
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Tuberculosis verrucosa Tubercullids 


culls 
Excellent Excellent 
inoculation Hypersensitivity reaction 


contiguous nodes, bones or joints 
Morphology Solitary, well defined, Firm, subcutaneous nodules. Single, warty firm Papular or papulonecrotic 
annular/arcuate plague = which break open to form — plaque with a lesions 
with atrophic/scarred sinuses. Mouth of sinus is violaceous halo. The 
center which typically serpiginous with under- surface has clefts and 
develops nodules mined edges (Fig. 26.63) fissures that discharge 
(Fig. 26.62). Periphery pus. There may be 
shows pink-brown, scarring at the center 
deep-seated nodules 
which on diascopy 
may exhibit an apple- 
jelly appearance 
Sites of pre- Head, neck and buttocks Cervical lymph nodes most Sites of trauma Trunk 
dilection frequently, tibla and 


sternoclavicular joints 


The diagnosis is confirmed by histopathology. Patients 
should be evaluated for systemic tuberculosis. Therapy 
of cutaneous tuberculosis comprises use of four anti- 
tubercular medications (isoniazid, rifampicin, ethambutol 
and pyrazinamide) for 8 weeks followed by 2 agents 
(isoniazid and rifampicin) for the next 16 weeks. 


Leprosy 

The mode of transmission of M. leprae is uncertain but 
possibly nasal droplet infection is important. The clinical 
manifestations depend on the host immunological 
response. If the host mounts good cell-mediated immunity 
(CMI), the infection is localized (tuberculoid pole) while 
if the CMI is poor, the infection is extensive with visceral 
involvement (lepromatous pole). 

The Ridley-Jopling classification, based on clinical, 
pathological, immunological and bacteriological 
parameters, classifies leprosy into: 

* Indeterminate leprosy 
¢ Determinate leprosy 

- Tuberculoid 

— Borderline tuberculoid 
Borderline 
— Borderline lepromatous 
- Lepromatous 


Tuberculoid and lepromatous leprosy are stable forms, 
while borderline forms of leprosy are unstable. 


Prototype skin lesion is a hypopigmented /erythematous 
macule/plaque which is anesthetic/hypoaesthetic/ 
normoaesthetic. Skin appendages (hair, sweating) on the 
lesions are reduced and there is epidermal atrophy. The 
nerves may be thickened and tender and there may be 
associated sensory and motor impairment. The clinical 


presentation depends on the type of leprosy (Table 26.20, 
Figs 26.64 and 26.65). 


Lepra Reactions 


Two types of acute episodes (lepra reactions) are 
recognized in leprosy. Type 1 reaction (T1R) which 
develops in patients with borderline leprosy (BT, BB, BL) 
is due to alteration in host CMI. TIR manifests as edema 
and erythema of pre-existing lesions along with neuritis 
which may result in development of new sensory and 
motor impairment. Type 2 lepra reaction (T2R, erythema 
nodosum leprosum, ENL) which occurs in highly 
bacillated patients (BL and LL) is an immune complex 
reaction and manifests as several tender, erythematous, 
transient nodules on face, flexures and legs. Patients may 


also show neuritis, orchitis, iridocyclitis, arthralgia and 
fever. 


Complications 


Patients may show the following complications: 

¢ Trophic ulcers 

* Deformities: Claw hand, clawing of toes, foot drop and 
saddle nose deformity 

* Ophthalmologic complications: Diminished corneal 
sensation, lagophthalmos, recurrent iridocyclitis 

* Renal involvement 


Investigations 


Slit skin smears: Slit skin smears, from the lesions and 
ear lobules, are stained with modified Ziehl-Neelsen 
method for acid fast bacilli (AFB), The smears are usually 
negative in TT/BT/most BB leprosy and usually positive 
in LL, BL and some BB. 


Indeterminate Tuberculold Borderline Borderline Borderline Lepromatous 
tuberculoid lepromatous 
Skin lesions 
Number Single Single/Few Few Several Numerous Innumerable 
Size Variable Variable May be large Varlable Small Small 
Sensations Variable Anesthetic Hypoaesthetic | Hypoaesthetic Hypoaesthetic Normal 
Symmetry Asymmetrical Asymmetrical Asymmetrical Bilateral, but Tendency to Symmetrical 
asymmetrical symmetry 
Morphology Hypopigmented Macule, Plaques; well Macules, Macules/ Macules, 
macule; usually plaque; defined; satellite plaque; sloping papules, papules, 
ill-defined well defined lesions + edge (inverted nodules, nodules, 
hypoaesthetic; (Fig. 26.65) saucer plaques; plaques; ill- 
on face of child appearance) ill-defined defined; diffuse 
(Fig. 26.64) infiltration of face 
Nerves +/— Single trunk/ Asymmetrical; Asymmetrical; Several nerves, Several nerves 
| feeder nerve few nerves several nerves. almost symmetrical, asymmetrically 
related to thickened; thickened thickened; thickened; 
lesion; anesthesia in glove and glove and 
thickened its distribution stocking stocking 
anesthesia anesthesia 
Systemic None None None None May be present Lymphadeno- 
Involvement pathy, hepato- 
splenomegaly, 
ocular and 
testicular 
involvement 
Reactions - - TIR TIR T1R, T2R T2R 
Lepromin +/- “ +/— - e a 
reaction 
Presence of +/— - - +/— ++ 44 


acid-fast bacilli 
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Table 26.20: Clinical features of leprosy 
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Fig. 26.64: Indeterminate leprosy: Ill-defined hypopigmented, 
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Fig. 26.65: Borderline tuberculoid: Well-defined erythematous 
plaque with satellite lesions 


hypoesthetic lesion on the face 


Skin biopsy: Presence of granuloma (epithelioid cells in 
tuberculoid leprosy and foamy cells in lepromatous 
leprosy) and nerve involvement are typical. 


Treatment 


Patient and parents are reassured and counseled regarding 
treatment compliance and care of hands, feet and eyes, 


For the purpose of treatment, leprosy is classified into 
paucibacillary (PB) and multibacillary (MB) leprosy (Table 
26.21) and based on this multidrug therapy (MDT) is 
instituted (Table 26.21). 


Treatment of lepra reactions requires specific treatment 
(Table 26.22). 
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Table 26.21: WHO recommendations for treatment of Table 26.22: Treatment of reactions in leprosy 


laprosy In children aged 10-15 years Type 1 reaction Type 2 reaction 

Paucibociiary Multibacillary Mild NSAIDs NSAIDs 
Definition Sorlessissions +5 lesions Voderata NSAIDS NSAIDs 
Duration of 6 months; to be 12 months; to be Oral corticosteroids § Thalidomide* 
therapy completed in completed in 18 months Chloroquine 

9 months Clofazimine 
Supervised Aifampicin 450 mg rinse ae eon mg + iat NSAIDs Thalidomide* 
yrontyy) CRAIN Fo Ng Oral corticosteroids | Oral corticosteroids 
Unsupervised Dapsone 50 mg Dapeons 50 mg + 
(daily) and clofazimine 25mg NSAIDs: Nonsteroidal anti-inflammatory drugs 


Aifamnpiein 10 mg/kg; clolazimins 1 mg/kg daity, 6 mg/kg monthly; dicen nianvern B Abralngeuie AQEtt SRG: SHOES a Serene 
dapsone 2 mg/vy 
The clinical features differ in various types of warts 
(Table 26.23, Figs 26.66 and 26.67). 

Modalities for treatment include cryotherapy, 
mechanical removal, radiofrequency ablation (RFA) and 
chemical] cauterization (Table 26.23). 


Vorruca (Warts) 


Warts are caused by human papillomavirus, of which 
there are more than 100 types, They are transmitted by 
close contacts and autoinoculation. In children, non- 
genital warts are common, with an incidence of up to 10%. 


Et Table 26.23: Clinical features and therapy of warts 





Vorruca vulgaris Verruca plana Palmoplantar warts Filiform warts 
(common warta) (plane warts) 
Clinical Single or multiple Skin colored, flat Superficial (mosaic): Painless, Thin elongated, firm 
features firrn papules with grmooth palpable hyperkeratotic papules projections on a horny base 
hyperksratotic, papules (Fig. 26.67); and plaques 
Clafiad surface Koebner pheno- Deep (myrmecia): Painful, 
(Fig, 26.66) menon (pseudo) seen deep seated papules with 
due to auto-inoculation a horny collar 
Site Any part of body, Face and back of Soles and less often palms Face 
most cornmonly on hands 
back of hands, fingers 
and knees 
Therapy Cryotherapy, mechanical  Trichloroacetic acid Wart paint; cryotherapy; RFA 
removal and radio- touches; retinoic acid formalin soaks 


frequency ablation (RFA) (0.025-0.05%) at night 
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Fig. 26.66: Veruca vulgars: Fiirn papules vith hypereratotic, 
clefled suiface Fig. 26.67: Veruca plana: Multiple, skin-colored papules 
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Mofluscum Contagiosum 
Caused by 2 poxvirus, patients show multiple, pearly 
white, dome-shaped papules with central umbilication 
ig. 26.68). Cheesy material can be expressed from the 
lesion. The lesions are seen on any part of the body. The 
condition is self-limiting and lesions usually clear within 
a year, but widespread lesions are seen in patients with atopic 
dermatitis and in those who are immunocompromised. 
Treatment modalities used include wart paint or 
mechanical extirpation. 


Hond-Foot-and-Mouth Disease 


The illness is caused by coxsackie virus A16 infection, with 
feco-oral route being the predominant mode of transmission. 

It most often affects children between 1 and 10 years of 
age during the summer and autumn months. The 
mcubation period is 3-6 days. It manifests as an enanthem 
over the tongue and buccal mucosa, followed by painful 
vesicular exanthem involving lateral aspects of hands and 
feet (Fig. 26.69). 

The disease usually runs a self-limiting course of 
7-10 days, with a very rare incidence of cardiac and 
neurological complications. 


Gianoftti-Crosti Syndrome 


Also known as papular acrodermatitis of childhood, the 
conduction is associated with hepatitis B virus and 
Epstein-Barr virus. 

The condition presents as characteristic lesions 
(Fig. 26.70) on the face, buttocks and limbs, associated with 
mild constitutional symptoms. The mucous membranes 
are not affected. The eruption fades with mild desquama- 
tion in 3-4 weeks. 





Fig. 26.68: Molluscum contaglosum: Pearly white dome- 
shaped papules with central umbilication 
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Fig. 26.69: (a) Hand-foot-and-mouth disease: Skin lesions: 
Oblong vesicles with erythematous halo on palms; (fb) Mucosal 
lesions: Oval, vesicular lesions with erythematous halo 





Fig. 26.70: Glanottl-Crosti syndrome: Multiple, monomorphic, 
flat/ umbllicated erythematous papules present symmetrically 
over the dorsae of hands 
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Herpes Simplex Virus (HSV) Infections 


RSV type T fivtectton (eatten asvinptomatic but when 
syiyptounttic, the mianitostatlonia dlopendl on whether Hite 
ffoction is primary or oeenerent, Primary LISV tiafectlon 
presents as acute gingivostonnatitia with Uyhely ALOUIPOC 
Vosicles an an edematous base wilieh ruptiee to torn 
polyevclic enasions (Fig. 20471), There may bo aumoctatod 
Malaise, fever and hanphadenopathy, Pateuty with 
recurrent herpes labialis have a prodrome of burnings aid 
stinging followed by appearance of grouped: vesteular 
lesions (Fig. 26.72) with background of slight erythenna, 
These lesions may lave aber of polyeyelle dephamentation 
ater healing, 
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Fig. 26.71: Herpes gingivostomatitis: Closed grouped vesicles 
on an edematous base which coalesce to form polycyclic 


erosions 
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Fig. 26,72: Herpes labialis: Polycyclic area of hypopigmentatio 
and vesicular lesions 
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fy patients with underlying dermatoses Ike atople 
dormatitin and ichthyones, HISV Infectlon may become 
yonvralized (Kaponl varicelliform eruptlon or eczema 
horpotleumm). Recurrent HSV infection may trigger 
uplnacen of erythema multiforme, | 

No treatment In generally required, except in primary 
Infection, severe recurrent infection or in immuno- 
compromised patlents where treatment with oral acyclovir 


may be given for 5-7 days. 


Dermatophytoses 


E Hlology 
Three genera of fing! cause dermatophytoses: Tricho- 
phyton, Epidermophyton and Microsporum. 


Clinical Foatures 


The Infection is given different names depending on the 
aite affected. Dermatophyte infection of skin is known as 
tinea corporis, Of groin as linea cruris, of hands as tinea 
manuum, of feet as tinea pedis and of nails as tinea 
ungulum. The classical Jesion is an annular/arcuate/ 
polycyclic plaque with a clear center and an active edge 
showing papulovesiculation and scaling. 


Tinea capitis Three patterns are recognized: 

¢ Non-inflammatory or epidemic type caused by anthro- 
pophilic organisms and so is responsible for epidemics. 
It presents as alopeciac patch, in which hairs break off 
easily (Fig. 26,73). 

¢ Inflammatory or kerion: Caused by zoophilic 

organisms and so does not cause epidemics. It presents 

as a boggy swelling (Fig. 26.74) from which hair is easily 

pluckable without pain. Usually associated with 

occipital lymphadenopathy. 

Favus: Caused by T. schoenleinii, presents as yellowish, 

foul smelling cup-shaped crusts with matting of hair. 
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Fig, 26.73: Tinea capitis: Area of hon-scaring alopecia with 
minimal Inflammation with scaling gt periphery 
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Fig. 26.74: Kerion: Boggy swelling of scalp which drains pus 
from multiple openings 


Investigations 


The diagnosis is confirmed by the KOH test that shows 
fungal hyphae. Culture helps in identification of species 
and this is important in patients with tinea capitis. Wood's 
lamp may help in diagnosis during epidemics. 


Treatment 


Tinea capitis Washing with ketoconazole shampoo and 
not sharing combs and head wear help to reduce 
transmission. Tinea capitis is always treated with systemic 
agents; griseofulvin (15 mg/kg/day of ultramicronized 
formulation) for 6 weeks is treatment of choice. Longer 
treatment (8 weeks) is needed for kerion. Terbinafine 
(5 mg/kg/day for 4-8 weeks) is effective in trichophyton 
(noninflammatory) but not in microsporum tinea capitis. 
Moroever, use of terbinafine in children is hindered by its 
unpleasant after taste. 


Tinea corporis Localized lesions of tinea corporis are 
managed by topical therapy (azoles available as 
clotrimazole, miconazole or ketoconazole in lotion, gel and 
cream formulations). Widespread lesions require systemic 
antifungal therapy with terbinafine (2-6 weeks) or 
griseofulvin (4-8 weeks). Due to resistance to terbinafine, 
itraconazole is being used frequently. 


Candidlasis 


Candida albicans, anormal commensal becomes pathogenic 
in the presence of predisposing factors including obesity, 
diabetes and immunocompromised states. Less frequently 
other species like C. glabrata may be involved. 

Candidiasis presents as oral thrush, vulvovaginitis, 
intertrigo, candidal diaper dermatitis or paronychia. Oral 
thrust presents as soft, creamy white to yellow, elevated 
plaques, that are easily wiped off to leave an erythematous, 
eroded or ulcerated surface. The lesions are seen on buccal 
mucosa, tongue, palate and gingiva. 





Candidal intertrigo presents as erythematous, moist, 
macerated lesions with a frayed irregular edge with 
satellite pustules, present mainly in major skin folds, like 
axillae, groins and neck. 

Candidal diaper dermatitis is characterized by well- 
defined weeping/eroded lesions with scalloped border 
and a collar of overhanging scales and satellite pustules. 
The lesion begins in the perianal region, spreading to 
perineum, upper thighs, lower abdomen and lower back. 


Diagnosis 


KOH mount shows budding yeasts and pseudohyphae. 
Culture is done in unresponsive cases to speciate the 
candida. 


Treatment 


Predisposing factors should be addressed and the area 
kept dry. Topical therapy includes imidazoles 
(clotrimazole, miconazole and ketoconazole) nystatin 
cream for folds and lotions for oral mucosa. Systemic 
therapy with weekly fluconazole is given in patients with 
extensive disease. 


Pityriasis Versicolor 


The condition is cuased by Malasezzia furfur, a commensal 
yeast. Patient presents with scaly, perifollicular macules 
with variable pigmentation (hypopigmented, erythematous 
or hyperpigmented). The fine branny scales are accentuated 
by gentle abrasion with a glass slide. The lesions are 
frequently seen on upper trunk (both anterior and 
posterior), neck and sometimes also on proximal part of 
upper extremities. 


Diagnosis 


KOH mount shows a mixture of short branched hyphae 
and spores (spaghetti and meatball appearance). 


lreatment 


Topical therapy with imidazoles (ketoconazole, 2%) for 
3 consecutive days is sufficient in most cases. Systemic 
therapy with fluconazole is occasionally required in 
extensive and recurrent disease. 


DISEASES CAUSED BY ARTHROPODS 
Scables 


Scabies is caused by Sarcoptes scabei var hominis and 
transmitted by close contact with infested humans. 
Patient presents with itchy (worse at night) lesions, 
present in a characteristic distribution. The primary lesion 
is a burrow, a grey thread-like serpentine line with a 
minute papule at the end; papules and papulovesicles may 
also be seen. Secondary lesions consist of pustules, 
eczematized lesions and nodules. Lesions are seen in webs 
of hands, on wrists, ulnar aspects of forearms, elbows, 
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aNitlag. Wrhiticnt abt eth feet andl batloches Hie 
is Ustially apart EXCEPT Hd be Ty Ahn flee) aealp, 
Pats and sates (Ha: 20770) ave bee dalved Nouuitae 
Lesions ate seen Qn Meritt (iy. da.2qh), 

SAN ATY FTES TAURI, BeCon Hihy Hep Tao 
Ufection May FeRTTE TACU te alomertlonep hie ltba, 


Treohyant 


General measures Al clo Ganticby at the patho, even 
if asymptomatic: should be treated, Oversealoun 
laundering of bet linen andl elotieed da vat warned, 


Specific measures Antibiatios are yiven, dt BCU ALY! 
infection is present, Antihistamines ane given toe ld week 
to Taduioe pruritten The topical acabicite alot be apptiod 
all over bouy below: the neck, WveTtdis an tlie Free ealpne 
of nails, genitals, solescot teeth atter hydration at Navely with 
a bath, Scabicides: available delle: 
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Fig. 26.75: (a) Infantile scables: Multiple papulovesicular losions 
on soles; (b) Infantile scables: Nodular lesions of genilalla 





Eaaaintlal Veni dtenty bees 
$$$ 


Moret 0%) OVE BL aligle application ts trealrnery 
Otehote dyebidien alder than 2 nenths of ape, 


Croton WO Two appledtions daily for 14 days is 
recommended for diteite tenes that 2 months, 


Noneyl tenet’ 25% Tiree applications at 12 hourly 
Wervela, 


hvrmertin, aiiple oral dose of 200 iy /kp body weight, in 
children older (han 6 years ts the treatment of choice for 
epldeniies (as i orphanages), 


Padigulosis 


Lotine la an oblipate eclopardasite and two species infest 
liinanel Pedheorda lemme (Plumas capilts, head 
lone and 2 demanis corporis, body Jouse), and Mithirus 
pliia (ible lotiae), Head louse Infestation is transmitted 
by clone contact and puble louse infestation is acquired 
by childten from infested parents, 

Head loan difeatatlon is common in children while 
Pub lowae tifestation la infrequent but when it occurs it 
Alno Involves eyeldshes and eyebrows, Head louse 
Ilentalion manifesta as severe scalp pruritis or recurrent 
pyoderma of nealp. Though adult lice are difficult to find, 
iin (opp capntiler) are easily seen, firmly cemented to hair 
on which they can be slid but not flicked off. Secondary 


Infectlon, eezematlzation and occipital lymphadenopathy 
ate frequent, 


loaglment 


All fantly members should be treated. The chic! 

pedleulleldes are: 

© Permethrin, 1% lotion, single 10 minutes application ty 
wel halr followed by rinsing, Repeat application aft - 

7 dayn, 

Gamma benzene hexacloride, 1% single overnig) ' 

Appileation to dry hair followed by rinsing. Secor 

application used after 7 days, 

© Malathion, 0.5% water-based lotion, applied on dry heir 
for 6 hours. Has residual effect, 80 second applicati« 
Is not needed, 


Splnosad, 0.9% suspension, single 10 minutesa pplication 


Popular Urticarla 


Papular urticarla Is due to bites of arthropods such as 
mosquitoes and fleas, An initial itchy, urticarial wheal! that 
develops at the site of bite evolves into a firm pruritic 
papule, which persists for several days. The lesion often 
has a central hemorrhagic punctum (Fig. 26.76) and may 
be surmounted by a tiny vesicle, 

Secondary infection, eczematization, hyper- and 
hypoplpmentation, particularly in darkly pigmented 
Individuals are not Uncommon, New bites by the same 
species often cause 4 recrudescence of activity in existing 
and even healed lesions, 
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Fig. 26.76: Popular urticaria: Popule with a central hemonhagic 
punctum 


Treatment 


Prevention of repeated insect bites through use of 
protective clothings, judicious use of insect repellents and 
treatment of pets with infestation is recommended. Topical 
steroid-antibiotic combination and oral antihistamines 
help in reducing pruritus and hypersensitivity reaction. 


MISCELLANEOUS DERMATOSES 


Protein-Energy Malnutrition 


Marasmus is characterized by emaciation and dry, thin, 
pale, wrinkled skin while kwashiorkor manifests as 
generalized edema and areas of hyperpigmentation and 
occasional desquamation (‘flaky paint appearance’) 
predominantly at sites of pressure and friction (Fig. 26.77). 
Hairs may show alternate areas of discoloration (flag sign). 


Acrodermatitis Enteropathica 


This is an autosomal recessively inherited disorder 
resulting in deficiency of zinc transporter protein and 
resultant defective zinc absorption. The condition is 
characterized by the dermatitis, diarrhea, alopecia and 
irritability. Characteristics skin lesions include periorificial 
sharply demarcated, erythematous crusted plaques with 
fissured margins (Fig. 26.78). 





Fig. 26.77: Protein-energy malnutrition: Generalized, areas of 
hyperpigmentation and occasional desquamation ("flaky paint 
appearance’) in an imtable child 
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Fig. 26.78: Acrodermatitis enteropathica: Sharply demarcated 
erythematous plaque over the perianal area with fissured margins 


Treatment 


Oral administration of zinc sulfate or zinc gluconate. 


Porphyria 
Porphyrias are a group of diseases characterized by 
genetic or acquired enzyme deficiencies in the pathway 
of haemsynthesis, resulting in accumulation of haem 
precursors: 5-aminolaevulinic acid (ALA), porphobilinogen 
and porphyrins. 
Based on clinical and biochemical parameters, 
porphyrias are classified into: 
1. Erythropotetic porphyria: Congenital erythropoietic 
porphyria (CEP), erythropoietic protoporphyria (EPP). 
2. Hepatic porphyria: Porphyria cutanea tarda (PCT), 
variegate porphyria (VP), acute intermittent porphyria. 
Porphyrias are characterized by extreme photo- 
sensitivity and blistering and scarring of photo-exposed 
areas (Fig. 26.79). 
Treatment for all porphyrias includes genetic 
counseling, strict photoprotection and some specific 
measures (Table 26.24). 


Mastocytoses 
Etiology 


Mastocytoses are a heterogeneous group of diseases 
characterized by localized or diffuse accumulation of 
clonal mast cells in the skin and/or in internal organs. 

Urticaria pigmentosa is the most common variant 
(70-90%) of childhood mastocytosis. It may be seen at birth 
or appear in the first year of life and is characterized by 
itchy multiple, discrete, yellowish-brown hyperpigmented 
macules and slightly elevated plaques in a generalized 
distribution with a truncal predominance (Fig. 26.80). 
Dermographism is present in one-third of patients and in 
the first 2 years, pathognomonic Darier’s sign may be present. 

Diagnosis is confirmed with histological and immuno- 
histochemical evaluation of skin biopsy. 

Treatment is directed at alleviation of symptoms 
(pruritus) with antihistamines and/or disodium 








Fig. 26.79: (a) Congenital erythropoietic porphyria: Hypertrichosis over the face; (b) Conge 
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Fig. 26.80: Urticaria pigmentosa: Multiple, discrete, yellow-brown 
hyperpigmented plaques over the chest and abdomen 
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’ Table 26.24: Manifestations and treatment of porphyrias 


Congenital erythro- 
poietic porphyria 
Uroporphyrinogen 
synthase III 
Autosomal recessive 


Soon after birth 


Severe photo- 
sensitivity. Blisters on 
photoexposed areas, 
mutilation. Hyper- 
trichosis conspicuous 


e Brown teeth, 
show fluorescence 
under Wood's lamp 

* Hemolytic anemia 


e Red coloured urine 
(also fluorescent) 
Estimation of porphyrins in blood, urine and stool 


Bone marrow 
transplantation 





Erythropoietic 
protoporphyria 
Ferrochelatase 


Autosomal dominant 
Infancy or early 


childhood 
Burning, edema and 


urticaria on sun exposure. 


Thickening of skin and 
supericial scarring 


¢ Gall stones 


e Liver disease, sometime 


fatal 


Normal color 


Beta carotene 


Porphyna cutanea 
tarda 
Uroporphyrinogen 
decarboxylase 


Autosomal dominant, 
if early onset 


Childhood 


Blisters and fragility of 
skin on photoexposed 
areas. With time, skin 
becomes thickened, 
sclerodermoid and 
scarred. Hypertrichosis 
conspicuous 


Pink (also fluorescent) 


Blood letting and small 
dose of chloroquin 


Nee En ee 


- ° 


nital erythropoietic porphyria: Hyper- 


Variegate 

porphyria 
Protoporphyrinogen 
oxidase 

Autosomal dominant 


Post-pubertal 


Some patients asymptomatic, 
others have only cutaneous 
manifestations, while some 
have both manifestations. 
Skin involvement like that 

in PCT 


* Abdominal pain 
¢ Neuropsychiatric 
symptoms 


Red colored urine during 
acute attacks 


Avoiding triggers 


cromoglycate. Systemic corticosteroid and oral PUVA are 
helpful in the cases with Systemic symptoms. 


Langerhans Cell Histiocytosis (LCH) 


It is a multi-system infiltration with 


oliferatin 
Langerhans cells. prer 8 
Classification 
Several subsets of LCH with ov eriapping featured. are 
recognized: 


© Letterer-Siwe disease is generalized form, which occurs 
predominantly in children <2 years. 


° Hand-Schiiller-Christian syndrome is chronic, multifocal 
form, with peak onset in children aged 2-10 years. 
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Fig. 26.81: Langemans cell histiocytosis: Multiple, small, erythe- 
matous, discrete, crusted papules over the chest and abdomen 


¢ Eosinophilic granuloma is localized form, seen in children 
aged 5-15 years. 

Letterer-Siwe disease is characterized by intractable 
‘seborrheic dermatitis-like’ lesions with scaly/crusted 
yellowish reddish-brown (sometimes hemorrhagic) 
infiltrated papules over scalp and trunk (Fig. 26.81). 
Systemic manifestations include fever, anemia, diarrhea, 
thrombocytopenia, hepatosplenomegaly, lymphadeno- 
pathy and skeletal lesions. 

Skin biopsy confirms the diagnosis. Systemic chemo- 
therapy is indicated in children with disseminated multi- 
system involvement. 


Suggested Reading 


* Khanna N. Illustrated Synopsis of Dermatology and Sexually 
Transmitted Diseases, 5th edn. Elsevier, New Delhi, 2016. 

e Khanna N, Saurabh S. Bhutani’s Color Atlas of Dermatology, 
6th edn. Jaypee, New Delhi, 2015. 
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Poisonings, Injuries ana 
Accidents 


INJURIES AND POISONING 





Nearly 90% of childhood injuries are unintentional or 
accidental. Injuries account for 6-10%> of all childhood 
deaths. A significant proportion of these children could 
be saved, if appropriate injury prevention measures were 
applied. Road traffic crashes, falls, drowning, burns and 
poisoning are the leading causes of child death from 
injuries. A large proportion (e.g. drowning, burns, 
falls) occur in or around the home. The following is a 
global resource on intentional injury and its prevention: 
http:/Aeww.iwho.int/ciolence_injury_ prevention/child/injury/ 
world_report/en/ 


ROAD TRAFFIC ACCIDENTS AND FALLS 





Road traffic crashes are the leading cause of death among 
children aged 10 to 19 vears. India has high rates of road 
traffic accidents in the world. Falls account for a significant 
proportion of visits by children to hospital emergencies. 
Seat-belts and child-restraints, helmets, pedestrian lanes, 
daytime running lights for vehicles, speed limits, laws 
against drinking alcohol and driving are among the 
successful interventions to prevent road traffic injuries. 
Severe falls can be avoided by changes in architectural 
designs, and specially designed child products and 
playground equipment. 


Factors Predisposing Children to Trauma 


Children have a pliable skeleton with less fat and more 
elastic connective tissue, protecting tightly packed 


Jhuma Sankar 


abdominal and thoracic structures. The impact of trauma 
is transmitted widely through the body resulting in 
multisystem injuries. Early recognition and aggressive 
management of emergencies like airway obstruction, 
hemorrhage including intra-abdominal and intracranial 
hemorrhages improve survival rates after major trauma. 
Subtle changes in heart rate and peripheral perfusion must 
be looked for, as these are signs of impending 
cardiorespiratory failure. Hypotension is a late sign of 
shock and blood pressure may remain normal despite 
25-30% blood loss (Table 27.1). 

Blunt injury is common compared to penetrating injury. 
Common visceral injuries include contusions, laceration 
or hematoma of liver, spleen, lungs as well as 
pneumothorax, rib fractures and gastrointestinal trict 
injury. Head injuries, alone or associated with multiple 
system injuries, are the most severe and cause most deaths. 
Head injuries also account for disability in children. Biunt 
trauma in children often results in airway and breathing 
compromise rather than bleeding and shock. 


Management 


Children may not cope well emotionally after an accic nt. 
They need to be managed in a calm, child-friendly 
environment, preferably in the presence of a parcit of 
guardian. Initial management during ‘the golden hour’ 
in pediatric emergency includes primary survey «nd 
resuscitation by a well-organized team. The goal of the 
primary survey is to find and relieve immediate life- 
threatening conditions. It starts at the injury scene and 


Table 27.1: Systemic response to blood loss in children 


System Mild blood loss (<30% 
Cardiovascular Increased heart rate, weak 
peripheral pulses, normal 
systolic blood pressure 
CNS Anxiety, irritability, confusion 
Skin Cool, mottled, prolonged 
capillary refill refill 
Urine output Low Negligible 





Moderate blood loss (30-45%) 


Markedly increased heart rate, weak 
central pulses, absent peripheral 
pulses, low normal systolic pressure 


Lethargy, minimal response to pain 
Cyanotic, markedly prolonged capillary 


Severe blood loss (>45% 


Tachycardia followed by 
bradycardia, weak or absent 
central pulses, hypotension 
Coma 


Pale and cold 


None 
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alms lo maintain a patent sirway, provide adeguate 
breathing, cireulatory support, and to anos major nearer 
logle disability, Initial stabilization shuld proceed in ABC 
sequence, All patients should receive supplearnental oxygen) 
preferably with norerebreathiry, mask (swe Chapter ZB). 


Disability: A rapid neurological examination is carried 
oUt LO aeKess evel Of sensoriuin with Glasyuw Coma izle 
and pupillary responses may indicate traumatic brain 
Injury, hypoxemia or cerebral hypoperfusion. Variews 
scores have been used ty identify children at high risk of 
morally of which the Pediatric Trauma score is widsty 
uneds peore <6 siynificantly predicts mortality and 
morbidity (Mable 27,2), 


Secondary survey includes assessment as per the 
maemonic, SAMPLE” (symptornin, allergies, medications, 
past When, last meal, and events leading try the illness) 
and head to toe examination to identify intrathoracic, intra- 
abdominal, and skeletal or skull injuries. Continued 
resuechtation and reassessment should proceed 
Hmulbineously, Maidioluyic examination involves us of 
X-ray, ullranonopraphy and CV ican to define anatomy 
and abnormalities, Vocused asmsoment by AmMyraphy in 
trauma (VAST) may be usful in detecting intra-abdurninal 
bleeding, that can be performed verially at the bedside. 


Management of injuries requires a specialist multidixiplinary 
feat Involving pediatric emergency physicians, 
anesthetists, surycons, orthopedician, pediatric intensivists 
and trained nursing personnel. Life-threatening chest 
Injurkes, @y. tension pneumothorax, flail chest, massive 
hemothorax and cardiac tamponade should be rapidly 
identified and managed. Abdominal blunt injury may 
result in contusions, hematomas or laceration of solid 
organs, Suitable analyesic medication is titrated to 
eviate pain and anxiety. Availability of emergency 
medical services, transport systems and advanced trauma 
facilities has resulted in significant reduction in accident 
related mortality in developed countries. Polytrauma may 
have sipnificant psychological and social impact on the 
developing, brain and result in considerable morbidity. 
Psychological and social support, during resuscitation and 
Mlerwards, is important, 


BURNS, ELECTRICAL AND INHALATIONAL INJURIES | 


WHO estimates approximately 10% of all unintentional 
Injury related deaths are due to fire related burns. Children 
areal higher risk of death from burns with 3.9 deaths per 


1WSID) popuizson. Sksx, Re largest organ of De boty, 
trasdistes and preversds hezt and mwistore oss acd crotects 
Sronn Srveshon Dy Tarn aor sacortes. Less 
Aster ob Sev excoses Te Sacto haar agents, 
hrypuiierma2 ang loss of bods Sods. OF 20 ses of bors. 
trerizted Sars ere Se oommcrest, HLowed oy salds 
and Axctsic2) poms. Frewors a= 2 seesor2! cer and 
over $5 of those Sjured Ov Sceworks are children 
jounges Gan 15 veers. Preven oF 236 Labor in frearm 
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reduce these inguries. Crdlcren shoclé ose flame retar 
or nomflamanable fabrics to prevext Summ. 

Children with severe burms often. Rave assoctated 
traumatic injuries which might oe missed Peczuse of 
edema and charring nature of Te Som Elecmic:! mpuries 
can occur from direct comtzct ov bY an acc such 2s a 


lightning strike. Direct contact otz=n Fs eaticy amd exit 


4 


site wound. The extent of Injury Cacencs on the voltzse 


of current, and course of Gectric corremt Crousn the body. 
Current passing in the region of the neart can cause 


arhythmias and death. Tissues with hich resistence like 
bone and tendons convert move eleccice! enerev into 
therma] energy and sustain more c2m2ce Inhalation 


injury, associated with large burns, inciudes csper awe 
direct thermal] injury, chemical pneumonits fom harmful 
chemicals and systemic poisoning fom Mmhazlztien o 


cyanide and carbon monoxide. 


re, 


Classification of Burns 

Thermal burns may be scalds (caused br hot liquid er 

steam), contact burns (contact with hot obvects), fame 

bums, chemical burns (exposed to strong 2Gds or alkalis) 
or electrical. Based on depth, burs are classified as: 

1. First degree or superficial burns confined to the 
epidermis. Characterized as erythematous. painful and 
dry burns. They heal within a week not ! aving anv 
scar behind. 

2. Second degree or partial thickness burns involve part 
of the dermis, and are characterized by erythematous, 
moist and painful burns. (a) Superficiz!: Take less than 
3 weeks to heal; (b) Deep: Take more than 3 weeks to 
heal and leave scars. 


Table 27.2: Pediatric trauma score 


Component +2 


Slzo >20 kg 
Alrway Normal 
Systolic BP =90 mm Hg 
Central nervous system Awake 
Skolotal None 


+7 =f 

10-20 kg <10 kg 
Maintainable Not maintainable 
50-90 mm Hg <50 mm Hg 


Coma, decerebrate 
Open or multipie fractures 


Obtunded, coma 
Close fracture 


(7s 
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3. Third degree or full thickness burns damage the full 
thickness of dermis. These are characterized as leathery, 
dry and insensate burn. They cannot regenerate 
themselves without grafting. 

The “rule of nines” for calculating the surface area of 
burn is not applicable to children <15-year-old. The Lund 
and Browder chart can be used for the same. A practical 
approach is to consider the child’s palm together with 
fingers as representing 1% of total body surface area 
(ITBSA). The risk of mortality from burns covering 30% of 
body surface area is ~50% and that with more than 50% 
BSA is ~100%. 


First Ald 


Fire injuries: At the scene of fire, the child should be 
wrapped with a blanket or coat; attempt is made to 
extinguish the flames by rolling the victim on the ground. 
Running with clothes on fire should be avoided. The 
victim is rescued to a safe airy place away from the fire to 
prevent exposure to gases like carbon monoxide and 
cyanide. In the case of minor burns or scalds, pour cold 
water, apply cold-water soaks or submerge the burned 
portion immediately in cold water. Application of grease, 
soda, oil, powder, butter, toothpaste or herbs should be 
avoided. The wound is covered with clean sheets of sterile 
dressing and the patient wrapped in a blanket or foil. 
Management of patients requires assessment of the extent 
of injury, including surface area, depth and cause of burn. 


Electrical injuries: The power supply should be switched 
off. Using a nonconductor material (dry wooden stick or 
dry cotton clothes), the victim is pulled from the electric 
source. The surface injury may be smaller and is often not 
indicative of the extent of injury to deeper tissues. Children 
should be monitored for arrhythmias, ongoing myolysis, 
and secondary organ dysfunction. 


Inhalational injury: Children with inhalation injury may 
require to be intubated and provided supportive 
ventilation. Pneumonitis peaks after 3-5 days of injury. 
High blood levels of carboxyhemoglobin suggest carbon 
monoxide poisoning. Inhalation of 100% oxygen shortens 
the elimination half life of carbon monoxide from 4 hours 
to 40 minutes, and is thus recommended. Cyanide 
poisoning can occur when significant quantities of plastics 
are burned. The antidote, hydroxycobalamin, infused at 
a dose of 70 mg/kg IV, binds with cyanide forming 
cyanocobalamin that is stable and excreted in urine. Amy] 
nitrite and sodium nitrite may induce methemoglobinemia 
and are not recommended. 


Hospitalization 


Minor burns can be treated at home with topical 
ointments. Indications for inpatient care include: (i) third- 
degree burns at any age group; (ii) second-degree burns 
involving more than 10% TBSA; (iii) burn injuries 
involving the face, hands or genital areas; (iv) electrical 
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burns, chemical burns and inhalational injury; and (v) burn 
patients with concomitant trauma. 

The goals of resuscitation and early management are: 
(i) adequate fluid replacement; (ii) correction of hypoxia 
and ventilatory disturbances; (iii) prevention of 
hypothermia; (iv) adequate control of pain and anxiety;(v) 
wound care; (vi) nutrition, and (vii) supportive care, IV 
access is established with the peripheral cannula and may 
be performed through burn-injured tissue, if required, 
Children with >10% burns should have urinary 
catheterization to titrate fluid resuscitation. 


Fluid replacement: The goal of fluid resuscitation is to 
replenish the fluid loss and to restore and maintain 
perfusion, tissue oxygen delivery at optimal levels in order 
to protect the zone of ischemia in burnt tissues without 
overloading the circulation. Monitoring urine output and 
a nasogastric tube for continuous suction to prevent emesis 
and aspiration are essential. The adequacy of fluid 
resuscitation is based on urine output, which should be 
maintained above 1 mL/kg/hr in infants and young 
children. The Parkland formula estimates the amount of 
fluid to be replaced over 24 hours as follows: 


Volume of Ringer lactate (mL) = 4 mL x weight (kg) x % 
TBSA burn 


In addition, the child requires maintenance fluid 
therapy. Half of the resuscitation volume should be given 
in initial 8 hours and the other half in following16 hours. 
Potassium is administered after normal kidney function 
is shown. Subsequent fluid management should account 
for ongoing fluid losses (Fig. 27.1). 


Analgesia: Adequate control of pain is an essential! 


component of burn management; opioids are commonly 
prescribed. 


Wound care and topical therapy: Adequate wound care 
and topical therapy result in healing of first and second- 
degree burns, without need for skin grafting. The most 
commonly used topical agents are 0.5% silver sulfadiazine, 













(4 mLkg x % BSA burn) (Ringer lactate) 
Plus 





Maintenance (5% dextrose & Ringer lactate) 






Initial 24 hours 


Half of resuscitation volume in first 8 hours 
Other half in next 16 hours 


Subsequent 
therapy 






Maintenance. 
Plus 
Hourly ongoing loss calculated as 
(25 + % BSA burn) x Total BSA 
(N/S In 5% dextrose) 
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Fig. 27.1: Outline Of fluld resuscitation in burns 
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0.5% silver nitrate and mafenide acetate. Application 
of silver sulfadiazine js painless and has a soothing 
effect, restricting fluid and heat loss from burn surface, 
However, it can cause skin rash, leukopenia, and thrombo- 
cytopenia. Silver nitrate is not an effective antibacterial 
agent because of poor penetration of the burn eschar. The 
medication can cause hyponatremia, hypokalemia, 
hypochloremia and hypocalcemia. Mafenide acetate 
penetrates the burn eschar effectively; its application may 


be painful and associated with skin reaction and metabolic 
acidosis. 


Daily dressing changes are required; moist exposed 
burn ointment (MEBO) is promising. Treatment for small, 
deep second-degree burns has two components: Excising 
the burn wound before it is infected and covering the 
excised wound with synthetic or biological wound 
dressings. For circumferential burns of the chest, abdomen 


and extremities, decompressive escharotomy need to be 
performed. | 


Nutrition: High caloric and protein intake are crucial for 
survival and recovery. Caloric requirement in children 
with burns is estimated as follows: 


Infants: 2100 Kceal/m? + 1000 Keal/m? burn surface area 
Children: 1800 Kcal/m* + 1300 Keal/m? burn surface area 
Adolescents: 1500 Kcal/m? surface area and burn surface area 

Adequate protein intake (2-3 g/kg body weight) and 
supplementation of trace vitamins and minerals are 
necessary. Whenever feasible, particularly in children with 
less than 15-20% burns, nutrients are given enterally. Tube 
feeding is started on the first day of admission with rapid 
advancement towards intake goals. Parenteral nutrition 
is considered in children with extensive burns, inhalation 
injury or prolonged paralytic ileus. 


Supportive measures: Assessment of physical abilities and 
enabling a full range of joint movements by physical and 
occupational therapy and play therapy is encouraged. 


DROWNING AND NEAR DROWNING 


Drowning is an asphyxial death from submersion or 
immersion in liquid. It is the leading cause of injury related 
death for young children under 5 years of age. Drowning 
rates in low-middle income countries are 6-time higher 
than in high-income countries. Risk factors for drowning 
include residence in densely populated areas with large 
amount of open water, young age, male sex and those with 
conditions such as epilepsy and autism. While drowning 
is most frequent in natural bodies like ponds, lakes and 
rivers, drowning in swimming pools and bathtubs is 
increasing. See 

Management includes immediate resuscitation and 
transfer to a tertiary care facility. In case of death due to 
drowning, parents need to be provided psychosocial 
support, as it is difficult to cope with the unexpected death, 
Successful interventions to prevent drowning include the 


use of life jackets, fencing around swimming pools, 
covering water hazards and prompt first aid. 


CHOKING AND SUFFOCATION 


Choking, suffocation and strangulation are important 
causes of unintentional injuries, especially in infants. 
Complications include anoxic brain damage and 
esophageal perforations. Food (chiefly nuts), latex 
balloons, toys, lids and small containers are commonly 
involved in choking, while suffocation is commonly seen 
in a crib, waterbed or with playground equipment. 
Ingestion or inhalation of button batteries is dangerous. 
Most batteries pass through the alimentary tract, but 
occasionally are impacted in the esophagus or cause 
gastric erosion. Batteries have also been inserted into the 
nose. Ingested small coins are usually passed safely but 
may became impacted and require surgical intervention. 
Prevention strategies include enforcing regulatory 
standards for baby and child product design and 
manufacture, appropriate labeling and parental education. 


POISONING 


Acute childhood poisoning is a common and challenging 
pediatric emergency. Children are susceptible to 
poisoning because of their curious and exploring nature, 
and propensity to put virtually everything in their mouths. 
Common poisoning agents in high-income countries 
include pharmaceuticals, household products and 
chemicals; in low and middle-income countries, pesticides, 
kerosene, cleaning agents and pharmaceuticals are 
commonly involved. Majority of poisonings in children 
<5 years of age are accidental, while in older children and 
teenagers, these are largely intentional. 


Clinical Approach to Child with Suspected Poisoning 


The initial approach includes stabilization and rapid 
assessment of the airway, breathing, circulation and 
mental status. After initial assessment and stabilization 
of vital signs, general physical and neurological 
examination is done. Physical examination may show 
pallor (hemolysis), cyanosis (methemoglobinemia) or 
icterus (hepatotoxic agents, hemolytic agents). Acidotic 
breathing suggests poisoning due to alcohols, salicylates 
or agents causing hypotension, hypoxia or seizures. 
Tachycardia or tachyarrhythmia may point towards 
sympathomimetic and anticholinergic agents, while 
bradycardia and bradyarrhythmia suggest toxicity with 
digitalis and cholinergic agents. Oral cavity examination 
may reveal signs of caustic ingestion such as excessive 
salivation and swallowing difficulties or indicate a poison 

by its odor. Characteristic features with commonly 

reported poisoning agents are shown in Table 27.3. 

Often a particular poison produces a constellation of 
features (toxidromes) involving various organ systems 
that confirm the likely diagnosis. A history of vomiting, 
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Table 27.3: Key clinical features In polsoning 


Signs and symptoms Toxin 


Central nervous system 


Anticonvulsants (phenytoin), alcohols, sedative-hypnotics 
Opioids, sedative-hypnotics, anticonvulsants, antidepressants, antipsychotica 


Sympathomimetics, anticholinergics, antipsychotics, antidepressants, serotonin syndrome 
Beta-blockers, calcium channel blockers, digoxin, organophosphates, oplolds 


Ataxia 

Coma 

Seizures Sympathomimetics, Ecstasy, anticholinergles 
Eyes 

Miosis Opioids, organophosphates 

Mydriasis Anticholinergics, sympathomimetics 
Nystagmus Phenytoin, alcohol, ketamine, sedative-hypnotics 
Cardiovascular system 

Tachycardia 

Bradycardia 

Hypertension Sympathomimetics, anticholinergics 


Hypotension 


Respiratory system 
Respiratory depression 
Tachypnea 


Gastrointestinal tract 


Opioids, sedative-hypnotics 
Salicylates, sympathomimetics 


Beta blockers, calcium channel blockers 


Diarrhea Opioid withdrawal, cholinergics 
Constipation Lead intoxication 
Jaundice Acetaminophen, carbon tetrachloride 


Cutaneous manifestations 


Diaphoresis Cholinergics, sympathomimetics 
Cyanosis Methemoglobinemia 

Alopecia Arsenic, thallium poisoning 

Oral cavity 

Salivation Organophosphates, salicylates 

Oral burns Corrosives 

Gum lines Lead, mercury, arsenic, bismuth 

Odor 

Bitter almond Cyanide 

Acetone Isopropyl alcohol, methanol, salicylates 
Alcohol Ethanol 

Garlic Organophosphates, arsenic, kerosene 


diarrhea, excessive sweating or salivation, seizures and 
presence of meiosis, coma and respiratory failure indicate 
anticholinergic (organophosphate) poisoning, while the 
presence of mydriasis, dry mouth, seizures, sensorial 
alteration and hypertension may point towards poisoning 
or overdose with cholinergic compounds (Dhatura, 
atropine or tricyclic antidepressants) (Table 27.4). 


Laboratory Evaluation 

Diagnosis of poisonings is chiefly clinical and quantitative 
estimation of most toxins is usually not possible or 
delayed. Laboratory evaluation is used to support the 
clinical diagnosis. Quantitative estimation of selected 
agents, such as heavy metals, salicylates, some 
anticonvulsants, digoxin and paracetamol is available at 
the toxicology laboratory at the All India Institute of 
Medical Sciences, New Delhi as well as a few private 
centers in the country. Samples for quantitative assessment 


in a child with suspected poisoning should include 
vomitus or gastric aspirate, and urine and blood 
specimens. Simple bedside tests help in management and 
monitoring of these patients (Table 27.5). 


Management 


Emergency cardiorespiratory Stabilization is the priority 
and should precede diagnostic tests. While the patient |s 
being stabilized, a member of the team should contact the 
National Poisons Information Centre (NPIC) at AIIMS, 
New Delhi which has an emergency helpline available 
24 x 7. Based on the information provided, advice on 
diagnosis and management of the child or adult patient is 
provided and the poisoning is recorded in the National 
Database. Helpline numbers are 1800-116-117, OII- 
26589391, and 011-26593677 

http:/howw.aiims.edu/aiims/departments/pharmacology/NPIC/ 
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Table 27.4: Common toxidromes 


Toxin 


Cholinergics (Organophosphates, 
carbamates) 


Toxidrome 


Muscarinic effects (DUMBBELS) 
Diarrhea; urinary Incontinence; miosis; bradycardia; bronchorrhea; 


emesis; lacrimation; salivation 
Nicotinic effects 

Fasciculations, weakness, paralysis 
Tachycardia, hypertension 

Central nervous system effects 
Lethargy, coma; agitation, seizures 


Anticholinergics (atropine, tricyclic 
antidepressants, antihistaminics) 


Delirium, agitation (mad as a hatter) 
Mydriasis (blind as a bat) 


Flushing (red as a beet) 

Hyperthermia (hot as a hare) 

Dry skin and oral mucosa (dry as bone) 

Tachycardia, hypertension, urinary incontinence, ileus 


Sympathomimetics (amphetamines, 
cocaine, ADHD medications) 


Agitation, seizures 
Mydriasis 


Tachycardia, hypertension 
Fever, diaphoresis 
Pallor, cool skin 


Opioids (methadone, morphine, heroin) 


Coma, respiratory depression 
Miosis 


Bradycardia, hypotension, hypothermia 


Sedative hypnotics (barbiturates, 
benzodiazepines) 


Serotonin syndrome (SSRI, lithium, 
monoamine oxidase inhibitor, linezolid) 


Coma, respiratory depression 

Arrhythmias, QT prolongation 

Agitation, confusion, coma 

Hyperthermia, tachycardia, hypertension or hypotension 


Mydriasis, diaphoresis 
Neuromuscular excitability 


SSRI: Selective serotonin receptor inhibitor 


Principles of management of patients with poisoning 
include: (i) initial assessment and rapid stabilization of 
airway, breathing and circulation (basic life support) and 
supportive care, (ii) decontamination, (iii) enhancement 
of excretion, and (iv) administration of antidotes. These 
are discussed below. 


Basic Life Support 


Airway and breathing: Early elective intubation is 
preferred in patients with high risk of aspiration and 
progression to respiratory failure. Rapid sequence 
intubation is preferred, due to potential loss of protective 
airway reflexes and expectation of a full stomach, with 
risk for aspiration. Specific indications for intubation 
include failure to maintain patent airway due to CNS 
depression or increased secretions; respiratory failure 
(hypoxemia or hypercapnia) and severe pulmonary edema 
(salicylates). Establishment of airway may be difficult in 
children with poisoning due to caustics and upper airway 
burns and/or angioedema. Adequacy of breathing should 
be assessed by respiratory efforts, chest excursions, air 
entry, and oxygen saturation. Mechanical ventilation 


should be optimized to maintain adequate gas exchange 
and hemodynamics, taking care to avoid nosocomial 
infections. 


Circulation: Causes for cardiovascular instability in 
poisoned patients include decreased systemic vascular 
resistance, myocardial depression (tricyclic antidepressants, 
calcium channel blockers) and arrhythmias (digoxin, 
tricyclic antidepressants). Priority is given towards 
optimization of preload before using vasoactive agents. 
In hypotensive patients, it should be remembered that 
patients are often not hypovolemic; aggressive fluid 
resuscitation can, therefore, lead to fluid overload. If 
hypotension persists after 1 or 2 standard crystalloid 
boluses, infusion of a direct acting vasopressor, such as 
epinephrine and norepinephrine, is preferred, Arrhythmias 
caused by agents that block fast sodium channels (tricyclic 
antidepressants) are managed with sodium bicarbonate 


therapy. 


Supportive Care 


The goals of care include post-stabilization care and 
monitoring for complications and organ dysfunction. 
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Laboratory abnormality 


High anion gap metabolic acidosis 
Uremia 
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Table 27.5: Laboratory clues in poisoning a ; 


- 


Causative agents 
Methanol, metformin 


Diabetic ketoacidosis 
Paraldehyde, propylene glycol 
Isoniazid, iron 

Lactic acidosis 

Ethanol, ethylene glycol 


Salicylates 
Alcohols: Ethanol, methanol, isopropyl, ethylene glycol 
Oral hypoglycemics: Sulfonylurea, meglitinides 


Elevated osmolar gap 
Hypoglycemia 


Quinine, unripe Ackee fruit 
Beta blockers, insulin, ethanol, salicylates 


Hyperglycemia 


Salicylates (early) 


Calcium channel blockers, caffeine 


Hypocalcemia 
Rhabdomyolysis 
Hyperkalemia 

Urine color 

Orange to red-orange 
Pink 

Brown 

Green to blue 

ECG changes 
Prolonged PR interval 
Prolonged QRS complex 
Prolonged QTc interval 
Radiopaque density 


Convulsions may occur due to hypoglycemia, hypoxia, 
cerebral edema, direct effect of toxin on the central nervous 
system, and hypo- or hypernatremia. Seizure control is 
achieved through administration of benzodiazepines 
(lorazepam 0.1 mg/kg IV, midazolam 0.15 mg/kg IV, 
rectal diazepam 0.2-0.5 mg/kg/dose). Status epilepticus 
is managed as per standard protocol. 


Acid-base abnormalities are commonly observed with 
alcohols, salicylates and iron toxicity. The emphasis is 
directed at the underlying etiology rather than excessive 
use of sodium bicarbonate. 


Electrolyte and metabolic abnormalities are anticipated 
in poisoning with drugs such as digoxin, beta-blockers, 
insulin and potassium chloride. Administration of 
antidotes, if applicable, and correction of the underlying 
abnormality is important. 


Hypothermia is observed in poisoning with narcoleptic 
agents such as chlorpromazine. Management comprises 
of keeping the patient warm, administering pre-warmed 
[V/nasogastric fluids and monitoring for complications 
of hypothermia, e.g. hyperglycemia and disseminated 
intravascular coagulation. 


Ethylene glycol, fluoride 
Neuroleptic malignant syndrome, serotonin syndrome, statins 


Digoxin, beta blockers, alpha agonists 


Rifampin, deferoxamine, phenazopyridine, lead and mercury poisoning 
Cephalosporins or ampicillin 

Chloroquine or carbon tetrachloride 

Amitriptyline 


Digoxin, lithium 

Membrane active agents like tricyclic antidepressants (TCA) 
Some macrolides and antifungals, amiodarone, antipsychotics 
Chloral hydrate, calcium carbonate, heavy metals, iron 
Phenothiazines, potassium chloride, enteric-coated tablets 
Dental amalgam 


Pulmonary edema is non-cardiogenic and occurs with 
substance abuse (heroin, cocaine) or with aspirin overdose. 
Treatment comprises of administration of 100% oxygen 
and positive pressure ventilation, if required. The use of 
frusemide and atropine (for organophosphate poisoning) 
may be helpful. 


Pain is common with snake or scorpion bites and with 
ingestion of corrosives. Analgesics, narcotics (if no 
respiratory/CNS depression) and local anesthetics are 
often required. 


Nausea, vomiting and upper GI bleeding may be observed 
with ingestion of corrosives or drugs causing gastric 
irritation, or due to stress of illness itself. The use of 
antiemetics, H, receptor antagonists and proton pump 
inhibitors should be considered. 


Decontamination or Removal of Unabsorbed Polson 


Decontamination is an important step that helps reduce 
further absorption of the poison. The method varies 
depending on the type and route of exposure, patient age 
and general condition, and the time elapsed since 
poisoning. However, decontamination should not be 
routinely employed for every patient. 
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Dermal and ocular decontamination; Dermal and ocular 
decontamination begin with removal of any contaminated 
clothing and particulate matter, followed by flushing of 
the affected area with tepid water or saline. A minimum 
of 10-20 minutes of flushing is recommended for most 
exposures, although some chemicals (e.g. alkaline 
corrosives) require longer periods of flushing. Dermal 
decontamination should include thorough cleansing with 
soap and water especially in case of organophosphate 
poisoning. Water should not be used for decontamination 
after exposure to highly reactive agents, such as elemental 
sodium, phosphorus, calcium oxide and titanium 
tetrachloride. 


Gastrointestinal decontamination: GI decontamination 
strategies are most likely to be effective, if employed 
within the first hour after an acute ingestion. However, 
even rapid decontamination with activated charcoal will, 
at best, bind ~30% of the ingested substance. Of the 
methods of GI decontamination, only activated charcoal 
and whole-bowel irrigation (WBI) are of clinical benefit. 

Gastric lavage may be employed for patients who arrive 
within 1 hour of toxin ingestion. Following insertion of a 
large-bore orogastric tube (preferably 28 Fr in infants and 
36 Fr in older children) into the stomach, the gastric 
contents are aspirated and washed. Child is kept in lateral 
decubitus position with head end lowered. Contra- 
indications to gastric lavage include unprotected airway, 
ingestion of corrosive substances or hydrocarbons, and 
patients at risk for GI perforation or hemorrhage. 
Complications include pulmonary aspiration, respiratory 
compromise, mechanical injury or perforation of 
esophagus, and electrolyte imbalances. There is limited 
evidence to suggest that its use improves clinical outcome, 
so gastric lavage should not be considered unless a patient 
has ingested a potentially life-threatening amount of 
poison. 

Activated charcoal is a potentially useful method of GI 
decontamination. Charcoal is activated by heating to 
extreme temperatures, which lead to creation of extensive 
network of pores, providing large surface area for 
absorption. Charcoal is most likely to be effective when 
given within 1 hour of toxin ingestion. It adsorbs almost 
all toxins except common electrolytes, iron, mineral acids or 
bases, alcohols, cyanide, most solvents, most water insoluble 
compounds (hydrocarbons), pesticides and lithium. The dose 
of activated charcoal is 1g/kg in children or 50-100 g in 
adolescents and adults. A patent and stable airway must 
be ensured before administering activated charcoal. Its use 
is contraindicated in patients with intestinal obstruction, 
ileus, peritonitis and corrosive ingestions. 

Whole bowel irrigation (WBI) involves instilling large 
volume of polyethylene glycol electrolyte solution (PEG- 
ES) rectally or orally to wash out the entire gut. 
Recommended doses of PEG-ES are 35 mL/kg/hr in 
children and approximately 1-2 L/hr in adolescents. In 
children, WBI is particularly useful in decontamination 


of gut of a child with ingestion of heavy metals, iron, 
sustained release or enteric-coated tablets and drug packets. 
Careful attention should be paid to assessment of the 
airway and abdominal exam before initiating WBI, and it 
should never be done in a patient without bowel sounds 
or signs of obstruction or ileus, or without a protected 
airway. WBI is administered via a nasogastric tube and is 
continued until the rectal effluent is clear. 

Syrup of ipecac or use of other emetics is no longer 
recommended as the amount of poison removed is highly 
variable and the outcomes do not seem to improve with 
administration. Induced emesis is also contraindicated in 
infants, comatose patients, and in children with corrosive 
and hydrocarbon ingestion. 


Surgical decontamination comprises of endoscopic 
removal of toxins in case of ingestion of large quantities 
of the toxin or substance (body packers) or lethal amounts 
of heavy metals refractory to WBI. 


Enhancement of Excretion 


The technique of enhancing excretion is useful only for a 
few toxins where prolonged exposure can result in 
hemodynamic and respiratory compromise or organ 
failure. Commonly used methods for enhancing excretion 
are described below. 


Urinary alkalinization is used for enhancing excretion of 
weak bases and acids, respectively. Alkalinization is 
accomplished by continuous infusion of sodium 
bicarbonate, aiming for urine pH of 7.5-8. This procedure 
is used to enhance excretion of weak acids, e.g. salicylates, 
isoniazid, phenobarbitone and methotrexate. Sodium 
bicarbonate is given at a dose of 1-2 mg/kg in one liter of 
N/5 normal saline and infused at a rate of 0.5 to 1 liter per 
hour until desired pH is achieved. Serum pH should be 
closely monitored, since pH >7.5 is potentially dangerous 
for cellular function. Acidification of urine is not advised 
because of associated complications like acidosis, 
hyperammonemia and rhabdomyolysis. 


Forced diuresis in order to ensure urine flow ~5 mL/kg/ 
hr facilitates drug elimination. Brisk diuresis reduces drug 
concentration in distal tubules and decreases the 
concentration gradient, reducing chances of reabsorption 
and enhancing elimination. Diuresis is usually combined 
with urinary alkalinization. 


Hemodialysis is effective in removal of substances having 
the following properties: (i) low volume of distribution 
(<1 L/kg), (ii) low molecular weight, (ii!) low degree of 
protein binding, and (iv) high degree of water solubility. 
Toxins removed by hemodialysis include barbiturates, 
carbon tetrachloride, digitalis, ethanol, ethylene glycol, 
salicylates, theophylline, bromide, lithium and valproic 
acid. In addition to enhancing elimination, hemodialysis 
benefits by correcting metabolic and electrolyte 
abnormalities resulting from ingestion of toxic substances. 
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Hemoperfusion involves circulating blood through a 
cartridge with large surface area coated with activated 
charcoal. Hemoperfusion enables removal of substances 
with: (i) low water solubility, (ii) high affinity for the 
adsorbent, (iii) faster rate of equilibrium between 
peripheral tissues and blood, and (iv) low affinity for 
plasma proteins. Toxins eliminated by this technique are 
carbamazepine, barbiturates and theophylline. 


Hemofiltration removes compounds with molecular 
weight 500 to 40000 RMM, and is used for removal of 
aminoglycosides, theophylline, iron and lithium. 


Exchange transfusion removes poisons affecting the red 
blood cells, as in methemoglobinemia or arsenic-induced 
hemolysis. 


Multiple dose activated charcoal (MDAC) enhances 
elimination by 2 mechanisms, interruption of enterohepatic 
circulation and gastrointestinal dialysis where intestinal 
mucosa is used as the dialysis membrane. MDAC is given 
ata dose of 0.5 g/kg every +6 hours, until there is significant 
decline in serum drug concentrations. Chief complications 
include bowel obstruction and perforation. The technique 
is recommended for drugs like carbamazepine, dapsone, 
phenobarbital, quinine and theophylline. IV infusion of 
intralipid may be used for sequestering fat-soluble drugs 
(calcium channel blockers, tricyclic antidepressants) and 
reducing their impact on target organs. 


Aaministration of Specific Antidotes 


Antidotes are substances that counteract the effect of 
poisons, and where available, are of immense utility. 


Acetaminophen N-acetylcysteine 
Benzodiazepines Flumazenil 
Anticholinergics Physostigmine 
Carbon monoxide Oxygen 
6 Blockers Glucagon 
Calcium channel blockers Insulin 
Digitalis Digoxin-specific 

Fab antibodies (Digibind; DigiFab) 
Methemoglobinemia Methylene blue, 1% solution 
Opioids Naloxone 
Organophosphates Atropine 

Pralidoxime 
Salicylates Sodium bicarbonate 
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However, effective dntidates are not available for tiajority 
of poisonlngs, and aymplotmotic and stppertive treatirvent 
remains the malnstay Of manayemnent, Vatbe 27.6 Vets 
antidotes used commonly for management Of Varios 
poisonings. A Ilst of mantfactiirers of specie antidotes 
in India ds maintained by the NPIC. 

Nipkow. almaedufailimse/lepartinents/pharmacology/NAI / 
masspoisioning dit 
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Hydrocarbon Polsoning 


Hydrocarbon ingestions account for whit of accldental 
polsonings and ~25'% of deaths related to ingestions in 
children <5 years globally, Children are often accidental 
victims of HIC poisoning as these products are inappro- 
priately slored in unlabeled containers of rlnking, sylascen 
and are often attractive in color or pleasant smelling, like 
furniture polishes. Hydrocarbons are categorized into 
aliphatic (kerosene), aromatic (benzene), Halogenated 
(carbon tetrachloride) and mixed compounds, Aromatic 
and halogenated compounds have predominant effect on 
the central nervous system, while aliphatic hydrocarbons 
have risk of aspiration and pulmonary symptoms. ‘The 
most important manifestation of hydrocarbon toxicity is 
aspiration pneumonitis via inactivation of type TU 
pneumocytes and resulting surfactant deficiency, The 
propensity of a hydrocarbon to cause aspiration 
pneumonitis is inversely proportional to its viscosity, and 


Table 27.6: Poisoning agents and thelr antidotes 


| Toxin Antidote 


Dosage 


Oral: 140 mg/kg loading; thon 70 mg/kg q4h (for 17 dosos) 
IV: 150 mg/kg over 1 hr; then 50 mg/kg ovor 
4 hr; followed by 100 mg/kg ovor 16 hr 


IV: 0.2 mg over 30 sec; If response Inadequato, 
repeat qi minute to maximum dose of 1 mg 


IV, IM: 0.02 mg/kg over 5 minutes; may repeat gq 5-10 
minutes to 2 mg maximum 


100% oxygen via non-rebreathing mask or 
endotracheal tube (if intubated) 

IV: 0.15 mg/kg bolus; then 0.05-0.15 mg/kg/hr Infusion 
IV: 1 U/kg bolus; followed by Infusion 0.5-1 U/kg/hr 

1 vial binds 0.6 mg of digitalis 

#Vials = digitalis level A ~ weight In kg/100 

IV: 0.1-0.2 mL/kg (1-2 mg/kg) over 5-10 minutes; may 
repeat q30-60 minutes 

IV: 0.01-0.1 mg/kg 


Adolescents, adults: 0.04-2 mg; repeat as needed: or 
infusion 

IV: 0.05-0.1 mg/kg; repeat q5-10 minutes, If needed 
IV: 25-50 mg/kg over 5-10 minutes (maximum 200 mg/ 
minute); repeat after 1-2 hr, then q10-12 hr as needed 


IV: 1-2 mEq/kg bolus; followed by continuous infusion 
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directly proportional to its volatility. Compounds with 
high volatility, low viscosity and Jow surface tension 


(kerosene, gasoline, naphtha) are likely to be aspirated and 
cause severe lung injury. 


Clinical and Laborotory Manifestations 


¢ Respiratory system: Symptoms develop early (within 
6 hours) due to aspiration during ingestion or following 
vomiting. Symptoms may vary from mild cough and 
respiratory distress to ARDS and respiratory failure. 
The chest radiograph may be normal initially or show 
infiltrates, pleural effusion, ARDS and pneumatoceles. 

¢ CNS: Restlessness, drowsiness, seizures and coma due 
to hypoxia and acidosis. 


¢ CVS: Dysrhythmias seen with aromatic hydrocarbon 
abuse. 

e Fever and leukocytosis are common and do not 
necessarily imply bacterial superinfection. 


Recovery usually takes 3 to 8 days, but may be pro- 
longed due to superadded pneumonia. Male sex and 


malnutrition may prolong the length of stay in these 
children. 


Treatment 


Treatment is mainly supportive. Evacuation of stomach 
by gastric lavage or induction of emesis is not recommended 
because of risk of aspiration. Cautious evacuation of gastric 
contents is recommended in patients with poisoning by 
products contaminated by pesticides, heavy metals or 
other toxins. All patients with history of hydrocarbon 
ingestion should be observed for at least 6 hours 
irrespective of their clinical status. An approach to a case 
of hydrocarbon poisoning is shown in Fig. 27.2. 


Corrosive Ingestion 


Corrosives are a commonly reported agent of poisoning 
in children, especially in toddlers. Corrosives may be 
acidic or alkaline in nature. Acids are commonly found in 
various household or industrial products include batteries 
and acids for cleaning purposes. Phenols are used as 
antiseptics and alkalis may be found in bleaching agents, 
paint removing agents (sodium hydroxide), soaps and 
household cleaning products. Alkalis cause liquefaction 
necrosis while acids cause coagulation necrosis, followed 
by fibrosis and stricture formation. 


Clinical and Laboratory Manifestations 


Immediate effects may be burning pain at the site of 
ingestion or spill, and hoarseness of voice due to laryngeal 
edema. Excessive salivation, dysphagia, odynophagia, 
hematemesis and epigastric pain may be presenting 
features. There is risk of perforation of stomach and 
esophagus. Respiratory system involvement may manifest 
as dyspnea, pulmonary edema and chemical pneumonitis. 
Delayed effects include esophageal, laryngeal stricture and 
pulmonary fibrosis. Systemic effects include metabolic 
acidosis, hepatic and renal dysfunction. 


Chest and abdominal radiographs or CT scan are done 
to screen for esophageal or intestinal perforation. 
Endoscopy is performed within 24 hours of ingestion to 
assess extent of esophageal injury. The procedure is contra- 
indicated in patients with hemodynamic compromise, 
peritonitis and mediastinitis and in patients with mild 
ingestion. Zargar’s classification of corrosive injury helps 
grade the severity: Grade 0 normal mucosa; Grade 1 
erythema, hyperemia; Grade 2a superficial ulceration, 
erosion, hemorrhage; Grade 2b findings in 2a plus deep 





Asymptomatic 


Symptomatic (wheezing, altered sensorium, tachypnea) 


Remove all clothes and wash the skin 
No gastric lavage or induced emesis 





Chest X-ray 


Normal chest X-ray 











Observe for 6 hours 


Discharge, if asymptomatic 


Abnormal chest X-ray 






Admit and observe 
Discharge, if asymptomatic and follow-up can be ensured 


Admit; Oxygen, IV fluids, beta agonists 
Monitor respiratory and neurologic status 


No steroids or prophylactic antibiotics 





Fig. 27.2: Approach to a child with hydrocarbon poisoning 
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discrete or circumferential ulcers: Grade 3a scattered 
necrosis; and Grade 3b extensive, circumferential necrosis 
of mucosa. 


Management 


Management comprises of emergency care and supportive 
care (Fig. 27.3). Nasogastric tube should not be inserted 
and gastric lavage is contraindicated, as they increase the 
risk of injury and perforation. Exceptions are made in 
patients with mercury chloride, zinc chloride and phenol 
ingestion, as these compounds are associated with severe 
systemic toxicity and may be rapidly fatal. Airway 
protection is a priority as laryngeal edema may rapidly 
progress over minutes to hours and may cause airway 
obstruction and death. Elective intubation might be 
required in such cases, or in presence of respiratory 
distress or hoarseness of voice. Expertise to perform 
emergency tracheostomy or cricothyrotomy should be 
available at the time of elective intubation, There is no 
role for use of intravenous or nebulized corticosteroids or 
epinephrine in reducing the need for intubation. 


Long-term management comprises of ensuring nutrition 
and therapy for strictures. Patients are initially kept nil 
orally and managed with IV fluids. Endoscopic grading 
helps in planning nutritional support. While patients with 
grade 1 and 2a are allowed oral feeds, those with grade 
2b or 3a are fed by nasogastric tube that is inserted by 
endoscopy. Patients with grade 3b injury receive enteral 
feeding through gastrostomy; some patients require total 
parenteral nutrition prior to gastrostomy. 

Stricture formation is the most important complication. 
Dilatation therapy and surgery are recommended for 
prevention and treatment of strictures. Dilatation is done 


3-6 weeks after injury, progressively increasing the size 
of bougies passed over endoscopically placed guidewires, 
The risk of perforation and aspiration are high, Esophageal 
strictures refractory to dilatation may be surgically 
corrected by resection and esophageal bypass. 


Organophosphate Poisoning 


Organophosphates and carbamates are commonly used 
pesticide agents and a common cause of poisoning in 
developing nations. Organophosphates cause toxicity by 
inactivating acetylcholinesterase, resulting in excess of 
nicotinic and muscarinic activity in the peripheral and 
central nervous systems. These agents form an irreversible 
bond with and permanently inactivate the enzyme. On the 
other hand, carbamates reversibly bind with the enzyme, 


Clinicol Features 


The symptoms of organophosphate toxicity depend upon 
the route, duration of exposure, and the absorbed dose. 
Acute poisoning is characterized by three phases: 
Cholinergic crisis, intermediate syndrome and delayed 
neuropathy. The features of acute cholinergic crisis include 
diarrhea, urination, miosis, bronchorrhea/ bronchospasm, 
bradycardia, emesis, lacrimation and salivation 
(DUMBBELS). Some patients show nicotinic features with 
hypertension, tachycardia and dysrhythmia, muscle 
weakness, fasciculations, tremors and hypoventilation. 
Patients with severe poisoning may present with coma 
and respiratory failure which may rapidly progress. While 
recovering from cholinergic crisis, some patients may 
suddenly develop respiratory failure (intermediate 
syndrome). Late complications of poisoning include 


delayed polyneuropathy and a range of chronic neuro- 
psychiatric symptoms. 








Mild ingestion: Normal oral and upper airways 


Moderate to massive ingestion 
Oral, upper airway burns 


No evidence of mediastinitis, peritonitis 
‘ or hemodynamic compromise 






Supportive care 


Surface decontamination, airway 
protection, circulatory management 


Endoscopy in first 24 hours 

Grade severity of corrosive burns 
Evidence of perforation: pain, persistent acidosis, rigidity 
Laparotomy and repair 


Fig. 27.3: Acute management In a child with corrosive Ingestion 
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Laboratory Manifestations 


The diagnosis of organophosphate poisoning is based on 
characteristic clinica] Signs, smell of the organophosphate 
compounds, and reduced butyrylcholinesterase in plasma 
or acetylcholinesterase activity in blood. The major 
differential diagnosis is carbamate poisoning, which is 
clinically indistinguishable. 

Cholinesterase assays: There are two types of choline- 
sterases, acetylcholinesterase and butyrylcholinesterase; 
values <10% normal of either of the enzymes indicates 
severe poisoning. Emergency treatment should not be 
delayed while awaiting results of the enzyme assays. 


Treatment 


Management of organophosphate toxicity involves dermal 
and ocular decontamination and expeditious administra- 
tion of two available antidotes, atropine (reverses 
muscarinic effects) and pralidoxime aldoxime methiodide 
(PAM), which facilitates reactivation of acetylcholine- 
sterase. A stepwise approach to treatment of organo- 
phosphate poisoning is described in Box 27.1. 

Pralidoxime is not administered in patients with 
carbamate toxicity, since patients usually recover within 
24 hours with or without treatment. Since organo- 
phosphate and carbamate poisoning are clinically 
indistinguishable, the initial therapy should be as for the 
former poisoning. Since succinylcholine is metabolized by 
similar cholinesterase enzymes, its use should be avoided 
during rapid sequence intubation. 


Acetaminophen (Paracetamol) 


Acetaminophen is a widely used analgesic and antipyretic 
available in different strengths, formulations and 
combinations. Acetaminophen toxicity is the most 
common cause of acute liver failure in the western world. 
Acetaminophen toxicity results from formation of highly 
reactive metabolite, N-acetyl-p-benzoquinoneimine 
(NAPQI). NAPQI is normally detoxified by glutathione, 
but overdose of paracetamol leads to depletion of 
glutathione stores. Free NAPQI combines with hepatic 
macromolecules to produce hepatocellular necrosis. The 
toxic dose of acetaminophen in children is >200 mg/kg. 


Clinical and Laboratory Manifestations 


The clinical manifestations of acetaminophen intoxication 
are described in four stages (Table 27.7). Patients either 





7 


Box 27.1: Treatment of organophosphate poisoning 


1. Check airway, breathing, circulation. Provide 100% oxygen. 

and mechanical ventilation, as indicated. | | 

2. TV access; administer IV fluids and atropine (0.02 mg/kg/ 
dose as bolus). Record pupil size, sweat, pulse rate and 

| blood pressure after first dose. | 

3. Pralidoxime (PAM, 25 mg/kg) IV over 20-30 minutes; then 

| infusion at 10-20 mg/kg/hr in saline. 

' 4. Repeat atropine (0.05 mg/kg/dose) after 5 minutes, if no 
improvement after first dose. Repeat boluses until heart 
rate is appropriate for age, systolic blood pressure >5th 
centile and chest is clear. 

5, Once patient is stable, start infusion of atropine at 10-20% 
of the cumulative bolus doses administered. 

_ 6, Features of atropine toxicity: Stop infusion; wait 30 minutes, 

__ restart infusion at low doses. | 

7. Continue PAM infusion till atropine is no longer required 
for 12-24 hours and patient is extubated. | 

8. If tidal volume <6 mL/kg while weaning from mechanical: 
ventilation (pressure support mode), continue to ventilate. : 


9, Sedation with benzodiazepines to combat atropine- 
induced agitation. 


10. If features of cholinergic crisis recur, treat as above with 
PAM and atropine. | 





recover completely in 3 weeks time or progress to 
fulminant hepatic failure. 


Treatment 


The initial management of paracetamol overdose is like 
any other toxin comprising of gastric lavage (indicated in 
this case) within 4 hours of ingestion and therapy with 
its antidote, N-acetyl cysteine (NAC). NAC, a precursor 
for glutathione synthesis, reduces the incidence of 
hepatotoxicity, if administered promptly. A single 
acetaminophen blood level obtained at least 4 hours of 
ingestion and plotted on the Rumack-Matthew nomogram 
(Fig. 27.4) is used to decide treatment. The normal thera- 
peutic level is 10-20 mg/mL. The nomogram predicts the 
risk of hepatotoxicity at a single point in time, and thus 
cannot predict hepatic failure during the illness or patient 
death. It cannot be used for multiple doses of paracetamol 
or after 24 hours of ingestion, and is not useful for 
associated ingestion with opioid or anticholinergic agents. 

A stepwise approach to management of acetaminophen 
overdose is described in Fig. 27.5. NAC can be administered 
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pera chy ee _ Table 27.7: Clinical stages of acetaminophen toxicity tl 
‘Stage Time after ingestion  — Characteristics 

1 12-24 hours Asymptomatic; nausea and vomiting 


2 
3 
4 


24—48 hours 
3—5 days 
4—14 days 


Resolution of earlier symptoms; evidence of elevated liver transaminases 
Anorexia, nausea, vomiting; multiorgan dysfunction; peak transaminase elevation 
Recovery phase with resolution of clinical symptoms and improvement in hepatic functions 
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Blood for acetaminophen levels at 
least 4 hours post-ingestion 


[ Plot on Rumack-Matthaw nomogram | 


Acetaminophen levels are below 
_ ne eoenline 


Do not give N-acetylcysteine; 
stop, if already started 


Fig. 27.5: Approach to a child with acetaminophen overdose 








Acataminophen lovols ara above 
the solld lino © 








| Therapy wi th N-acetylcysteine | 





orally or intravenously, King’s College criteria for 
acetaminophen toxicity are used for deciding referral for 
liver transplantation: (i) acidemia (serum pH <7.3) after 
adequate fluid resuscitation, (i/) coagulopathy (INR >6), 
(tii) renal dysfunction (creatinine >3.4 mg/dL), and (iv) 
grade III or IV hepatic encephalopathy. The degree of 
transaminase elevation is not involved in determining 
liver transplantation. 


MethemoglobInemia 


Methemoglobinemia is a condition where iron (within 
hemoglobin) is oxidized from ferrous (Fe?) to ferric 
(Fe**) state, resulting in inability to transport oxygen to 





the Hannes, The physalogic Jevel of MetHb is <1'% of the 
total hemoglobin concentration. MetHb is reduced 
(o hemoglobin by eytos hrome bS, nicotinamide adenine 
dinucleotide, axorble acld, yjuc cnar-t- phosphate dehydro. 
yenane (GOPI), and glutathione reduction ENZYMES, 
Methenagloblncnla occurs when the capacity Of there 
mechaniumes is overwhelmed by intake of various drugs 
and toxing that cause an oxidative ntress (.%. lidocaine, 
prilocalne, antimalarials, pyridium, sulfonamides and 
metoclopramide). Acute muethemoglobinemia may be life 
threatening when Methtb 250% of total circulating 


hemoglobin, 


Clinical and Laborulory Manifestations 


Clinical features range from asymptomatic with cyanosis 
(o pevere anoxic symptoms like lethargy, stupor and 
seizures, The patient appears cyanoud, which does not 
respond to 100% oxygen. The severity of symptoms 
depends upon blood Mets Sb levels; levels 70% result in 
vascular collapse and death. Arterial blood gas reveals 
normal PaQ, and low SpO,. Bedside tests, such as the filter 
paper test, are useful for screening; blood is chocolate- 
colored and does not turn red on exposure to oxygen. The 
diagnosis is confirmed by multiple wavelength co- 
oximetry, which also gives MetHb levels in blood. 


Treatment 


Management comprises supportive care and administra- 
tion of methylene blue, ata dose of 1-2 mg/kg 
followed by bolus of 25-30 mL normal saline. The dos 
can be repeated after 1 hr to maximum of 7 mg/kg over 
24 hours; at higher dosage, the oxidizing action of 
methylene blue exceeds the reducing action of 
leukomethylene blue. Even after resolution of symptom, 
patients should be observed for recurrences. Patients wit) 
G6PD deficiency should not receive methylene blue. Other 
therapies include ascorbic acid, hyperbaric oxygen ani 
exchange transfusions, 


ENVENOMATIONS = 


ee 
ee 


Snake Bites 


The highest burden of envenomations exists in south and 
south-east Asia and sub-Saharan Africa. India has the 
highest number (46000 annually) snake bite-related deaths 
in south Asia. More than one-quarter of these deaths occur 
in children 5-14-year-old, mostly in rural areas and during 
the monsoon season. The four most important venomous 
snakes in India are Indian cobra (Naja naja), Indian krait 


(Bungarus caeruleus), Russell viper (Daboia russelii) and 
saw-scaled viper (Echis carinatus), 


Clinical Features 


As per WHO, the diagnosis of envenomation js based on 
one or more of the following: (i) history of snake bite, (ii) 
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poe fang marks, (iii) local features such as pain 
ee : is ' © site of bite, (iv) systemic manifestations The ‘National Snakebite Protocol’ A Binal ; 
such as spontaneous bleeding or neurotoxicity, or (v) if bee bak pcre de pepeo” Was Gevelopesd ia 2006 


the dead snake is brought for identification. Systemic to optimize the management of snake bite victims and to 
manifestations of snake bite depend on the species of | (Prove outcomes. There is emphasis on the Do’s and 
snake. Don’ts of snake bite (Table 27.8), especially with regard 
. Cardiovascular toxicity is seen with cobra and viper to tourniquet application, prehospital treatment, 
bites and includes hypotension, br administration of SAV and management of adverse events 
arrhythmias and pulmonary edema. associated with its use. Principles of management are as 


¢ Hemotoxic features are seen with viper bites and oows 


include i 
in bleeding from the site of bite, spontaneous — mobilization of the bitten limb retards systemic venom 


di ’ ~ . * 
“ts ae ae one epistaxis, tears, intracranial absorption. Walking for >10 minutes is a risk factor for 
é , Kemoptysis, hematuria, and conjunc- severe envenomation. A stretcher, bicycle, cart or any 


ane ae Die Cerebral arterial thrombosis is motor vehicle should be used for transport; if none 
: available, the patient should be carried (e.g. fireman’s lift 
¢ Neurotoxic features include ptosis, external ophthalmo- —_ method) 
plegia, mydriasis, and bulbar and respiratory paralysis 
is seen with cobra and krait bites. Assessment: ABCDE approach should be used in all 
* Nephrotoxicity is a common manifestation of bitesfrom Children presenting with history of snake bite. Detailed 
vipers and sea snakes, and includes features of lower Clinical assessment and, if possible, species diagnosis 
back pain, hematuria, hemoglobinuria, myoglobinuria, Should be carried out. One should look for the clues to 


Management 


adycardia, 


oliguria and uremia. severe systemic envenoming as described above. The 
* Endocrine features may occur due to infarction of the _ bitten part is examined for edema, tenderness, pulses and 
anterior pituitary following bites of Russell viper. the compartment syndrome. Systemic examination 


includes assessment for spontaneous bleeding from the 
Laboratory Findings skin, mucosa and internal organs, and neurologic 
The diagnostic test used to confirm hemotoxic bites is the | examination for ptosis, trismus, ophthalmoplegia, pooling 
20 minutes whole blood clotting time. While the testitis | of oral secretions, and paradoxical breathing. Some 
useful to detect hemotoxic species, treatment with snake children with neurological symptoms may be un- 
anti-venom (SAV) should be based on clinical assessment. _ responsive to painful stimuli, areflexic and show fixed 
Steps for performing the whole blood clotting time areas _ dilated pupils. 





follows: : ss ee 

* Use a clean, new and dry test tube Supportive care of victims of snake bite is important and 

© Leave a few mL of venous blood undisturbed for 20 determines outcomes. Care comprises of ventilation, 
Sie es inotropes, dialysis, administration of blood products, 

¢ The test tube is tipped to see, if blood has clotted debridement as and when required, maintenance of 

* Interpretation: Absence of clotting confirms hemotoxic — S€Psis, and prevention of nosocomial infections. Patients 
envenomation (Viperine species) need to be monitored for complications such as respiratory 


Other studies such as hemoglobin, hematocrit, platelet failure, acute kidney injury, compartment syndrome, 
and leukocyte count, peripheral smear, muscle and liver __ tissue necrosis, bleeding into internal organs, refractory 
enzymes, electrolytes and venous blood gases, and = shock, secondary infections and endocrine distur- 
urinalysis are performed, if indicated. bances, 


Table 27.8: Do’s and Don’ts of snake bite 


Do’s Don'ts 

Do it RIGHT Do NOT | } 

Reassure patient (only 50% venomous snake bites Use traditional first aid measures, such as local incisions or pricks, 
actually envenomate) punctures or tattooing at the site of bite or in the bitten limb 

I Immobilize as in a fractured limb; do not block blood supply Attempt to suck the venom out of the wound 

GH Get to Hospital immediately Use (black) snake stones 


T Tell the doctor of any systemic symptoms, such as ptosis Tie tight bands (tourniquets) around bitten limb 


Give electric shock 
Apply or instill chemicals, herbs or ice packs 


es | 


Soe Vorne nel?’ 

Strabo ans-veenans (SAV TS bodaaaevennctd fy pAatdet ts Wty 
SVS Sagas GAT ot evasive lead itivatverient, 
Local feeiicanrennt fs contaidemad ectetaeiie 18) (6) ete ix 
SEVESS Lrodal swoething Bat crodsoeds a Aateet, eH ves atate 
Phan hals She Witten Tad weather 48 hotest Wty fae aliwetioe 
Of 2 Saarmgaed (EP dourigared is fy plaoes the swelling 
contirerss afer L hour of removal ae cil ley nede(a) 
BA the Grathatar area are tender and culaneadds (iy psationts 
WIh sustenic eaveromatton the clinical tavtubes and 
whore Mani coking thre should gaide SAV therapy 
Contraliniiatiots SAV adaninistration are prion bistaey 
Of severe reaction t) hoarse ot sheep serum (Tt oe anti: 
Tadies) ard Nstorv of atopic disarses, 

in Inds, polyvalent SAV raised in horses using Venn 
of $ snakes (Indian abr: Indian krait: Russell ana saws 
S2kA Viper) fs uSAl. Since the average amount ag vero 
ara by Russell viper is se ae. and ach vial of 
polyvalent anti-veram neutraliaes +0 My Viper venom, 
S10 Vials are intially given irrespective af awe. Further 
Goses gre Dasani en squential estimation of whole blood 
doting time, progression of weakness (repeat within t-2 
hours of Hirst dese; no more than 2 doses raquinad) and 
Preere of cantiovascular signs (1-2 hours of tirst dase), 
SAV ts administer, under supervision, as bolus (Lm / 
nunute) without dilution, or IV intusion (diluted in 5-0 
mL/kg isotonic fluid) over L hr. 

Adverse reactions and the number of vials of SAV used 
should be reconded. Early anaphvlactoid reactions occur 
between 1d and 180 minutes of administration and 
manifest as itching, urticaria, vomiting, diarrhea and 
tachycardia; hite-threatening anaphylaxis is rare, Some 
patients show pyrogenic reactions (shaking chills, fever 
and hypotension) that occur 1-2 hours atter infusion or 
serum sickness (fever, vomiting, diarrhea, lymphadeno- 
pathy, nephnitis, and encephalopathy) 1-12 days following 
therapy. 

At the earliest sign of a reaction, SAV administration is 
temporarily suspended. Epinephrine (0.01 mg/kg, 1 in 
1000) is given intramuscularly for early anaphylactic and 
pyrogenic reactions. Subsequently patients should receive 
treatment with an antihistamine (chlorpheniramine 
maleate, 0.2 mg/kg IV) and hydrocortisone (2 mg/kg 
body weight IV). In patients with systemic envenomation, 
therapy with SAV might require to be given for several 
days until hemostatic abnormalities persist. 





Outcome 


The mortality rates have varied between 5% and 15%. 
Among survivors, the main cause of permanent disability 
is local necrosis. Large areas of skin necrosis necessitate 
debridement and grafting whereas destruction of deep 
tissues might require amputation. Arthrodesis, chronic 
ulceration, osteomyelitis and malignant transformation 
are long-term consequences. Cerebral hypoxia from 
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cacltAHlon anil altho Tay Calde permanent 
vb derel ba Tinie pathonite Wil marked 
Wy yotenalon anne ABV OTH ALM la datnvsy Wjuiry WAY Hal 
mecover anil become Clalyale copancent) athena (tise) 
Viper bite) ay ala acne Lomarrhagie bifaredion ofthe 
pituittary: and adrenal ylanda, Riek tactora for adverag 
Outeone (eben Te Tiele ania, agen vomit, neure- 
tasted, Maly croathiine, Uiramboeytopenta, ecchy monly 
at adinluston and delayed adiililatratlon OF SAY, 


delayed tes 
WOU yahagyle 


Scorplon Sting 

Scorplon envenomation ta common tn lropleal and 
subtropleal pegtons of the world, Mant cases are reported 
trom Maharashtra, Karnataka, Tamil Nadi, West Bengal 
and Vondlehorns, OF 46 apectes to [nclla, the red 
(\lesoluthus tamulus) anil lens polaonoun black searpions 
(Palantnacus seammerdi) are liypticatedt ta mont sthigs, 
Cardiac manitestatoun domilnateetintea tl features tin india, 
while neurolagle symptom ace frequent in south Africa 
and USA. Stings are common cirhig ainmer months and 
at nights scorploas sting when roughly handled or 
trodden. The case fatality tate Ih d-22%1, 


Clinical Features 


The symptoms evolve over dO minutes to 6 hours and 
subside within a day or two. Local features Include severe 
pain and paresthesias, Systemle mantfestations Include a 
Cholinergic storm with fever, shivering, sweating, salivation, 
vomiting, priapism, bradycardia and hypotension, This 
is followed by adrenergic stinmilation, which start at4 hours 
and last for 48 hours, Features Include tachycardia, 
hypertension, myocardial dysfunction, arrhythmias, 
pulmonary edema (cardiogenic or non-card lovenic), shock 
And hypotension, Camptications include encephalopathy, 
convulsions, aphasia, hemiplegia, cerebral hemorrhage, 
DIC and respiratory failure (Table 27.9), 


Management 


Management is directed towards providing symptomatic 
relief as specific therapy (antivenom) is not available, nor 
recommended for routine use, Blood samples are taken 
for electrolytes (hyperkalemia), lipid profile (low serum 
cholesterol and triglycerides with rise in free fatty acids), 
and amylase, LDH, and transaminases (all elevated). 


Pa 


____ Table 27.9: Grading severity of scorpion stings 


Grades Clinical features 

Grade | Isolated pain 

Grade II Hypertension, sweating, vomiting, priapism, 
faver, shivering 

Grade Ill Cardlogenic shock, pulmonary edema, altered 
consclousness 

Grade |V = Tachycardia, hypotension with or without 


pulmonary edema 
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Investigations, for identifying myocardial dysfunction, 
include chest X-ray, ECG and echocardiography. 
Myocardial perfusion and neurological abnormalities may 


be identified On nuclear scintigraphy and CT scans, 
respectively. 


Local measures: The site of the sting is cleaned. Relief from 
pain allays anxiety and avoids myocardial stress. NSAIDs 
can be used for relief from severe pain. Local ice packs, 
xylocaine infiltration, dehydroemetine (counterirritant) 


and streptomycin (neuromuscular blockade) are reported 
to be useful. 


General measures include: 


i. Oxygen administration by face mask or nasal cannula 

in case of respiratory distress, or impending shock. 

ii. Frequent monitoring of vital signs, fluid balance, blood 
levels of electrolytes, pH, liver and kidney functions, 
and DIC profile. 

iii. Sedation: Diazepam is recommended (in concert with 
GABA opens ion channels, antagonizing toxin action); 
long-acting sedatives are avoided. 


Drug therapy: Various agents have been used in 
experimental animals and humans to treat systemic 
manifestations of scorpion envenomation. In our country, 
prazosin is the first-line agent because of predominant 





Clinical features of 
parasympathetic 
stimulation: Vomiting, 
profuse sweating, 
salivation, bradycardia, 
hypotension, and 
priapism 


Isolated tocal pain, 
mild local edema 
and sweating at 
sting site; no 
systemic 













ncourage oral fluids 
fluids, if intake is poor 
Monitor closely 


Severe pain Prazosin (30 g/kg); 


Lignocaine using 








repeat when necessary 
Oral paracetamol 
Avoid atropine unless 
symptomatic 
bradycardia 


ring block, 
with or without 
diazepam and 
NSAIDs 





| Scorpion Envenomation 


Features of 
sympathetic 
stimulation:Cold 


extremities, 
hypertension, 
tachycardia 





of symptoms 


Prazosin (30 g/kg); 
repeat when 
necessary 

(Table 27.10); 
Oral paracetamol, 
if needed 


cardiovascular manifestations, There is limited informa- 
tion on the efficacy and safety of scorpion antivenom in 
children. An algorithm based approach for management 
is given in Fig. 27.6. 

Patients should be hemodynamically stable and show 
normal sensorium at discharge. Additional criteria for 
discharge include no respiratory distress and being free 
of complications. 


INJURY CONTROL 


Principles that deserve emphasis in planning injury 
prevention strategies are as follows: 


i. Passive injury prevention, such as automatic locks for 
medicine cabinets, is preferred over active strategies, 
e.g. “yuck” stickers on bottles. 


ii. Specific instructions, e.g. keep water heater 
temperature lower than 120°F, are more likely to be 
followed than general advice, e.g. reduce temperature 
of hot water tap in your home. 


—_ 


iii. Reinforcement by community wide education pro- 
grams is more effective than individual education 


sessions. 


Targeted messages for prevention of injuries should be 
discussed with the parents (Table 27.10). 


Cold extremities, 
tachycardia, 
hypotension or 
hypertension, 
pulmonary edema 


Tachycardia, 
hypotension 
with or without 
pulmonary 





Positive pressure ' 
ventilation, 
Monitor closely 


| Positive pressure 
ventilation, 
Monitor closely 

















Dobutamine 
Prazosin (30 pg/kg); 
repeat when 
necessary 


Dobutamine 

(10 ug/kg/min) 
nitroglycerine 

(0.5 tg/kg/min) or 
nitroprusside 
Prazosin (30 g/kg); 
repeat when 
necessary 





















Fig. 27.6: Algorithm-based management of children with scorpion envenomation 
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Do's 


Use beds with rails for children aged <6 years 

Have safety gates at the top and bottom of the stairs, vertical 
bars on balconies 

Teach older children how to cross the road safely 

Ensure that your child's bicycle is maintained in good condition 
Teach the child how to handle tools and mechanical 
instruments safely 

Keep children far away from the stove while cooking 

Always turn off the gas after use 

into contact with it 

Always have an adequate fireguard hooked in place 

Check the temperature of milk before feeding the child 

Use electric points of the safe variety so that the child 

cannot insert a lead pencil or other object through the hole 
Keep all medicines out of reach of children 

Keep all poisons in their original containers and not in 

fruit juice/colored bottles 

Keep cleaning agents, drugs, kerosene and pesticides in 

a locked cupboard 

Keep plastic bags, scarves, ropes, cords out of reach of children 


Suggested Reading 
¢ Murphy K. Management of musculoskeletal injuries. In; Behrman, 





Kliegman, Jenson, Stanton (eds) Nelson Textbook of Pediatrics, 20" 
edn. Philadelphia, Elsevier, 2016 pp 366-74. 

World Health Organization. Children and poisoning. http:// 
www.who.int/violence_injury_prevention/child/injury/ 
world_report/Poisoning_english.pdf. 

World Health Organization. World report on childhood injury 
prevention. http://apps.who.int/iris/bitstream/10665/43851 /1/ 
9789241563574_eng.pdF. 





Table 27.10: Do's and Don'ts of injury prevention | 


Essential Pediatrics 
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Don'ts 


Leave asmaill child alone in the house even fora few minutes 
Allow children to play on the stairs | 

Keep the door open when the child is at home 

Allow young children to cross the streets alone 

Allow doubling on the bicycle 

Leave any sharp objects near the vicinity of the child 
Leave hot utensils or pans in the kitchen; electric iron 
switched on 

Allow him/her to ignite fireworks only under supervision 
Drink, or pass hot tea or coffee while holding the infant 
Keep electric equipment plugged on when not in use 
Allow children to run about with food in the mouth or to play 
while eating 

Give nuts and seeds to infants 

Leave medicines in the child’s bedroom 

Take medicines in front of your child 

Leave young children unattended in bath tubs or near 
swimming pools/ponds/beaches 

Leave cupboards, wardrobes, refrigerators unlocked 

Let the child play with gas tap ° 


CDC. National action plan for child injury prevention. https:// 
www.cdc.gov/safechild/pdf/national_action_ 
plan_for_child_injury_prevention-a.pdf. 

Katz A, Kluger Y. Caustic material ingestion injuries-Paradigm shift 


in diagnosis and treatment. Health Care Current Reviews 2015: 
a:152. 


Kajala P, Jhavar L, Singh S, et al. Demographic and clinical profile 
of children presenting with acute poisoning in a tertiary care 
hospital. IJEP 2011; 3: 55-9. 
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Pediatric Critical Care 


Care for critically ill children has an important role in 
improving child survival. In tertiary care hospitals, 5- 10% 
of pediatric beds are reserved for intensive care; higher 
numbers are required, if the hospital has surgical units. 
In order to optimize resource utilization in resource 
limited settings, it is useful to understand the indications 
of admission to PICU (Table 28.1). 

The optimal number of beds ina PICU is 6-10. Attention 
is given to the layout, ensuring 200-250 square feet area 
per bed, with rapid access to head end for airway 
management. The unit should have uninterrupted power 
supply and preferably be air-conditioned. A crash cart 
having necessary drugs and resuscitation equipment 
should be available. The unit should have a central 
monitoring station and space for utilities and storage. 
Equipment required are cardiorespiratory and ECG 
monitors, oximeters, devices for oxygen therapy, 
mechanical ventilators, nebulizers, infusion pumps, 
weighing scales and enough disposables. The ICU should 
have access to laboratory facilities, including blood counts, 
glucose and electrolytes, and blood gases that require 


‘Table 28.1: Indications for admission to the pediatric intensive | 
care unit 
* Hemodynamic instability or shock requiring inotropic support, 
e.g. cardiac arrhythmias, cardiorespiratory arrest, severe 
anemia or hemorrhage 

Respiratory distress requiring oxygen therapy and/or 
impending or established respiratory failure requiring 
mechanical ventilation 

* Altered sensorium due to any cause, including encephalo- 
pathy, status epilepticus, raised intracranial pressure 

Acute hepatic or renal failure and complications 

Severe metabolic abnormalities, e.g. dyskalemia, dys- 
natremia, hypoglycemia, diabetic ketoacidosis; acute 
poisoning 

Severe infections, e.g. severe malaria, severe pneumonia 
© Procedures: Peritoneal dialysis, exchange transfusion, 
central venous cannulation 

Postoperative monitoring 
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small sample volumes. Portable X-ray and ultrasono- 
graphy units are desirable. In addition to the primary 
disorder, it is necessary to ensure nutrition, sedation and 
effective analgesia and infection control. Communications 
with the parents is necessary to keep them informed about 
the condition of their child, and ensure their trust and 
cooperation. 


Suggested Reading 


¢ Slusher TM, Kiragu AW, Day LT, Bjorklund AR, Shirk A, Johannsen 
C, Hagen SA. Pediatric critical care in resource-limited settings: 
Overview and lessons learned. Front Pediatr 2018;6:49. 


ASSESSMENT OF A SERIOUSLY ILL CHILD 


A sick child who is non-responsive to verbal and physical 
stimuli should be immediately checked for breathing 
efforts (gasping, apneic) and central pulses (present, 
absent). If the child has abnormal respiration (gasping 
or not breathing) or has absent central pulses, then child 
should receive CPR (cardiopulmonary resuscitation) 
immediately. 
Further assessment comprises of the ABCDE approach. 
A stands for ‘airway assessment’ and should categorize 
the airway as ‘clear’, ‘maintainable’ and ‘not maintainable’. 
B stands for ‘breathing assessment’ and includes 
respiratory rate and effort, abnormal sounds on 
auscultation and pulse oximetry. C stands for ‘circulation 
assessment’ including skin color and temperature, heart 
rate and rhythm, blood pressure, central and peripheral 
pulses, capillary refill time and assessment of end organ 
perfusion by mental status (brain perfusion), and urine 
output (renal perfusion). D stands for ‘disability’ that 
establishes the level of consciousness by AVPU pediatric 
response scale or Glasgow Coma Scale and pupillary 
response to light. E stands for ‘exposure’ where body parts 
are exposed to look for skin rashes or wounds. Features 
predictive of a serious illness, particularly in young infants 
are listed in Table 28.2. The history should focus on the 
underlying illness. Common investigations include blood 
counts, glucose, electrolytes and arterial blood gases. 








Table 28.2: Common danger signs 


Seizure activity 

Excessive, inconsolable cry 
Decreased activity or drowsiness 
Increased work of breathing 
Abnormal sound on breathing 
Apneic episodes or cyanosis 


Cold extremities (particularly in absence of cold environment) 
Decrease in the urine output 
Decreased feeding, bilious vomiting 


Monitoring 
Respiratory 


The patient should be observed for respiratory rate and 
pattern, nasal flaring, use of accessory muscles and color 
(Table 28.3). Examination is done for symmetry of air 
entry, breath sounds and presence of stridor, rhonchi and 
crepitations. Respiratory rate is monitored continuously 
by impedance pneumography. Pulse oximetry allows non- 
invasive measurement of oxygen saturation. While 
reliable, some conditions lead to inaccuracies, e.g. 
dyshemoglobinemia (methemoglobin, carbon monoxide 
poisoning), dyes and pigments (methylene blue), poor 
peripheral perfusion, increased venous pulsations and 
interference with external light (phototherapy unit, 
fluorescent light), Chest radiography and arterial blood 
gas analyses are performed periodically. 


Hemodynamic 


Hemodynamic monitoring provides information about 
circulatory status and perfusion of vital organs. The rate 
and character of pulse should be examined. Blood pressure 
can be monitored manually or by oscillometry. The state 
of microcirculation is assessed by capillary refilling time. 
Pressure is applied with the index finger or ball of thumb 


‘Table 28.3: Respiratory rates (RR) and heart rates (HR) at 
different ages 


HR, beats/min 


Age, years AR, breaths/min 

1 30 (22-38) 120 (80-160) 
2 25 (17-33) 110 (80-130) 
4 23 (17-27) 100 (80—120) 
6 21 (15-26) 100 (75-115) 
8 20 (15-26) 90 (70—110) 
10 18 (15-25) 90 (70-110) 
12 18 (14-26) 85 (65-105) 
14 17 (15-23) 80 (60—100) 
16 17 (12-22) 75 (55-95) 
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over sternum or forehead for 5 seconds to cause blanching, 
The normal capillary refill time is 3 seconds or lower; 
prolongation signifies impairment of microcirculation, 
Another way of determining adequacy of peripheral 
perfusion is noting the core-peripheral temperature 
gradient; gradient >5°C indicates hypoperfusion, 

Continuous ECG monitoring is necessary in children 
admitted to the PICU. Central venous pressure (CVP) is 
monitored by placing a catheter through a large vein into 
the right atrium; the pressure informs about venous return 
and preload. Normal right atrial pressure 1s less than 
6 mm Hg. Low CVP ina child with hypotension signifies 
low intravascular fluid volume. CVP may be increased 
due to myocardial dysfunction, fluid overload or increased 
pulmonary artery pressures. Renal perfusion is assessed 
by monitoring urine output; output <0.5 mL/ kg/hr ina 
child with normal kidneys signifies poor perfusion. 
Monitoring of the sensorium and neurologic status also 
gives information about brain perfusion. 


Suggested Reading 


* Bronicki RA, Spenceley NC. Hemodynamic monitoring. In: Nichols 
DG, Shaffner DH, eds. Roger’s Textbook of Pediatric Intensive Care, 
5th edn. Lippincott Williams and Wilkins 2016: pp 1120-36. 


* Cheifetz IM, Lee JH, Venkataraman ST. Respiratory monitoring. 
In: Nichols DG, Shaffner DH, eds. Roger’s Textbook of Pediatric 


Intensive Care, 5th edn. Lippincott Williams and Wilkins 216: 
pp 686-709. 


PEDIATRIC BASIC AND ADVANCED LIFE SUPPORT 


Cardiopulmonary arrest in children is much less comm )n 
than adults and usually represents the terminal even! of 
progressive shock or respiratory failure rather tha. a 
primary cardiac cause. The major causes in infants «nd 
children are respiratory failure, sudden infant de th 
syndrome, sepsis, neurologic diseases, submersio:. oF 
drowning and injuries. In contrast to adults, sudiin 
cardiac arrest in children is uncommon. Basic | fe 
support (BLS) refers to a protocol of procedures perform 2d 
in cases of cardiopulmonary arrest to provile 
cardiopulmonary resuscitation (CPR) with or witheut 
devices and bag-mask ventilation till advanced } fe 
support (ALS) can be provided. The major objectives of 
CPR are to preserve organ viability during cardiac arrest 
and to help return spontaneous circulation. 


Basic Life Support 


To maximize survival and intact neurolo 
post-resuscitation stage, early recognition 
and strict adherence to the BLS se 
includes a series of skills performed sequentially to assess 
and restore effective ventilation and circulation to the child 
with respiratory or cardiorespiratory arrest. Evaluation 
and interventions in pediatric BLS are performed 
simultaneously, in the following sequence: (i) assessment, 
(ii) circulation, (iii) airway ang (iv) breathing. The 


gical status in 
of cardiac arrest 
quence is necessary. BLS 
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sqguerne Circulation—Airway-Breathing (C-A-B) has 
beer recorrumerntded in 2015 upedate of Pediatric Basic Life 
Suppert te maintain uniformity in CPR algorithm across 
BU aes 


SsSewTert 


Initial assessment is done to confirm cardiac arrest so that 
RASSVINE Measures can be begun promptly to enable 
intact neurologic survival, The combination of un- 
resporstveness and absent or abnormal breathing most 
accurately identities cardiac arrest. Palpation of the pulse 
for tts absence is unreliable as the sole determinant of 
cardiac arrest. [f the victim is unresponsive, not b reathing 
normally, and there are no signs of life, lay rescuers should 
begin CPR: in such a setting, health care providers should 
begin CPR unless they definitely palpate a pulse within 
10 seconds, 


Circuranan 

CPR should begin with chest compression. Chest 
compressions are serial rhythmic compressions of the 
chest that allow blood flow to vital organs (heart, lungs 
and brain) in an attempt to keep them viable until ALS 
(advanced life support) is available. The victim should be 
aid supine on a hard and flat surface. Adequate chest 
compression is given by pushing hard, to a depth of at 
least one-third of anteroposterior dimension or 
approximately 142 inches (4 cm) in infants and 2 inches 
(5 cm) in children. The rate should be 100-120 
compressions per minute, allowing full chest recoil and 
minimizing interruptions in chest compressions. 
Compression of the xiphoid process should be avoided. 


Chest compression in infants (<1 year) 

Two-thumb technique: The infant's chest is encircled with 
both hands; fingers are spread around the thorax and the 
thumbs brought together over the lower half of the 
sternum, avoiding the xiphisternum. The sternum is 
compressed with the thumbs and the thorax with the 
fingers for counterpressure. The two-thumb-encircling 
hands technique is preferred because it produces higher 
coronary artery perfusion pressure, consistently 
appropriate depth and force of compression, and may 
generate higher systolic and diastolic pressures. While one 
provider should provide chest compressions, the other 
maintains the airway and provides ventilation at a ratio 
of 15:2 with as short a pause in compressions as possible. 
If the rescuer is unable to deliver breathes, the rescuer 
may continue with chest compressions only; however, one 
must remember that majority of pediatric cardiac arrests 
are secondary to hypoxia. 


Two-finger technique: If the rescuer is alone or unable to 
physically encircle the chest, the chest is compressed with 
two fingers, placing them vertically over the sternum just 
below the intermammary line (between the two nipples) 
ensuring that they are away from xiphoid process. One 


can use one hand to support the infant’s body and head 
and the ather hand to perform chest compression. 


Chest compression technique in the child (1-8 years age) 
Fig, 28,1 indicates how the heel of one hand should be 
placed over lower halfof sternum, avoiding pressure over 
xiphold, and with fingers lifted above the chest wall to 
prevent compression of rib cage, Rescuer should position 
him/herself vertically above the victim’s chest. 


Large children and >8 years of age: The two-hand method 
for chest compression should be used to achieve an 
adequate depth of compression, This is achieved by 
placing the heel of one hand over the lower half of sternum 
and the heel of the other hand over the first hand, 
interlocking the fingers of both hands, with fingers lifted 
above the chest wall. External chest compression in 
children and infants should always be accompanied by 
rescue breathing. Ventilation is relatively less important 
during the first minute of CPR for victims of arrhythmia- 
induced cardiac arrest than it is after asphyxia-induced 
arrest. The lay rescuers should use a 30:2 compression- 
ventilation ratio for all (infant, child and adult) victims. 
For one healthcare provider, the compression-ventilation 
ratio should be 30:2 for all age groups and for two rescuers, 
the compression-ventilation ratio should be 30:2 in adults 
and 15:2 in infants, children and adolescents. Once an 
advanced airway (tracheal tube) is placed, chest 
compressions should not be interrupted for ventilation. 
The victim should be reassessed after two minutes. If 
signs of spontaneous circulation have reappeared, chest 
compression should be discontinued and only ventilation 
continued till return of spontaneous breathing. 


Airway 


Infants and children are at increased risk of respiratory 
obstruction and failure compared to adults, for the 
following reasons: Smaller upper airway in comparison 
to adults; large tongue in relation to oropharynx; smaller 
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Fig. 28.1: Chest compression in a child (1-8-year-old) 
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and compliant subglottic area more prone for collapse 
and/or obstruction; relatively compliant chest wall ane 
rib cage; and limited oxygen reserve, 


Position of the victim: If the child is unresponsive but 
breathing or signs of life are present, he should be placed 
on a hard surface in supine position, If head or neck 
trauma is suspected, head and torso should be moved as 
a unit and the neck immobilized, 


Open the airway: The tongue is lifted away from the 
posterior pharynx to keep the airway patent. 

i, Head tilt chin lift maneuver (Pig, 28.2); If the victim ts 
found unresponsive and has signs of life, the alrway 
is opened by tilting the head back and lifting the chin, 
One hand is placed over the forehead and head Is 
gently tilted back, Simultaneously, the fingers of the 
other hand are placed on the Jower jaw to lift the ehin 
to open the airway, This maneuver should not be used, 
if there is suspicion of trauma to head and/or neck, 

ii. Jaw thrust (Fig. 28.3); Two or three fingers are placed 
under each side of lower jaw at its angle to lift the Jaw 





Fig. 28.2: Head tllf chin Iiff maneuver 








Fig. 28.3; Opening the alrway with Jaw thrust 
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Forelyn body airway abet fio: The mouth bs (pened 
and examined for precede we of ferrerdyen henhy, wh hi iS 
removed, If visible; byhinwed vsdeerprinigs 1% Meat recomninetioed, 
Ifthe victim isan infant vlads respanisive and hias feratusres 
of airway obstruction, hack slap and Hest thirtst are 
performed tll the foreign body cEnies GUE OT HAND Hhsee isvfanit 
becomes UNrespaunslye, if hue viethen ds ane Older child of 
adolescent, an abdominal thrust is given by standing 
behind the viction ti) the foreign body is expelled out or 
tI the patlent becomes unresponsive (C hapter 213), UE thie 
vielim becomenr WATS pone ve, cardiopulmonary 
resuecitation should be begun with an additional 
maneuver of checking the airway for the foredyn body after 
giving the chent compression and before breaths are yiven, 
Trained healthcare provider should perform a tonyuejav 
lift to look for obstructing, objects, 


Breathing 


After opening the airway, one should check for breathing. 
Periodic gasping, also called ayonal gaopo, is not breathing. 
If there is effective spontancoun breathing without evi- 
dence of trauma, the child is turned to recovery position, 
which helps maintain a patent airway and preven. 
aspiration, 


Bag and mask ventilation (BMV): BMV remains the 
preferred technique for emergency ventilation during 
initial steps of resuscitation, In infants and children for 
whom BMV is unsuccessful, a laryngeal mask airway 
placed by appropriately trained providers may be 
considered for airway or support ventilation. Self-inflatinz 
bags are usually adequate in children. Flow inflating bay:s 
need oxygen flow and are used in hospitals, For term 
neonates, infants and children <8 years of age, ventilation 
bags of volume 450-500 mi. should be used to deliver 
adequate amount of tidal volume. Neonatal size bags 
(250 mL) may be used in preterm neonates. An adequate 
amount of tidal volume should be used to cause visible 
chest rise. Excessive expansion may compromise cardiac 
output, increasing the chances of regurgitation and air 
leak. In patients with head injury or cardiac arrest, 
excessive ventilation may adversely affect neurological 
outcome. 


The self-inflating bag delivers room air unless it is 
connected to an oxygen source. Pediatric bag- 
without a reservoir, if connected to an oxygen inflow of 
10 L/min, delivers 30-80% of oxygen to the patient. If used 
with a reservoir, it may deliver 69-95%, of oxygen, with 


eet L pages *S L/min to provide adequate oxygen 
supply to the reservoir. 


valve device, 
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Pediatric Advanced Life Support (PALS) 


PALS refers to the assessment and support of pulmonary 
and circulatory function in the periods before, during and 
after an arrest. PALS targets the prevention of causes of 
arrest and early detection and treatment of cardio- 
pulmonary compromise and arrest in critically ill or 
injured children. 


Components of PALS are: (i) Basic life support; (ii) use of 
equipment and techniques to establish and maintain effec- 
tive oxygenation, ventilation and perfusion; (iii) clinical 
and ECG monitoring with arrhythmia detection and 
management; (iv) establishing and maintaining vascular 
access; (v) identification and treatment of reversible causes 
of cardiopulmonary arrest; (vi) emergency treatment 
of patients with cardiac and respiratory arrest; and 
(vii) treating patients with trauma, shock, respiratory 
failure or other pre-arrest conditions. 


Adjuncts for Airway and Ventilation 


Oxygen should be given to all seriously ill or injured 
children with respiratory insufficiency, shock and trauma. 
During mouth-to-mouth rescue breathings, only 16-17% 
oxygen is delivered, with alveolar oxygen pressure of 
80 mm Hg, and optimal external chest compressions 
provide only a fraction of the cardiac output, resulting in 
reduced tissue perfusion and oxygen delivery. Ventilation- 
perfusion mismatch during CPR and underlying 
respiratory disorders causes right-to-left shunting that 
reduces oxygenation. 


Endotracheoal Intubation 


If used properly, this is the most effective and reliable 
method of ventilation. The advantages of endotracheal 
intubation are: (i) it ensures adequate ventilation; (ii) reduced 
risk of aspiration of gastric contents; (iii) inspiratory time 
and peak inspiratory pressure can be controlled; (iv) suction 
can be done to keep airway patent; and (v) positive end- 
expiratory pressure can be provided, However, a skilled 
person is required for intubation. Hence, it is recommended 
that bag and mask ventilation should be continued in 
children who require ventilatory support in the out-of- 
hospital setting, when transport time is short or when an 
expert is not available for intubation. Indications for 
endotracheal intubation are listed in Table 28.4. 
Table 28.4: Indications for endotracheal intubation | | 
Excessive work of breathing leading to fatigue 
Inadequate neurologic control of ventilation, and poor respiratory 
effort 
Functional or anatomical airway obstruction 
Need for high peak inspiratory pressure or positive end 
expiratory pressure 
Lack of protective airway reflexes 
For prolonged duration cardiopulmonary resuscitation 








“Table 28.5: Size of ET tube and suction catheter in infants _ 


Age; weight Tracheal tube Suction catheter 
mm Fr 

Premature newborn; <1 kg 2.5 5 

Premature newborn; 1-2 kg 3.0 5-6 

Newborn; 2-3 kg 3.0-3.5 6-8 

Newborn; >3 kg 3,5-4.0 8 

Infant 3.5-4.0 8 


An appropriate sized endotracheal tube is used 
(Table 28.5). Beyond 1 year, the size of the tube is: 

(Age in year) 
+ 

Tubes 0.5 mm smaller and 0.5 mm larger than the 
estimated size should be available for use. The size of 
suction catheter is usually twice the internal diameter of 
the tracheal tube in mm, e.g. 8 Fr suction catheter for 
tracheal tube of size 4 mm. Cuffed tubes are preferred in 
patients with poor lung compliance, high airway 
resistance and large glottic air leak. 

The depth of insertion of the tube is approximately three 
times its inner diameter. In neonates, the endotracheal tube 
is inserted to a depth of: 

Depth of insertion (cm) = birth weight (kg) + 6 

In children >2-year-old, the depth of insertion of the 
endotracheal tube is: 


Tracheal tube size (in mm) = +4 


(Age in years) 
2 

Tube placement is confirmed by looking for 
symmetrical chest rise and auscultating for air entry on 
both sides. Auscultation over upper abdomen is required 
to rule out esophageal intubation. Other markers of proper 
tube placement are improving heart rate, color, perfusion 
and oxygen saturation. The position of the tube should be 
confirmed on chest radiograph. 


Depth of insertion (cm) = +12 


Vascular Access 


During CPR, the preferred access is the largest easily 
accessible vein, cannulating which does not require 
interruption of resuscitation. Central venous lines provide 
secure access, rapid action, higher peak drug levels, and 
permit administration of drugs that might injure 
peripheral veins (vasopressors, calcium gluconate, 
hypertonic solutions like sodium bicarbonate), Femoral 
vein is the safest and easiest to access (Chapter 29). Agents 
with short half-life such as vasopressors, adrenaline and 
adenosine act better, if given through central venous 
access. Catheter lengths of 5 cm in infant, 8 cm ina young 
child and 12 cm in an older child are usually suitable. 
Intraosseous access should be tried in patients, if the 
central or peripheral venous assess is not achieved. The 
usual site for intraosseous access is upper end of tibia 
medial to tibial tuberosity (Chapter 29). Other sites include 
the distal end of femur, lower end of tibia above medial 
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malleolus and anterior superior iliac spine. Drugs like 
adrenaline, adenosine, and vasopressors can be transfused 
by this route. Samples for chemical analysis, blood 
grouping and crossmatching may be taken from these 
sites. 

Tracheal route is not a preferred route of administration 
of medications even in emergencies. If intravenous or 
intraosseus access is not established, the tracheal route 
may be used for lipid-soluble agents like lidocaine, 
epinephrine, atropine and naloxone. 


Post-arrest Core 


Fever is common after cardiac arrest and should be 
controlled aggressively. After return of spontaneous 
circulation, hypoxia or hyperoxia should be avoided and 
oxygen saturation should be maintained between 94 and 
100%. Continuous arterial pressure monitoring is done to 
maintain blood pressure above the 5th centile. Table 28.6 
shows doses for commonly used drugs during resuscitation. 


Fluld Therapy 


Early restoration of the circulating blood volume is 
important to prevent progression to refractory shock or 
cardiac arrest. An initial fluid bolus of 20 mL/kg is 
recommended in shock, and after each bolus, the patient 
is reassessed. Volume expansion is best achieved with 
isotonic crystalloid fluids, such as Ringer lactate or normal 
saline. Blood replacement is indicated in patients with 
severe hemorrhagic shock who remain in shock despite 
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infusing 40-60 mL/kg of crystalloids. Dextrose solutions 
should not be used for initial resuscitation as they do not 
expand the intravascular volume effectively and may 
cause hyperglycemia, leading to osmotic diuresis and a 
vicious cycle of polyuria and hypovolemia. Hypo- 
glycemia, if suspected or documented, should be managed 
rapidly with intravenous glucose and measures to prevent 
recurrence. 


Arrhythmias 


Most pediatric arrhythmias are the consequence of 
hypoxemia, acidosis or hypotension. Children with 
myocarditis, cardiomyopathy or following cardiac surgery 
are also at risk of arrhythmia. Drugs in therapeutic or toxic 
doses can cause arrhythmia. About 10% of pediatric 
cardiac arrest patients have ventricular fibrillation (VF) 
or pulseless ventricular tachycardia (VT). 


Bradyarrhythmia: Hypoxemia, hypothermia, acidosis, 
hypotension and hypoglycemia depress sinus node 
function and slow conduction through the myocardium. 
Excessive vagal stimulation, raised intracranial pressure 
or brainstem compression may cause bradycardia. Sinus 
bradycardia, sinus node arrest with junctional or 
idioventricular rhythm and AV blocks are usually 
preterminal rhythms. All slow rhythms resulting in 
hemodynamic instability require immediate treatment. 
Epinephrine is the most useful drug in treating 
symptomatic bradycardia, unless due to heart block or 
vagal overtone. For bradycardia due to vagal overtone, 


Table 28.6: Drugs used during cardiopulmonary resuscitation 


Remarks 


IV/AO; 0.01 mg/kg (1:10,000; 0.1 mL/kg) Tachyarrhythmia and hypertension rr */ 


occur 


Tachycardia, pupil dilatation may occ.” 


Monitor heart rate; flush line with sali 12 
before and after infusing calcium 
gluconate; avoid extravasation 


Avoid hyperglycemia 


Use once ventilation is adequate; 
dilute 1:1 with 5% dextrose 


Monitor ECG during dose; give through 
vein close to heart 


Monitor ECG during dose 
Monitor ECG during dose 


Repeated doses may be required 


Drug Indications Dosage 
Epinephrine Symptomatic bradycardia, 
pulseless arrest ET: 0.1 mg/kg (1:1000 flush with 1-2 mL 
of saline); repeat 3-5 minutes, if required 
Atropine Bradyarrhythmias 0.02 mg/kg 
Calcium Hypocalcemia, 1 mL/kg IV or IO (slow push) 
gluconate hypermagnesemia, 
(10%, 9 mg/mL hyperkalemia 
calcium) 
Glucose Suspected, documented 0.5-1 g/kg 
hypoglycemia 
Sodium Severe metabolic acidosis, 1 mEq/ kg IV/IO slowly 
bicarbonate hyperkalemia 
Adenosine Supraventricular tachycardia 0.1 mg/kg; repeat dose 0.2 mg/kg; 
rapid bolus IV/O 
Amiodarone Pulseless VF or VT 5 mg/kg IV/lO 
Lidocaine VF or VT 1 mg/kg IV/IO; follow by infusion 
at 20—50 yg/kg/min 
Naloxone Opioid intoxication 0.1 mg/kg IV/O/ET 
Magnesium Torsades, suspected 25-50 mg/kg rapid push for first 
sulfate hypomagnesemia, two indications; infusion over 30 min 


severe asthma for asthma 


Watch for respiratory depression and 
hypotension 


ET: Endotracheal; 10: Intraosseous; IV: Intravenous; VF: Ventricular fibrillation; VT: Ventricular tachycardia 
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atropine is the drug of choice. If no positive or transient 
effect is observed after ventilation and oxygenation, 
continuous infusion of epinephrine or dopamine should 
be considered. 


Pulseless electrical activity: Itis a state of electrical activity 
observed on a monitor or ECG in absence of detectable 
cardiac activity. This is often a preterminal state preceding 
asystole, representing the electrical activity of a hypoxic 
and acidotic myocardium. Occasionally, pulseless 
electrical activity may be due to sudden impairment of 
cardiac output with normal ECG rhythm, with heart rate 
increased or rapidly decreasing. Pulses or other evidence 
of cardiac output are absent and child appears lifeless. 
This state is called electromechanical dissociation. 
Reversible causes of electromechanical dissociation are 
best remembered as 4Hs and 4Ts. The 4Hs are severe 
hypovolemia, hypoxia, hypothermia and hyperkalemia 
and other metabolic imbalances, while the 4Ts are tension 
pneumothorax, toxins and drugs, pericardial tamponade, 
and pulmonary thromboembolism. Treatment of pulseless 
electrical activity and electromechanical dissociation is the 
same as treatment of asystole; reversible causes should 
be identified and treated appropriately. 


Defibrillation: Defibrillation is the asynchronous 
depolarization of a critical mass of myocardium in order 
to terminate VF or pulseless VT. It is successful in cases of 
sudden onset VF having oxygenated normothermic 
myocardium without significant acidosis. Larger size 
defibrillator paddles, 8 to 10 cm in diameter, are 
recommended in children weighing more than 10 kg to 
maximize current flow. Smaller paddles are used in 
infants. One paddle is placed over the right side of the 
upper chest and the other over the apex of the heart. 
Alternatively, electrodes are placed in anterior-posterior 
position with one placed to the left of the sternum and the 
other one over the back. 

The optimal electrical energy dose to defibrillate is not 
established in children. Available data suggest an initial 
dose of 2J/kg, second dose of 4J/kg and subsequent doses 
of >4]/kg, toa maximum of 10J/kg (adult dose). Children 
>8-year-old or those weighing >50 kg should receive adult 
doses of defibrillation. Single shock strategy followed by 
immediate CPR (beginning with chest compressions) is 
recommended for children with out-of-hospital or in- 
hospital VF/pulseless VT. After 5 cycles or 2 minutes of 
CPR, the rhythm is checked to look for reversion to sinus 
thythm. If the rhythm is still VF or pulseless VF, another 
shock is given, followed by chest compressions, a dose of 
epinephrine and establishing an advanced airway, 
provided it does not interrupt the CPR. If after 2 minutes 
or 5 cycles of CPR, VF or pulseless VF persists, another 
shock may be given followed by chest compressions and 
administration of amiodarone or lidocaine. Sumultaneous 
correction of hypoxia, acidosis and hypothermia is 
necessary to improve the outcome of defibrillation. 





Suggested Reading 


* 2015 American Heart Associatlon Guidelines Update for 
Cardiopulmonary Resuscitation and Emergency Cardiovascular 
Care: Part 11: Pediatric Basic Life Support and Cardlopulmonary 
Resuscitation, Circulation 2015; 142: SS[9-25, 

¢ 2015 American Heart Association Guldelines Update for 
Cardiopulmonary Resuscitation and Emergency Cardlovascular 
Care: Part 12: Pediatric Advanced Life Support, Clrculatlon 2015; 
132: S526—-42. 
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SHOCK a 


This is an acute syndrome that occurs because of cardio- 
vascular dysfunction and inability of circulatory system 
to provide adequate oxygen and nutrients lo mect the 
metabolic needs of vital organs. Shock, however, is a 
clinical diagnosis that can exist without hypotension. The 
chief types of shock are listed in Table 28.7. 


Blood Pressure Regulation 


A host of neural and humoral reflexes maintain perfusion 
to vital vascular beds. Neural sympathetic reflexes act via 
the vasomotor center and include: (i) baroreceptors in the 
carotid body and aortic arch; (ii) volume receptors in right 
atrium and pulmonary bed; (iii) chemoreceptors in aortic 
and carotid body; and (iv) cerebral ischemic response. 
Humoral responses are mediated by: (i) adrenal medulla 
through catecholamines; (ii) hypothalamus and pituitary 
through ACTH and vasopressin; and (iii) renin— 
angiotensin—aldosterone system. 


Baroreceptors: Reduction in mean arterial or pulse 
pressure results in decreased stimulation of carotid sinus 
and aortic arch baroreceptors, and vasoconstriction 
through inhibition of the vasomotor center. Vaso- 
constriction is severe in skeletal muscles, splanchnic and 
cutaneous vascular beds, while flow is preserved in 
cerebral, coronary and retinal circulation. 


Chemoreceptors: Hypotension and reduced perfusion 
cause local tissue hypoxia and acidosis, activating 
chemoreceptors that stimulate respiration, induce vaso- 
constriction and enhance cardiac function. 


Table 28.7: Types of shock 


Type of shock Clinical syndromes 


Hemorrhage 

Dehydration due to diarrhea, vomiting, 
Starvation, polyuria, burns, heat stroke 
Congenital heart disease, cardiomyopathy, 
cardiac arrhythmias, tamponade, anoxia 
Anaphylaxis 

Neurogenic 

Drug toxicity 

Burns 

Toxic shock syndrome 


Septic shock" Bacterial, viral, fungal 
*This has components of distributive, cardiogenic and hypovolemic shock 


Hypovolemic 


Cardiogenic 


Distributive 
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ock arises from loss of preload. Clues that 
lemic shock are (i) fluid losses due to 
blood loss, profuse and prolonged 


Humoral receptors: Hypotension-induced release of Hypovolemic sh 
epinephrine and norepinephrine from adrenal medulla — suggest hypovo 


and systemic adrenergic nerve endings lead to vaso- — diarrhea, vomiting, Si nahorent these, OF Uired 

constriction and inotropic and chronotropic effects. — sweating, polyuria oracom ination : i sone uced 
Release of vasopressin from neurohypophysis causes intake due to vomiting, poor ati or Ne Spe 
vasoconstriction and stimulates free water reabsorption — Physical examination shows dry muco ranes, 


in the distal nephron. absence of tears, tees Te at, sep el tae 
Renin-angiotensin-aldosterone system: Reduced renal Fert en cox ind aiealioibie Nidaked ik: Be 
perfusion results in release of renin from the juxta- me ah coding silhouette on-chest X-ray. 

glomerular apparatus, that helps convert angiotensinogen = NG Smal cals | . 
to angiotensin I and angiotensin II, Angiotensin II is a Cardiogenic shock results from loss of cardiac contractility, 


potent vasoconstrictor and stimulates release of aldo- — Cjyes are history of congenital heart disease, recent cardiac 
sterone, enhancing sodium reabsorption. surgery or diseases associated wi th cardiac disorders (e.g. 

Duchenne muscular dystrophy), presence of a murmur, 
Diagnosis of Shock S3, gallop or friction rub, elevated JVP and hepatomegaly, 


An early diagnosis of shock or impending shock and its | CVP is elevated and chest X-ray may show a large cardiac 
appropriate management improve outcomes. Early __ silhouette and pulmonary edema. 
diagnosis of shock requires a high degree of suspicion and 
knowledge of predisposing conditions. Children who are 
febrile, have an identifiable source of infection or are 
hypovolemic due to any cause are at increased risk. Signs 
of early shock include tachycardia, mild tachypnea, 
prolonged capillary refill (>2-3 seconds), orthostatic change 
in blood pressure or pulse, and mild irritability. Decreased Septic shock has components of all aforementioned types: 
tissue perfusion is identified by change inbody temperature —__ Logg of preload, loss of afterload or systemic vascular 
(cold extremities) and decreased capillary refill. Vitalorgan _ resistance, and loss of contractility. Apart from fever and 
hypoperfusion is assumed in presence of oliguria or altered tachycardia, there may be features of decreased perfusion 
mentation. Narrowing of pulse pressure is an early finding —_in form of altered sensorium, prolonged capillary refill 
due to reduced systolic and mild increase indiastolicblood 59 seconds (cold shock) or flush capillary refill (warm 
pressures. Patients with early septic shock show increased —_ shock), diminished or bounding pulses, and/or decreased 
peripheral pulses, warm and over perfused extremities, —_yrine output. Hypotension is a late feature. A focus of 
wide pulse pressure and hyperdynamic precordium. infection should be looked for. 

If shock continues, the compensatory mechanisms are 
insufficient to maintain the metabolic needs of tissues. | Monitoring 
Cellular ischemia and inflammation affect brain, kidney Monitoring of patients who are in shock or impending 
and cardiac microcirculation. Tachypnea duetometabolic — shock is necessary. Parameters to be monitored are Si Ise 
acidosis leads to respiratory alkalosis. Skinshows features rate and volume, respiratory rate and pattern famiierd= 
of reduced capillary refill and mottling. Hypotension, ture, skin color, blood pressure, s a ssetrte aul uit 
oliguria and hypothermia set in. Mental changes include —_ ECG and pulse oximetry. Metabolic EE IES 5 aide 
agitation, confusion, stupor and finally coma (Table 28.8). — blood glucose, electrolytes and arteri f eases. 


Distributive shock results from loss of afterload or 
systemic vascular resistance. Clues on history include 
recent allergies or spinal cord injury. Examination shows 
bounding pulses, well-perfused skin and low blood 
pressure requiring large volume of fluid. 





Classification Therapy 
Recognition and treatment of shock depends upon the Therapy depends on the type of shock. In hypovolemic 
etiology of shock. shock, replacement of intravascular volume by isotonic 


Table 28.8: Stages of shock TF 


Clinical parameter Compensated Uncompensated Irreversible 

Mental status Agitation or confusion Drowsiness Unresponsive 

Heart rate Tachycardia Marked tachycardia Bradycardia 

Respiration Normal or mild tachypnea Tachypnea Apnea 

Skin and capillary refill time Increased capillary refill time Very slow capillary return Cold and cyanotic skin 
with cold peripheral skin and mottling 

Urinary output Adequate Oliguria or anuria Anuria 


Blood pressure Normal Hypotension | Unrecordable 


Pediatric Critical Care 
I OR AON Ee 


fluicts is necessary. In cardiogenic shock, inotropic support 
and reduction of afterload by use of vasodilators is 
beneficial. 


Fim Therapy 


Vascular access: Large bore IV cannula or catheter is 
placed ina large peripheral vein, e.g. femoral vein. In older 
children and adolescents, cannulation of internal jugular, 
external jugular and subclavian veins can be considered. 


Fluids and blood products: The first choice of fluid for the 
acute stage is 0.9% normal saline or Ringer lactate. Large 
volumes of fluid have been used for acute stabilization in 
children without increasing the risk of acute respiratory 
distress syndrome or cerebral edema. When fluid require- 
ment is high, colloids (dextran, gelatin, 5% albumin) may 
be used. Packed red cells should be given at 10 mL/kg, to 
maintain hematocrit ~33%. 


Volume of fluids: Normal saline or Ringer lactate, 20 mL/kg, 
is infused rapidly over 5-10 minutes, and titrated with 
changes in heart rate, capillary refill and sensorium. If no 
significant improvement is noticed, repeat boluses of 
20 mL/kg are given. Large volume fluid deficits require 
40 to 60 mL/kg and maximum up to 200 mL/kg over first- 
hour for replenishing the deficit. In situations where 
availability for ventilator support and inotropic drugs is 
limited, fluid boluses should be administered cautiously. 
Patients who do not respond to boluses of 40-60 mL/kg 
in 1 hour are labeled as fluid refractory and should receive 
inotropic support. These patients require careful 


monitoring and are considered for intubation and 
mechanical ventilation. 


Vasoactive Drugs 

Vasopressors (Table 28.9) Dopamine is the first-line 
inotrope for managing shock associated with high cardiac 
output and low systemic vascular resistance. The 
medication increases cardiac output at doses of 5-10 yjg/ 
kg/min. Its vasoconstrictor effect of dopamine is seen at 
doses >15 pg/kg/minute and follow release of norepine- 
phrine from sympathetic vesicles, which may not be well 
developed in young infants (<6 months). Low dose 
dopamine (2-5 pg/kg/min) does not significantly affect 
renal blood flow. Dopamine refractory shock responds to 
norepinephrine or high doses of epinephrine. Some 
clinicians prefer using low dose norepinephrine as the first 
line agent for warm hyperdynamic shock. Use of 
vasopressors can be titrated to maintain a perfusion 
pressure, that refers to mean arterial pressure minus CVP, 
or systemic vascular resistance that ensures adequate 
urine output and creatinine clearance. 


Inotropes (Table 28.10): After initial fluid resuscitation, 
myocardial contractility needs to be augmented to 
improve cardiac output. Dobutamine and mid-dose 
dopamine are used as initial inotropic agents in adults, 
but children are less responsive. Epinephrine infusion 
usually works in dopamine or dobutamine refractory 
shock. Low dose epinephrine is used as first-line choice 
for cold hypodynamic shock, i.e. low cardiac output. 


[720 


© 28.9: Vasoactive agents he , 








Risk | 





‘Drug Receptors Use 
Dopamine 2-20 ug/kg/min D,/D,>B>a Renal effects, early inotropy needs, Peripheral vasoconstriction 
septic shock 
Epinephrine 0.01-2 pg/kg/min* 6, =f,>a Anaphylaxis, cardiogenic shock Ischemia, hypertension 
Norepinephrine 0.05—1 pg/kg/min B>a Severe vasodilatation, hypotension Acidosis from poor perfusion, 
ischemic injury 
Phenylephrine 0.1-0.5 pg/kg/min a selective Severe hypotension, hypercyanotic Acidosis, ischemic injury 


spells 


“Vasoconstrictive dose >0.2 pg/kg/min 









Et Pe Ne sce ob eccauOns Dak SL a fendi. 

Drug . _ __ Dosing iw Receptors Use Risk 

Dopamine 2-20 yg/kg/min D,/D,>B>a Renal effects, early inotropy § Peripheral vasoconstriction 
needs, septic shock 

Dobutamine 3-20 yg/kg/min B, > B, >a Contractility Tachycardia, vasodilation 

Epinephrine 0.01-—2 pg/kg/min B,=B2> a, butboth Contractility, vasoconstriction Tachycardia, vasoconstriction 
(high dose) 

Milrinone 0.3-0.7 yg/kg/min Pete eee Inotropy, vasodilation Tachycardia, vasodilation 

| , inhibitor 
Amrinone 5-10 pg/kg/min Phosphodiesterase Inotropy, vasodilation 


inhibitor 


_ 


ar~ 








ire "(SPORES 

} Drug Dosage Sita of action Uae 
Nitroprusside 0.3=7 y9/kg/min Arterles » volria 
Nitroglycerin 0.5-5 jg/kg/min Velns > arterles 


Therapy with type I phosphodiesterase Inhibitors [1 
considered in patients who are normotenslyve wilh low 
output and high vascular resistance despite use of 
epinephrine and vasodilator, However, these agents have 
long half lives and should be discontinued at the (rat sign 
of tachyarrhythmia, hypotension or diminished systemle 
vascular resistance. 


Vasodilators (Table 28.11) Vasodilators are useful din 
children with hypodynamiec shock with high systemic 
vascular resistance shock despite therapy wlth IV flutds 
and inotropes, 

Figure 28.4 outlines the management of a child wlth 
septic shock, 


Correction of Metabolic Abnormalities 


Infusion of sodium bicarbonate may be used to maintain 
arterial pH after optimizing perfusion and ventilation in 
patients with severe acidemia (pH <7.0), Hypoglycemia 
and hypocalcemia should be corrected. 


Control of Infection 


Patients with septic shock require prompt, appropriate 
and adequate antibiotic therapy. Even those without an 
obvious focus of infection must receive antibiotics that 
cover both gram-negative and gram-posilive infections. 
Surgical drainage is ensured, if the child has pus collection 
(abcess, empyema, collection in soft tissues or abdomen), 

Corticosteroids are reserved for catecholamine-resistant 
shock, and suspected or proven adrenal insufficiency. 
Adrenal insufficiency is perhaps more common in children 
with septic shock than previously thought, Methylene 
blue, which inhibits nitric oxide release, improves 
mean arterial pressure in adult patients with septic shock. 
The benefit of activated protein C infusion in severe 
sepsis is limited. If available, extracorporeal membrane 
oxygenation may be offered to neonates with refractory 
shock. 
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Fig. 28.4; Guldolines for Management of septic shock, BP blood 
prossuro; CVP coniral vonous pressure; PALS pediatric advanced 
lio support; PICU pocilaltic Intonsive care unit 


© Zingarelll U. Shock, Ischemla and reperfusion injury. 19 
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Intensive Care, Sth edt. Lippincott Williams and Wilkins 2016: 
pp 253-268, 


NUTRITION IN THE CRITICALLY ILL 


Critically ill children are prone to malnutrition, due to 
reduced intake and accelerated demands, increased 
resting energy expenditure, proteolysis, and glucose and 
insulin intolerance. It is essential to provide adequate 
nutrition early in the course of illness in order to improve 
outcomes. The enteral route is preferred, since it is safer 
and more cost-effective than total parenteral nutrition. 
Enteral nutrition helps maintain the gut barrier, preserves 
indigenous flora and prevents overgrowth of pathogens, 
reducing the risk of bacteremia and pneumonia. By 
preventing atrophy of gut mucosa, resumption of oral 
feeds is easier during recovery. Supplementation of 
vitamins and minerals is also best done by the enteral 
route. 

Apart from milk-based feeds, commercial formulae are 
available to supplement nutrition. Elemental formulae 
contain carbohydrates as oligosaccharides, maltodextrins 
or hydrolyzed cornstarch; nitrogen as peptides or amino 
acids; and lipids as oils or medium chain triglycerides. 
Low lactose or lactose-free diets are available. Feeding is 
initiated at 10-15 mL/kg/day and increased by 10-15 mL/ 
kg/day until targets are achieved. Feeds may be delivered 
directly into the stomach by nasal or oral routes. Bolus 
feeding is preferred over continuous feeding as it is 
physiological and requires less expertise to administer. 
Small bowel feeds are useful in gastroparesis. Continuous 
feeding is preferred for small bowel feeding. 

Conditions where enteral feeding is contraindicated are 
severe gastrointestinal hemorrhage, recent gastrointestinal 
surgery and intestinal obstruction. Complications of 
enteral feeding are intolerance, misplacement of the 
feeding tube, esophagitis and esophageal ulceration. 
Gastrointestinal reflux can lead to pulmonary aspiration. 
Diarrhea may occur because of hyperosmolar formulae, 
infection or malabsorption. 

Parenteral nutrition refers to the delivery of nutrients 
directly into the bloodstream, including amino acid 


mixtures, lipids, glucose, trace minerals and vitamins. © 


These are infused into a peripheral or central vein. A 
peripheral vein may be used, if the osmolality of infusate 
is less than 700 mOsm/kg. For delivery of adequate 
calories, central venous access is essential. For infants, 
glucose infusion is started at 5-6 mg/kg/min and 
increased gradually; insulin may be used, if there is 
hyperglycemia. Amino acids are begun at 1 g/ke/d and 
increased over 2-3 days to 2.5 g/kg/d. Lipids are given 
at 0.5 g/kg on day 1 and increased to 2-2.5 g/ kg/ d over 
4-5 days. Appropriate combinations can be achieved by 
considering fluid requirements. Ina critically ill child, the 
energy requirement is lower, as metabolism may be 
decreased, there is decreased activity due to illness, 
sedation and analgesia, and growth is lacking. The energy 
goal in the initial phase of acute illness is less than fora 
normal child and revised regularly to avoid overfeeding 
and underfeeding. 





Use of TPN requires monitoring of blood glucose 2-3 
times a day; electrolytes and urea twice a week; and 
weekly biochemistry, triglycerides and blood counts. 
Complications include catheter-related infections, liver 
dysfunction, hyperglycemia, acidosis, hyperlipidemia and 
electrolyte imbalance. 
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SEDATION, ANALGESIA, PARALYSIS 


The goal of sedation is safe and effective control of pain, 
anxiety and motion, allowing necessary procedures to be 
performed and to provide appropriate amnesia or 
decreased awareness. The state of consciousness varies 
from mild to deep sedation to general anesthesia. In 
moderate sedation (conscious sedation), consciousness Is 
depressed but protective airway reflexes are maintained 
and the child responds appropriately to verbal command 
or to light physical stimulation. Airway is maintained 
independently and spontaneous ventilation is adequate. 
Deep sedation refers to a medically controlled state of 
depressed consciousness from which the child is not easily 
aroused but responds purposefully to painful stimuli. The 
ability to maintain airway is impaired and requires 
assistance; spontaneous ventilation may be inadequate. 

The child should be carefully assessed before sedation 
for underlying medical problems, medication use, allergies 
and time and nature of last oral intake. Monitoring is 
important during sedation and following procedures, 
including assessment of vital signs, movement of chest 
wall, ECG monitoring and pulse oximetry. Table 28.12 
summarizes commonly used drugs for sedation and 
analgesia and Table 28.13 lists clinical scenarios requiring 
sedation and analgesia. For children on mechanical 
ventilation, continuous infusion of midazolam or 
diazepam is used for better control of ventilation. 
Intermittent doses or continuous infusion of fentanyl or 
morphine is used for pain control. 


Neuromuscular Blocking Drugs 


The use of neuromuscular blocking drugs is common in 
patients with artificial airway who are undergoing 
mechanical ventilation. Succinylcholine is the only 
depolarizing muscle relaxant available. Non-depolarizing 
drugs are pancuronium, atracurium, vecuronium and 
rocuronium. Short-term indications for these drugs 
include airway instrumentation and invasive procedures. 
Long-term use facilitates: (i) mechanical ventilation, 
overcoming patient ventilation dyssynchrony, and/or 
ensure high frequency ventilation; (ii) reduction of work 
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f 7 Table 28.12: Commonly used drugs for sedation and analgesia > 
| Drug Effects Dose Onset Duration 
‘Chloral hydrate = Sedation, motion control, 25-100 mg/kg PO 15-30 min 1-2 hours 
anxiolysis; no analgesia 
Triclofos Sedation, motion control; 20-100 mg/kg PO 30-45 min 4-6 hours 
no analgesia 
Midazolam Sedation, motion control, IV 0.05-0.1 mg/kg; up to 2-3 min 45-60 min 
anxiolysis; no analgesia 0,4-0.6 mg/kg 
Infusion: 0.5-3.0 mg/kg/min 
Diazepam Sedation, motion control, IV 0.2-0.3 mg/kg 2-5 min 1-2 hours 
anxiolysis; no analgesia Infusion: 0.1-0.5 mg/kg/hr | 
Propofol Sedation, motion control; IV 0.5—1 mg/kg; then 0.1—-0.5 mg/kg 1 min 10 min 
no analgesia every 3-10 min Si 
Infusion: 5-10 mg/kg/min 7 
Morphine Analgesia, sedation IV 0.1 mg/kg 2-3 min . 4-5 hours 
Fentanyl Analgesia IV 1 pg/kg/dose; repeat every 3 min 2-3 min 30-60 min 
Infusion: 1-5 pg/kg/hr 
Ketamine Analgesia, dissociation, IV 1-1.5 mg/kg over 1-2 min 1 min 15-60 min 
amnesia, motion control IM 3-5 mg/kg 3-5 min 15-150 min 
IM: Intramuscular; IV; Intravernous; PO: Per orally 
SS ee se ee SET Fre 





Bates " Table 28.13: Clinical scenarios for sedation GN | COCIIESIC as eee an ! 
Clinical scenarios Examples Sedation strategy 
Non-invasive procedures CT scan Comforting alone in older children 
Echocardiography Chloral hydrate orally 
EEG Triclofos orally 
MRI Midazolam intravenous (IV) 
Ultrasonography Comforting alone 


Procedures associated with low level of 


pain and high level of anxiety Phlebotomy 


IV cannulation 


Comforting and local anesthesia 


Lumbar puncture 
Flexible bronchoscopy 


Procedures associated with high level of 
pain and high level of anxiety 
Endoscopy 


Central catheter placement 
Bone marrow aspiration 


Midazolam and fentanyl or morphine |\/ 
Ketamine IV or intramuscular 


Abscess: Incision and drainage 
Interventional radiology procedures 
Intercostal drainage 


Paracentesis 


of breathing and metabolic demands; (iii) treatment of 
agitation unresponsive to sedation and analgesia; and (iv) 
treatment of tetanus and status epilepticus, under 
continuous EEG monitoring. Children receiving these 
agents should be monitored carefully, particularly for 
position of artificial airway and adequate ventilation. 
Patients who require paralysis should also be sedated. 
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HEALTHCARE-ASSOCIATED INFECTIONS 


Healthcare-associated infections (HAI; earlier called 
nosocomial infections) are not present or incubating at 
admission, but occur during hospitalization. Infections 
diagnosed 48 hours after admission until 72 hours after 
discharge are considered as health care associated (also 
see Chapter). Up to 6-10% patients admitted to PICUs 
develop HAI. Bloodstream infections are the most 
common (25-30%), followed by infections of lower 
respiratory (20-25%) and urinary tracts (15-20%). 
Important pathogens are coagulase negative and positive 


staphylococci, Escherichia coli, Pseudomonas aeruginosa, 
Klebsiella, enterococci and Candidg Sp. 





AS8Q0E DSCZUSOS Ging nvesive procedures 

Exsuré moor: Prefer erterci to cerenterei nutrition 
ADORE 2nd r25onal prescription of eriibiotics 

Fegular taming ihecion control, procedure scectic quidefines 
Sarrediarce for HAI 


He2ky care associated onexumoria: Awcid antecids and H, 
UCKES, Asitten respiratory therepy equipment sterile fluids 
hx MEAT 2S0N and humidifiers; change ventilator circuit tubing 
Cray 42 foxs; cere during sucéorinc, heed end at 30—45> 
Bern’, O.KER endotracheal tube; selective decontamination 
of at (iclramyon, gertarmicn, polymypxn, nystetin) 
Eiccdstream irtection: Care of vasculer access: use of Tefion 
Co polyurethane catheters; avoid mutilumen catheters: use 
Farspara dressings; minimal “breek in” into catheter and 
intravenous tubing: avoid TPN catheters for cther infusions 
Urinary tract infections: Minimal catheterization; asepsis 
during imsertiom, Closed drainage; early removal of catheter 


The risk of HAI is related to the severity of underlying 
ilIness, length of PICU stay, invasive monitoring and 
diagnostic procedures, and indiscriminate use of 
antimicrobials. Almost 90% of bloodstream infections 
occur in children with central venous lines, 95% of 
pneumonia in those on mechanical ventilation and 75% 
of UTI in children with catheters. HAI may be caused by 
organisms that originate from exogenous sources in the 
hospital or frorn patient's own flora. Apart from increased 
duration of hospital stay and cost of therapy, mortality 
attributed to HAI ranges between 10 and 20%. 

It is important for ICUs to have infection control 
programs to reduce the risk of HAI. A team of health 
professionals should ensure implementation and 
compliance on part of the PICU team. Infection control 
activities (Table 28.14) can reduce HAI rates by ~50%. 


Suggested Reading 
© Joram N, de Saint Blanquat L, Stamm D, Launay E, Gras-Le Guen 
C. Healthcare-associated infection prevention in pediatric intensive 
care units: a review. Eur J Clin Microbiol Infect Dis 2012; 31: 
2441-V). 


BLOOD TRANSFUSIONS 


Blood component transfusion is an integral part of 
treatment for many patients cared for in PICU. Blood 
products are prepared from collected whole blood or 
apheresis donation. Whole blood units are separated into 
red cells (RBC) and plasma and platelet components by 
differential centrifugation. Automated apheresis 
procedures are used to collect platelets, granulocytes or 
plasma. Cryoprecipitate is prepared from a plasma untit. 
Plasma proteins, e.g. albumin, anti-D immunoglobulins, 
IV immunog)obulins and concentrated coagulation factors 


are p by processing large pools of donor plasma 
obtained from whole blood or plasmapheresis, 
Indications for red cell transfusion are listed in 
Table 25.15. 
Transfusion for acute blood loss: If patient is not stabilized 
after 2 boluses of 20 mL/kg of isotonic crystalloids, it ts 
likely that the blood loss is >30% and the patient should 
receive fresh blood. 


Transfusion for chronic anemia: Children with chronic 
anemia usually tolerate hemoglobin levels as low as 4 g/dL. 
Investigations for the underlying cause of anemia should 
be sent, prior to instituting transfusions. Patients are 
screened for cardiovascular decompensation, an 
indication for emergency transfusion. 

Choice of blood group: For red cell transtusions, the choices 
are based on the principle that the recipient plasma must 
not contain antibodies corresponding to donor A or B 
antigens. For plasma and platelet transfusion, donor 
plasma must not contain A or B antibodies corresponding 
to recipient A or B antigens (Table 28.16). Patients who are 
RhD negative should receive only RhD negative red cells. 
Ideally, the same blood group red cells that are compatible 
with the recipient plasma should be transfused. 


Quantity of transfusion: The quantity of blood 
administered depends on hematocrit of the blood unit, 


Table 28.15: Indications for red blood cell transfusion in children) 
Infants 


Hematocrit <20 and asymptomatic with reticulocytes <100000/ 
cu mm 
Hematocnt <30 and requiring oxygen 


Hematocrit <35 and requiring CPAP or mechanical ventilation; 
heart rate >180/min or respiratory rate >80/min persisting for 
>24 hours; weight gain <10 g/day over 4 days while on >100 
Cal/kg/d; or if undergoing surgery 

Children 

Hemoglobin level <4 g/dL (hematocrit <12) irrespective of 
clinical condition 

Hemoglobin 4-6 g/dL (hematocrit 13-18) with features of 
hypoxia, acidosis, dyspnea or impaired consciousness 
Malaria with hyperparasitemia >20% 

Features of cardiac decompensation 


' Table 28.16: Choices of ABO blood groups for red cells, | 
it plasma and platelet transfusions ; 


‘Recipient Acceptable ABO group of component | 
blood group | 
Red blood cells Plasma Platelets ! 
O O O, A, B, AB O, A, B, AB 
A,O A, AB A, AB 
B B,O B, AB B, AB 
AB AB, A, B, O _ AB AB 
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pretransfusion hemoglobin level and patient weight. If the 
hemoglobin level is >5 g/dL and citrate phosphate 
dextrose red cells (hematocrit 70-75) are used, a trans- 
fusion of 10 mL/kg raises hemoglobin level by 2.5 g/dL. 
If anemia has developed slowly and hemoglobin level is 
<5 g/dL, red cell transfusion should be given slowly or in 
small quantities to avoid precipitating cardiac failure from 
circulatory overload. 


Platelets 


Platelet concentrates are prepared from whole blood 
donation but these may also be collected by apheresis. The 
usual platelet bag (unit) contains 7.0 x 10!” platelets, about 
50 mL plasma, trace to 0.5 mL of red cells and varying 
number of leukocytes (up to 10°). Apheresis platelet units 
contain 3 x 10" platelets, approximately 250-300 mL 
plasma, trace to 5 mL of RBCs and 10°-10? leukocytes. It 
can be stored for 5 days at 20-24°C. The need for platelet 
transfusions depends on the platelet count, bleeding 
tendency, etiology and setting of interventions like 
invasive procedures or surgery (Table 28.17). 


Plasma 


Plasma is prepared from a whole blood donation by 
centrifugation or automated apheresis. A unit of plasma 
contains 150-250 mL when prepared from whole blood 
donations. Immediately following collection, plasma 
contains approximately 1 unit/mL of each of coagulation 
factors. Coagulation factors V and VIII are labile and are 
not stable in plasma stored at 1-6°C. Plasma frozen within 
8 hours of donation (fresh frozen plasma, FFP) contains 
=0.7 U/mL factor VIII; this may be stored for 12 months 
at -20°C. The use of FFF is limited to treatment or 
prevention of significant bleeding due to deficiency of one 
or more plasma coagulation factors (Table 28.18). 
Compatibility tests before plasma transfusion are not 
necessary and plasma should be ABO compatible with 
recipients red cells. Usually, RhD group need not be 
considered unless in cases where large volume of FFP is 
needed. FFP may be thawed in a water bath at 30-70°C or 
in microwaves designed for this purpose. The dose of FFP 
depends on the clinical situation and the underlying disease. 
If used at a dose 10-20 mL/kg, it increases the level at 
coagulation factors by 20% immediately after infusion. 


Cryoprecipitate 


Cryoprecipitate is the precipitate formed when FFP is 
thawed at 4°C. It is then refrozen within 1 hour in 10-15 


|. Table 28.17: Indications for platelet transfusion a 
Platelet count <10 x 10°/L due to any cause 


Platelet count <20 x 109/L and bone marrow infiltration, severe 
mucositis or anticoagulant use 


Platelet count <30—40 x 10°/L and disseminated intravascular 
coagulation 


Platelet count <50-60 x 109/L and major surgical intervention 
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"Table 28.18: Indications for transfusion of fresh frozen plasma 
Coagulation factor deficiency when individual factor 
replacement is not available 
Anticoagulant (vitamin K antagonist) related bleeding 
Severe liver disease with prolonged prothrombin time or 
bleeding tendency 
Disseminated intravascular coagulation with active bleeding 


C1 esterase deficiency in hereditary angioneurotic edema 


mL of donor plasma and stored at -20°C for up to 1 year. 
This unit contains 80-100 units of factor VIII, 100-250 mg 
of fibrinogen, 40-60 mg of fibronectin, 40-70% of vWF and 
30% of factor XIII. Indications for use include hemophilia, 
von Willebrand disease and congenital deficiencies of 
fibrinogen or factor XIII. Compatibility testing of 
cryoprecipitate units is not necessary but ABO compatible 
units should be used. Cryoprecipitate is infused at the rate 
of 1 unit/5-10 kg of recipient weight, over 2-4 hours. 


Risks of Transfusion 


The chief risks of blood products include: (i) transfusion 
reactions; (ii) transmission of infectious agents, including 
HIV, cytomegalovirus, hepatitis B and C viruses, syphilis 
and malaria; and (iii) bacterial contamination due to 
inappropriate collection or storage. 


Time limit for infusion: There is risk of bacterial 
proliferation or loss of function in blood products once 
they are removed from storage. 


i. Whole blood or packed red cell transfusion should 
begin within 30 minutes of removing from storage 
temperature (2-6°C) and completed within 4 hours, if 
ambient temperature is 22—25°C., In case of high 


ambient temperature, shorter ‘out of refrigerator’ times 
should be used. 


il. Platelets should be infused within 20-30 minutes of 
being received. 


. Infusion of fresh frozen plasma should begin within 
20-30 minutes of removal from refrigerator. 

| The products are infused through a sterile administra- 

tion set containing a 170-200 um filter. The set should be 

changed every 12 hours, if multiple transfusions are 

needed. For platelet transfusions, a fresh set 

saline should be used. 


—- 


il 
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Transfusion reactions: Tables 28.19 and 28.20 summarize 
adverse effects of transfusion of blood products. 
Hypersensitivity reactions cause mild and moderate 
reactions; life-threatening reactions can occur due to 
multiple causes, including intravascular hemolysis, 
bacterial contamination, fluid Overload, anaphylaxis and 
transfusion associated lung injury. 


Massive transfusion: This is the replacement of blood 
equivalent to or greater than the patients total blood 
volume (70 mL/kg in adults; 80-99 mL/kg in children) 


Pediatric Critical Care 


Clinical features 
Pruritus, urticaria, rash 


Moderately severe Anxiety, itching, headache, mild dyspnea, 
palpitations, flushing, urticaria, rigors, 


tachycardia, fever, restlessness 


Life threatening Anxiety, chest pain, pain at transfusion 
Site, headache, dyspnea, respiratory 
distress, backache, rigors, fever, 
restlessness, hypotension, tachycardia, 
hemoglobinuria, bleeding from one or 


more sites 


Table 28.19: ‘Adverse effects of use of blood and blood products | TR 
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Treatment 


Slow transfusion 
Administer chlorpheniramine maleate 0.1 mg/kg 
lf no improvement in 30 minutes, treat as next category 


Stop infusion, replace IV set; notify blood bank 

Take sample from bag and patient for repeat crossmatching; urine 
sample for hemolysis 

Administer antihistaminic and antipyretic 

Give IV steroids and bronchodilator, if needed 

lf improves, restart transfusion slowly 

If no improvement in 15 minutes, treat as next category 


Stop infusion, change IV set; notify blood bank 

Sample from bag and patient for repeat crossmatching; urine 
sample for hemolysis 

Ensure open airway; oxygen inhalation; elevate legs 

Normal saline 20 mL/kg; repeat if needed 

Inotropes, if required; adrenaline (1:1000) 0.01 mg/kg IV/SC 
IV steroids and bronchodilator, if needed 

Bleeding (DIC): Consider use of platelets, FFP, factor 
concentrates, cryoprecipitate 

Acute renal failure: Fluid balance; frusemide; dialysis 
Bacteremia: Send cultures; antibiotics 


Table 28.20: Delayed complications 


5—10 days later 

Fever, anemia, jaundice 
5—10 days later 

Bleeding tendency 
Thrombocytopenia 

10-12 days later 

Fever, rash, desquamation 


Delayed hemolytic reaction 


Post-transfusion purpura 


Graft vs. host disease 


Diarrhea, hepatitis, pancytopenia 
Cardiac and liver failure in transfusion 


Iron overload 
dependent patients 


with stored blood in less than 24 hours. Complications of 
massive transfusion are acidosis, hypothermia, hyper- 
kalemia, citrate toxicity and hypocalcemia, depletion of 
fibrinogen and coagulation factors, depletion of platelets 
and disseminated intravascular coagulation. 


No treatment; if hypotension, treat as acute 
intravascular hemolysis 

High dose steroids 

Intravenous immunoglobulins 

Plasma exchange 

Supportive care 


Desferioxamine (subcutaneous infusion) 
Deferiprone (oral) 





suggested Reading 


* Karam O, Spinella PC, Wong ECC. Blood products and transfusion 
therapy. In: Nichols DG, Shaffner DH, eds. Roger’s Textbook of 
Pediatric Intensive Care, 5th edn. Lippincott Williams and Wilkins 
2016: pp 621-40. 
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Important Medical Procedures 


Medical procures involved in care ot children include 
diagnastic procedures and therapeutic iiterventians, Some 
at which may be criticalor life-saving. His important to 
observe universal sterile precautions during medical 
procedure and dispose waste articles appropriately, 


Removal of an Aspirated Forelgn Body 


Foreign body airway obstruction is a common medical 
EMEENCY, € especially in children vounger than 5-year: 
old. Mast events are witnessed and may be caused by 
choking on toy parts, seeds, nuts, grapes, pebbles or 
buttons, The usual presentation is with sudden onset of 
cough, gagging or stridor with or without respiratory 
distress. A foreign body obstructing the upper airway 
completely can cause hypoxemia, cyanosis and secondary 
cardiac arrest. If the child can speak, breathe or cough, 
partial obstruction is likely, While this indicates that there 
is no immediate threat to life, the foreign body may get 
dislodged and obstruct the airway totally, 


Indication: Patients with either complete airway obstruc- 
tion or partial airway obstruction with poor air exchange 
require immediate relief. 


Procedure: A choking infant younger than 1 year is placed 
face down over the rescuer’s arm, with the head positioned 
below the trunk. Five measured back blows are delivered 
rapidly between the infant’s scapulae using the heel of 
the hand (Fig. 29.1). If obstruction persists, the infant is 
rolled over and five rapid chest compressions are 
performed, similar to cardiopulmonary resuscitation. The 
sequence of back blows and chest compressions is 
repeated until the obstruction is relieved. Abdominal 
thrusts (Heimlich maneuver) may be performed in 
children older than 1 year (Fig. 29.2). When initial 
interventions fail, ajaw thrust is performed, since this may 
partially relieve the obstruction. If the foreign body can 
be visualized, it should be removed manually using Magill 
or other large forceps. 


In the unconscious apneic child, a tongue-jaw lift can be 
performed by grasping both tongue and lowerjaw between 
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Fig. 29.1: Back blows In a choking Infant 





Fig. 29.2: Helmilch maneuver in 2 child 
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the thumb and finger and lif ting. Blind finger-sweeps are 
avoided in infants and young children because they may 
push the foreign body further back Into the airway, 
worsening the obstruction, Children presenting wilh signs 
and symptoms of foreign body aspiration beyond the 
oropharynx into the trachea or bronchus require broncho- 
scopy by experienced personnel. 


Complications: Chest compressions may cause rib and 
cardiac damage in infants, but are rare, if performed by 
experienced personnel. Uncommon complications of the 
Heimlich maneuver, if performed incorrectly, include 
pneumomediastinum, rupture of spleen or stomach and 
injury to the aorta, 


Nasogastric Tube Insertion 


Indications: Nasogastric intubation is usually performed 
for: (i) administration of medications or nutrients in uncon- 
scious or anorexic children; (ii) gastrointestinal decom pres- 
sion in case of intestinal obstruction or trauma: and (iii) 
gastric lavage in a patient with upper gastrointestinal 
bleeding or toxin ingestion. 


Contraindication: (i) Suspected basilar skull fracture, 
(ii) maxillofacial trauma 


Procedure: The largest size tube that does not cause undue 
discomfort to the child is chosen. Typically, an 8 Fr tube is 
used in neonates, 10 Fr fora 1-year-old and increasing sizes 
in childhood up to 14-16 Fr tubes in teenagers. The length 
of tubing to be passed is estimated by adding 8-10 cm to 
the distance between the nostrils to the xiphoid process, 
The child is prepared by explaining the procedure as fully 
as possible; sedation is rarely needed. 

Infants and obtunded children are placed supine with 
the head turned to one side. The curved tube is straightened 
and its patency checked with a syringe. Application of a 
lubricant facilitates atraumatic nasal passage. The tube is 
grasped 5-6 cm from the distal end and advanced poste- 
riorly along the floor of the nose. It is inserted with its 
natural curve pointing downward in order to go past the 
bend of the posterior pharynx easily. The procedure is 
discontinued temporarily, if the child coughs or gags or if 
the tube emerges from the mouth. When the tube is passed 
successfully to the measured length, its position is checked. 
Using a5 mL syringe filled with air attached to the proximal 


end, the plunger is depressed rapidly while one auscultates 
for gurgling over the stomach. The tube is taped securely 
to the nose. 


Complications: The procedure may be associated with 
tracheal intubation, nasal or pharyngeal trauma, or 
vomiting, 


Central Venous Cannulation 


Indications: Usual indications include: (i) inability to estab- 
lish venous access in the peripheral circulation; (ii) access 
for drugsand fluids that require central administration (e.g. 
vasopressors, hypcralimentation fluids, contrast 
medications); (iii) to monitor central venous pressure; and 
(iv) access for hemodialysis, plasmapheresis or continuous 
renal replacement therapies. 


Procedure: Principles common toall central venous cathe- 
ter procedures, regardless of site, include: (i) strict attention 
to asepsis; (ii) use of the Seldinger technique (placement 
over a guidewire minimizes trauma and hematoma forma- 
lion and enhances successful cannulation); (iii) adequate 
sedation to minimize movements; (iv) attention to appro- 
priate location of catheter tip, avoiding high-risk sites such 
as ventricles and left atrium, verifying tip position witha 
radiograph; (v) avoiding placement in presence of a 
bleeding diathesis; and (vi) continuous monitoring of vital 
signs and oxygen saturation. 


Sites: The site of access depends on the indication 
(Table 29.1). 


i. External jugular vein. The external jugular vein can be 
identified easily. There is less risk of pneumothorax. 
Complications are minimal because of the superficial 
position of the vein and the ability to compress the 
vein to prevent hemorrhage. 


eae 


ii. Internal jugular vein. Internal jugular vein cannulation 
provides an excellent approach to the central circula- 
tion with a high success rate and minimal compli- 
cations. Carotid artery puncture and pneumothorax 
are the most common complications. With left-sided 
cannulation, there is potential for injury to the thoracic 
duct and there is a higher risk for pneumothorax 
because the apex of the left lung is higher than on the 


right. 
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Table 29.1; Preferred choices for placement of centralline = a 
| A” ‘eld First choice Second choice ‘ 


Indication ya. ‘ 
| Emergency alrway management 
or cardiopulmonary resuscitation 
Long-term parenteral nutrition 
‘Acute hemodialysis or plasmapheresis 
Coagulopathy 
Other purposes, 8.9. access for surgery oF medications 


Femoral vein Subclavian vein 


Internal jugular vein 
Femoral vein 

External jugular vein 
Femoral or subclavian vein 


Subclavian veln 
Internal jugular vein 
Femoral vein 
Internal jugular vein 
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iii, Suebclavian vein cannulation, This vein is the preferred site 
in patients with long-term catheter requirements because 
of its relatively high level of patient comfort and ease of 
catheter maintenance. In patients with hypovolemia, the 
subclavian vein does not collapse as readily as other 
major vessels. Major complications include pneumo- 
thorax, subclavian artery puncture, or occasionally, 
hemothorax. The chief long-term risk is subclavian vein 
stenosis. 

iv. Femoral vein cannulation, Femoral vein cannulation is the 
most common site for central vein cannulation as it is 
easily accessible. Main complications are the risk of 
arterial puncture, infection, and rarely, deep vein throm- 
bosis (more common with long-dwelling catheters in 
adolescents). 


Capillary Blood (Heel Prick) 


Indications: Heel prick is a useful technique to obtain arte- 
rialized capillary blood for blood gas analysis, bilirubin, 
glucose, hematocrit and other parameters in newborns. 


Technique: Figure 29.3 indicates the appropriate areas to 
use for heel punctures for blood collection. Prewarming the 
infant’s heel (using a cotton wad soaked in sterile warm 
water at 40°C ora hot towel) is important to obtain capillary 
blood gas samples as it increases the flow of blood, allowing 
collection of blood specimen. Hot water should not be used 
since baby skin is thin and susceptible to thermal injury. 
After ensuring asepsis, a sterile blood lancet or a needle is 
punctured at the side of the heel in the appropriate regions 
as shown in Fig. 29.3. The central portion of the heel is 
avoided as it might injure the underlying bone. Blood 
sample is obtained by alternate squeezing and releasing of 
calf muscles. 





Fig. 29.3: Recommended sites for neonatal capillary blood 
sampling. Hatched areas indicate safe areas for puncture sites 
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Complications: The following complications may occur: 
(i) puncture of the calcaneus, resulting in necrotizing 
chondritis or osteomyelitis; (ii) calcified nodules of the 
heel; (iii) hemolysis, resulting in falsely elevated bilirubin 
and potassium levels from mechanical trauma; 
(iv) erroneously high glucose values due to alcohol in the 
swab; and (v) inaccurate pCO, and pO, values from poor 
blood flow. 


Umbilical Vessel Catheterization 


Indications: The umbilical vein is a convenient route for 
vascular access in newborns during the first 7-10 days of 
life. The route is used for administration of intravenous 
fluids or drugs during neonatal resuscitation, when 
establishing peripheral venous access is technically 
difficult. It is also employed as a route for central venous 
pressure monitoring and for performing exchange blood 
transfusion. Cannulation of the umbilical artery provides 
a route for arterial pressure monitoring or arterial blood 
sampling and alternative access for exchange transfusion. 


Contraindications: Omphalitis is a contraindication; the 
procedure should also be avoided in presence of peritoni- 
tis or necrotizing enterocolitis. 


Equipment: These include a 5 or 8 Fr catheter or feeding 
tube, 10 mL syringe, tape or silk suture to tie the base of 
the cord, normal saline for flushing, intravenous tubing 
and three-way connectors, a set of sterile drapes, sterile 
instruments (small iris forceps, needle holder and scalpel 
blade) and antiseptic for skin preparation. 


Procedure: The neonate is placed beneath a radiant 
warmer. Anesthesia is not required; the limbs are res- 
trained gently. The abdomen and umbilicus are cleaned 
with chlorhexidine gluconate or povidone-iodine and 
sterile drapes placed, leaving the umbilical area exposed. 
Vital signs are monitored continuously. 

A suture is looped at the base of the cord with gentle 
constriction to anchor the cord and limit bleeding. The 
cord may need to be immobilized by two artery forceps 
grasping cord edges at 3 and 9 o'clock position. Using a 
scalpel blade, the cord is trimmed to 1-2 cm above the 
skin. The umbilical vessels are easily identified. The 
umbilical vein is a single, thin-walled, large diameter 
lumen, usually located at 12 o’clock position, while the 
two arteries have thicker walls with a small-diameter 
lumen (Fig. 29.4). The catheter or feeding tube is flushed 
with heparinized saline (1000 U/L) and attached to a three- 
way connector. A mark is placed at the length of insertion 
expected to place the catheter tip above the diaphragm 
but below the right atrium; this is calculated as 0.6 times 
the shoulder-to-umbilicus distance from the tip of the 
catheter. The closed ends of a pair of iris forceps are 
inserted into the lumen of the umbilical vein, and the 
lumen dilated by separating the ends of the forceps by 








Umbilical vein 
Umbilical arteries 


Fig. 29.4: Umbilical vein cannulation in a newborn, The umbllical 
vein is located at 12 0’ clock position and Is identified by tts 
large lumen and thin walls 


opening it gently. Grasping the catheter with iris forceps 
1 cm from its distal end, the catheter is inserted into the 
lumen of the umbilical vein and advanced gently inward 
until blood returns freely. Resistance to advancement of 
the catheter indicates that the tip is in the portal vein or 
the ductus venosus; the catheter should be withdrawn 
until free flow of blood is noted. The catheter is flushed 
with saline and secured with a purse string suture. An X- 
ray is ordered to ensure that the tip of the catheter is in 
the inferior vena cava and not the hepatic vein or right 
atrium. 

A similar procedure is followed for insertion of catheter 
into the umbilical artery. Since the Jumen is smaller, the 
vessel is dilated carefully 2-3 times using a curved iris 
forceps and the catheter inserted gently, taking care 
to avoid vascular spasm. The catheter is advanced to 
either the high position (above the diaphragm between 
thoracic vertebrae T6 and T9) or the low position (above 
the aortic bifurcation between lumbar vertebral bodies L3 


and L4). 


Complications: During insertion, vascular spasm, arterial 
injury or air embolism may occur and a false tract may get 
created. Other complications include bleeding due to 
accidental disconnection of IV tubing; catheter-related 
infection, thrombosis and embolism; and incorrect position 
of the catheter tip causing cardiac arrhythmias, hepatic 
necrosis or portal hypertension. Vascular complications are 
common with the umbilical artery catheter, particularly if 
placed in the low position. 


Arterial Catheterization 


Indications: Arterial catheterization may be needed (|) to 
monitor blood pressure continuously, especially In hemo- 
dynamically unstable patients; and (li) to frequently 
monitor arterial blood gas, 


Sites and procedure: Radial artery cannulation {4a primary 
site of arterial cannulation in infants and children, Right 
radial artery cannulation is performed when preductal 
arterial oxygen tension is required for evaluating and 
treating infants with congenital heart disease, It ls often 
helpful to stabilize the hand and wrist on an arm board, 
placing the wrist in approximately 30°-15° extension over 
several gauze pads, Adequacy of the palmar arterial arch 
should be assessed by the Allen test before radial arterial 
puncture. 


Complications: 
i. Disconnection of the catheter from the IV infusion. 


ii. Ischemia: The radial artery cannula should be with- 
drawn, if ischemic changes develop. 


iii. Emboli: Blood clot or air may embolize to the digits 
or centrally, resulting in arteriolar spasm or ischemic 
necrosis. 


iv. Infection may cause septicemia, 


Intraosseous Infusion 


Indications: The bone marrow cavity is effectively a vascular 
space that does not collapse even in the setling of shock or 
cardiac arrest. Intraosseous access is the vascular access of 
choice in patients with severe hypotension such as 
cardiopulmonary arrest or decompensated shock. Almost 
any medication that can be administered into a central or 
peripheral vein canbe safely infused into the bone marrow, 
Crystalloid solutions, colloids and blood products can be 
safely infused, as can hypertonic solulions, 


Procedure: The technique of intraosseous infusion is rapid 
and simple. The most common sites are the proximal tibia, 
distal tibia and distal femur (Fig. 29.5), Due to differences 
in cortical thickness, the proximal tibia along the flat 
anteromedial surface of the shaft, 1-2 cm below the tibial 
tuberosity, is the preferred site in infants and young 
children. The distal tibia at the junction of the medial 
malleolus and the shaft of the tibia is preferred in older 
children. 


Technique: Using aseptic technique, the site is prepared 
with an iodine solution. The skin is injected with 1% lido- 
caine for anesthesia in the awake patient. The needle is 
inserted ata 10° to 15° angle to the vertical, away from the 
joint space (caudal for the proximal tibia, cephalad for the 
distal tibia and femur). Pressure is applied ina ‘to and fro’ 
rotary motion. As the needle passes into the marrow, a ‘give 
away’ will be felt. The needle should stand without sup- 
port. Evidence for successful entrance into the marrow 
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Spine is maximally flexed without compromising the 
upper airway. 

The skin is cleaned with povidone-iodine solution and 
alcohol beginning at the intended puncture site and spong- 
ing in widening circles until an area of 10 cm in diameter 
has been cleaned. This is allowed to dry. Local anesthesia 
is used in children older than 1 year of age. The site is 
anesthetized by injecting 1% lidocaine intradermally to 
raise a wheal, then advancing the needle into the desired 
interspace and injecting the anesthetic, being careful not to 
inject it into a blood vessel or spinal canal. : 

The spinal needle is grasped firmly with the bevel facing 
‘up’, parallel to the direction of the fibers of the ligamentum 
flavum. The needle is inserted into the skin over the selected 
interspace in the midline sagittal plane slowly, aiming 
slightly cephalad toward the umbilicus. When the 
ligamentum flavum and then the dura are punctured, a 
‘pop’ and decreased resistance are felt. The stylet is 
removed to check for flow of spinal fluid. 

About 1 mL of CSF is collected in sterile tubes for routine 
Fig. 29.5: Insertion sites for intraosseous infusion In the proximal culture, glucose and protein determination and cell count. 
tibla, 1-2 cm anteromedial from the tiblal tuberosity, the distal © Additional samples are collected as indicated. The stylet is 
tibla at the junction of medial malleolus and the shaft of the —_ reinserted to remove the spinal needle with one quick 
HRIa, ond the distal one inicvot there rmatr motion. The back is cleaned and the puncture site covered. 





; ' : Sitting position: The infant is restrained in the seated 
include (i) the lack of resistance (or a ‘give away’) after the rsh SI dates ; : . ; 
needle passes through the cortex, (ii) the ability of the position with:maximal spinal lesan. (hag, 29.6b). ihe 


needle to remain upright without support, (iii) aspiration 
of bone marrow into a syringe, and (iv) free flow of the 
infusion without significant subcutaneous infiltration. The 
styletis removed. Proper placement is confirmed by aspira- 
tion of bone marrow into a5 mL syringe and free flowing 
ofa heparinized saline flush. The needle is connected to the 
desired intravenous tubing and solution. The site is observed 
for extravasation of fluids into the surrounding soft tissue. 





Complications: Potential complications include osteo- 
myelitis, subcutaneous abscess, extravasation of fluid into 
subcutancous tissue, epiphyseal trauma and fat embolism. 





Lumbar Puncture 


Indications: The procedure is performed to obtain 
cerebrospinal fluid (CSF) for the diagnosis of meningitis, 
meningoencephalitis, subarachnoid hemorrhage, meta- 
static leukemia or benign intracranial hypertension. 


Procedure: The spinal cord ends at approximately the level 

of the L1 and L2 vertebral bodies. Caudal to L2, only the 

filum terminale is present. The desired sites for lumbar 
puncture are the interspaces between the posteribr ele- 

ments of L3 and L4 or L4 and L5. These spaces are located b 
by palpating the iliac crest. If one follows an imaginary 

‘plumb line’ from the iliac crest to the spine, the interspace 
encountered is LA to LS. 


Lateral decubitus position: The patient is restrained in _ Fig, 29,6: Lumbar puncture with the child in (a) Decubitus position; 
the lateral decubitus position as shown in Fig. 29.6a. The —_ and (b) Sifting position 








assistant holds the infant's hands between his or her flexed 
legs with one hand and flexes the infant’s head with the 
other hand. Drapes are placed underneath the child’s 
buttocks and on the shoulders with an opening near the 
intended spinal puncture site. The interspace is chosen as 
noted earlier and the procedure follows steps as outlined 
for the lateral position. The needle is inserted so it runs 
parallel to the spinal cord. 


Complications: Lumbar puncture may be associated with 
headache, local back pain or infection. Brainstem hernia- 
tion may occur in the presence of symptomatic intracranial 


hypertension. 
Thoracocentesis or Pleural Tap Oo 


Indications: Thoracocentesis is performed to evacuate 
fluid from the patient’s pleural space for: (i) diagnostic 
purpose, e.g. pleural effusion or empyema; or (ii) thera- 
peutic purpose, e.g. when large collections of pleural fluid 
compromise ventilatory function. 


Contraindications: These include: (i) uncooperative child; 
(ii) uncorrected coagulopathy; and (iii) persistent inability 
to draw fluid (which suggests a loculated effusion). The 
operator should consider withholding further attempts 
until the procedure can be performed under radiographic 
guidance (CT scan, ultrasound). 





Technique: The first step in thoracocentesis is to ensure b 
by clinical and radiological methods that fluid is present 
in the area tapped. Decubitus films are helpful in demon- 
strating free fluid that shifts with movement. 

The procedure (Fig. 29.7) is carried out with the patient 
appropriately positioned upright and leaning forward. The 
site of entry is anesthetized with local anesthetic. The 
landmark for evacuation of the fluid is the angle of the 
scapula that corresponds approximately to the eighth mb 
interspace. An appropriate catheter is used over a needle. 
The needle is introduced immediately above the superior 
edge of the rib to avoid puncturing the intercostal artery and F 
vein. Once the pleural space is entered and fluid is aspirated, 
the catheter is advanced as the needle is withdrawn. The __ Fig. 29.7: Thoracocentesis: (a) The landmark for thoraco- 
catheter is connected to a three-way stopcock and syringe centesis is the angle of the scapula that corresponds 
(10-20 mL). It is important to control the aspiration of fluid approximately to the eighth rib interspace; (b) The needle is 


such that air is not allowed to enter the pleural space from introduced immediately above the superior edge of the rib to 
avoid puncturing the intercostal vessels; and (c) After inserting 


the outside. 
ce the catheter in the pleural space, the catheter ls connected to 
a three-way stopcock and a syringe 





Complications: 
i. Intercostal artery puncture with severe hemorrhage 
ii. Development of pneumo- or hemothorax 

iii. Malposition of the thoracocentesis needle, with injury 


therapeutic reason, i.e. to remove large volumes of abdo- 
minal fluid which impair respiratory function. 


of abdominal viscera or lung parenchyma. Technique: The patient is placed in a supine position and 
; the bladder is emptied. The common sites for paracentesis 
Abdominal Paracentesis or Ascitic Tap are shown in Fig. 29.8. These sites are chosen to avoid 


Indications: Ascitic tap is performed for diagnostic pur- _—_— puncture of underlying vessels or viscera. Usually, the 
pose, e.g. to determine the etiology of the peritoneal fluid _left lower quadrant is preferred, since critically ill children 
and to determine whether infiltration is present, or for may have cecal distension. 
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Fig. 29.8: Sites for abdominal paracentesis. The preferred sites 
are the linea alba (midway between the umbilicus and the 
pubic symphysis) and lateral to the rectus abdominis muscle 


After the site is chosen, xylocaine is injected with a small 
needle to produce a skin wheal. The skin is then tilted 
anteriorly so that further infiltration into the subcutaneous 
tissue is ina different plane (Z tracking). A needle or over- 
the-needle catheter is then advanced using the Z tracking 
technique and at an angle perpendicular to the skin. 
Continued aspiration of the needle is used until peritoneal 
fluid is aspirated. Approximately 10-15 mL of fluid is 
aspirated for studies. Appropriate studies may include 
cultures and Gram stain, cell count, cytology, amylase, LDH, 
bilirubin, albumin and protein. If the paracentesis is per- 
formed for therapeutic purposes, a catheter should be placed. 


Complications: Complications include hemorrhage, fluid 
leak, intestinal or bladder perforation, and hypotension, 
if large volumes are removed. 


Catheterization of Bladder 


Indications: Bladder catheterization is done in bedridden 
patients who need short-term assistance. It is also required 
in patients with (i) polytrauma, especially for evaluation 
of the urinary tract in an unconscious child; (ii) shock; 
(iii) acute urinary retention; (iv) to obtain a urine specimen 
for urinalysis; (v) in acute kidney injury, to monitor urine 
output; and (vi) for urodynamic studies. 


Procedure: The patient is restrained as necessary. The 
urethral meatus, penis and the perineal area are cleaned 
thoroughly witha povidone-iodine solution. A Foley cathe- 
ter of the appropriate size is selected (8 Fr in the newborn, 
10 Fr in most children and 12 Fr in older children). The 
catheter tip should be lubricated with sterile lubricant to 
minimize local trauma. 


Boys. The penile shaft is gently grasped and extended. The 
catheter is held near the distal tip and advanced up the 
urethra unless resistance or an obstruction is encountered. 
If resistance is encountered, a smaller catheter is selected. 


The catheter should be passed into the bladder; this is 
important because urine may begin to flow while the 
catheter is in the proximal urethra and inflation of the 
balloon in the urethra may lead to urethral perforation. 
The balloon is inflated after advancing the catheter its 
entire length. The catheter is taped to the child’s leg. 


Girls. In girls, the principles of catheterization are similar 
to those in the male. Anassistant carefully spreads the labia. 
A well-lubricated Foley catheter 1s introduced into the 
bladder. The catheter is advanced its entire length before 
inflating the balloon. A catheter that is passed in its entirety 
is unlikely to be inadvertently located in the small vagina 
of a young girl. 


Complications: Injury to urethra or urinary bladder and 
inadvertent catheterization of the vagina may occur. 
Absence of aseptic precautions might result in urinary 
tract infection. 


Peritoneal Dialysis 


This modality of dialytic support is used for renal replace- 
ment therapy both in acute kidney injury (AKI) and end- 
stage renal disease. Catheters placed surgically for chronic 
ambulatory peritoneal dialysis are not discussed here. 


Indications: The modality is used in patients with AKI in 
whom dialysis is indicated (Chapter 17) and hemodialysis and 
continuous renal replacement therapies are not available, 
orifhemodialysis is contraindicated. The technique is widely 
available, inexpensive and technically easy to perform even 
in newborns. 


Contraindications: Relative contraindications to peritoneal 
dialysis include recent abdominal and/or cardiothoracic 


surgery, diaphragmatic peritoneal-pleural fistula, fecal or 
fungal peritonitis and abdominal wall cellulitis. 


Procedure: Access for peritoneal dialysis can be achieved 
by inserting a rigid catheter (Fig. 29.9a) ora single cuff sott 
Tenckhoff catheter at the bedside (Fig. 29.9b). The double 
cuff Tenckhoff catheter, used for chronic peritoneal dialysis 
is placed in the operating room by a surgeon. A rigid acute 
PD catheter is easily available, inexpensive and relatively 
simple to insert. However, the risks of peritonitis are high, 
particularly if used for more than 48 hours. 

The abdomen is cleansed with chlorhexidine and beta- 
dine and draped. Following administration of sedation and 
local anesthesia, an 18-22 s§auge cannula is inserted below 
the umbilicus in the midline or lateral to the rectus abdo- 
minus muscle at two-thirds the distance between the 
umbilicus and the anterior superior iliac spine (Fig. 29.9c). 
About 20-30 mL/kg of peritoneal dialysis fluid is infused 
till the flanks appear full. 


The cannula is removed and the stiff catheter is inserted 


using the trocar. Once a ‘give away’ sensation is felt, dialysis 
fluid flows freely back into the catheter lumen. The catheter 


is inserted carefully avoiding injury to viscus by the trocar 
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Fig. 29.9: Peritoneal dialysis: (a) Stiff uncuffed catheter used for acute peritoneal dialysis; (b) Soft single cuff Tenckhoff catheter 
Inserted bedside for acute dialysis; (c) Usual site of catheter insertion is in midline below the umbilicus or two-thirds of 
the distance between umbilicus and anterior superior iliac spine; (d) Device for automated control of dialysis and aseptic han- 
dling; and (e) Infant undergoing dialysis with soft Tenckhoff catheter 


and guiding the tip of the catheter into the left iliac fossa. 
The trocar is removed and the catheter attached to a three- 
way connection to the peritoneal dialysis fluid and the drain 
bag. Once easy inflow and outflow are confirmed, the 
catheter is secured with a purse-string suture and manual 
cycles of dialysis are initiated. | 

The soft single cuff catheter is inserted using an intro- 
ducer kit using the modified Seldinger technique. A tunnel 
is created in the soft tissue so that the exit site is away from 
the entry point into the peritoneum and the cuff protects 
from bacterial migration. This catheter is associated with 
lower risk of peritonitis, particularly if used with an auto- 
mated cycler device (Fig. 29.9d). It can be capped when not 
in use, allows ease of nursing, and can be used for several 


weeks (Fig. 29.9e). 


Prescription: Acute PD can be performed intermittently or 
continuously depending upon the desired amount of fluid 
and solute removal, and either manually by nurses or via 
an automated device. About 20-30 mL/kg is infused over 
5 min, kept in the abdomen for 20-40 min, and then drained 
out, Ultrafiltration should not exceed 5-10% of body weight 
over 24-48 hours. The prescription is modified every 
6-12 hours based on clinical evaluation and laboratory 


parameters. Acute manual PD requires constant super- 
vision to ensure accurate inflow, dwell and drain times and 
the maintenance of a record of exchange and drain volumes 
and net ultrafiltration. By comparison, the use of the 
automated cycler reduces need for constant supervision 
and record maintenance and decreases the number of 
manual interruptions and risk of peritonitis. 


Complications: Abdominal pain or discomfort may occur 
due to abdominal distension, improper position of the 
catheter or peritonitis. Mild hemorrhage is frequent during 
catheter placement, particularly with rigid acute catheters. 
Leakage around the PD catheter site is managed by reducing 
the exchange volume or placing a suture at the exit site. 
Inadequate drainage is due to improper placement of the 
catheter tip or decreased bowel motility. Bowel perforations 
is rare but may be observed with placement of stiff catheters. 
Metabolic complications include hyperglycemia, hypokale- 
mia, protein losses and hypernatremia. 


Bone Marrow Aspiration and Biopsy 


A special bone marrow needle is introduced into the bone 
marrow space, and a sample aspirated for analysis. A mar- 
row biopsy is taken to ascertain the cellularity and 
architecture of the marrow. 
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Indications: Sone M2ITOW |spiretion and biopsy are 
indicated in presence of pencytopeni2, bicytopeni2, unex- 
pleined thrombocttonet2 of lenkocyiosis in order tornule 
Oui sicninceni natholosr such as Ivmphoreticular 

alion=ncr (actie Aor hoclesk or myelogenous leuke- 
mia, Hodeiin o nor Hoek lhmphomz, chronic mve- 
joid jenkemis, mrencrspizs2. mrelofibrosis);hyporlastic 
or aplastic anemis; meszlorlestic anemia; sideroblastic 
anemia; Lanserhins ceil histocriosis; hemophagocvtosis 
svndrome; suspected meiesasis (retmoblastoma, neuro 
blastoma); infiltretive Sorece diseases (Gaucher disease) 
or infections involving the bone marrow (kala-azar, 
tuberculosis}. 


Sites: The ilisc crest is the most commonly used site. The 
Stemum 35 not preferred m children because of associated 
Pain and the risk of injuring underlying vital structures. 
Marrow may De aspirated from the proximal tibia medial 
to the tibial tuberosity in infants (<1-ye2r-old). This site is 
preferred in mfanis since biopsy from the iliacsite im voung 
Children is dificult as the iliac crest is small and carries risk 
of injuring pelvic viscera. 


Equipment: Various ivpes of bone marrow biopsy needles 
are available (Figs 29.1Ga and b). The Jamshidi needle and 
its modincations are used widely because of their light 
weight, sharp bevelled end that allows easy coring of bone, 
a tapering end that facilitates recovery of marrow spedmen 
and suitability for both aspiration and biopsy. 


Procedure: The child should be fastine for 3-4 hours before 
the procedure. The child is positioned prone with face 
tumed to aside and the pelvis stabilized by folding a sheet 
below it. Lf tibia is to be aspirated, the leg is slightly flexed 
at the knee joint Sedation with intravenous midazolam and 
ketamine is administered during continuous monitoring of 
vital signs and oxygen saturation. 

The site is Cleaned with chlorhexidine and betadine to 
include the lumbar spine, iliac crests and posterior iliac 





a D 


Fig. 29.10: Needles for bone momow aspiration and biopsy. 
(co) Jamshici needles; (b) Vim Siverman needle 
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spines (or for the tibial site, the entire leg up to the distal 
half of thich) and draped. The posterior superior iliac spine 
is located bt tracing the iliac crest backwards to its most 
prominent and elevated point. About 2 mL of 1% lidocaine 
Is IMmected subcutaneously into the periosteum. The bone 
marrow needle is held firmly in the dominant hand with 
the index finger placed over the needle to act as a guard. 
The needle is advanced perpendicularly into the identified 
area with bwisting motion till bone is felt. On advancing 
further, a ‘give way’ is felt that indicates that the needle is 
in the bone marrow. The stylet is removed and a 20 mL 
syringe attached. The piston is pulled to create negative 
pressure and aspirate slowly around 0.5 mL of marrow. The 
svringe is disconnected and the marrow placed on slides. 
To make a touch preparation, the marrow is spread on the 
slide bv placing another glass slide so as to smear the mar- 
row gently. Additional slides are prepared similar to a peri- 
pheral smear, using another glass slide at 30° angle to spread 
the marrow in a tongue-shaped projection on the slide. 

To perform marrow biopsv, the stylet is replaced and the 
needle withdrawn slightly. The needle is advanced 
through another site in the bone. Once the needle is lodged 
in the bone, the stvlet is removed and the needle advanced 
in rotatory motion through the marrow space. The needle 
is withdrawn and biopsy specimen placed in a vial con- 
taining formalin. Once theneedle is removed, local pressure 
is applied to allow bleeding to stop. Drapes are removed, 
the skin is cleaned and pressure bandage applied. 


Aspiration from the tibia is performed in a similar man- 
ner. The preferred site is medial to the tibial tubercle, one 
inch below thejoint line to avoid the growth plate. The bone 
cortex is thinner and the marrow space is reached more 
quickly than with the pelvic site. Obtaining a biopsy is often 
difficult as the marrow is more spongy. 


Complications: Bleeding and painat the aspirationsite are 
common. Bone injury with fractures of iliac bone and 
subcutaneous infections or osteomyelitis are rare. 


Liver Biopsy 

Indications: Liver biopsy is used to evaluate hepatic histo- 
logy in order to: (i) diagnose parenchymal liver disease (e.g. 
neonatal hepatitis, suspected metabolic liver disease); (ii) 
understand the cause of persistently abnormal liver tests: 
(iii) determine the etiology of focal or diffuse abnormalities 
onimaging studies; (iv) assess the prognosis of known liver 
disease (e.g. extrahepatic biliary atresia, autoimmune hepa- 
titis, chronic viral hepatitis); (v) determine response to 
therapeutic interventions; (vi) develop a treatment plan 
based on histology; and (vii) monitor effects of hepatotoxic 
drugs. Analysis of the biopsy specimen may include 
evaluation of histology, metal content, enzymatic assaVs 
and cultures for viral, bacterial, or fungal pathogen. 


Contraindications: Absolute contraindications include co- 
agulopathy,as suggested by low platelet count (<60.000/pL) 
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or prolonged prothrombin time (international normalized 
ratio >1.5),and an inability to remain still (with or without 
sedation). Relative contraindications Include anemia, 
peritonitis, marked ascites, high-grade billary obstruction, 
and a subphrenic or right pleural infection or effusion, 


Procedure: The biopsy may be performed pereutaneourly 
at bedside with or without ultrasound guidance, An 
ultrasound-guided biopsy carries lower risk of compll- 
cations and allows visualization of the liver and any lirgel 
lesions. Uncommonly, the biopsy is performed using, the 
transjugular route, laparoscopically or by wedge resection 
during laparotomy. Transjugular venous biopsy Is 
preferred in patients with severe coagulopathy, 

The child should be fasting for 4-6 hours, An 
intravenous line is secured and the child made to lie 
supine. The abdominal girth is measured at the umbilleus 
to allow subsequent comparisons. The lower border of 
liver is localized by palpation or percussion, and its 
position on the midclavicular line marked. 

During continuous monitoring of vital signs, sedation 
is administered. The site of biopsy is chosen based on the 
liver span. If the liver is palpable, a subcostal approach may 
be used. However, aright lateral transthoracic approach is 
most common, in which the needle is inserted in the ten th 
intercostal space in the midaxillary line, after confirming 
liver dullness. Local anesthesia is administered, The biopsy 
is usually performed using a spring-loaded semiautomatic 
biopsy gun (Fig. 29.11) of size 18 (infants) or 16 (children) 
gauge. The gun is loaded and its needle inserted through 
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Fig. 29,1); Sannlautotnatecd gun fat MAA A WHA AAS VK 4F/ 


Ihemarked Intercontal site just above thee berder of thee lerv0 
rib, soa8 lonvold injuring, the neurovat War brvasueS)er tire 
ning along the lower border of ibs, Te pusrerad bee phy ipicare tad 
carefully alony,a horizental plane toa depth at vibe hia Yjye 
way sensat lor ds fell upon rupture cof thie bayer capisbee, She 
Lip of the needle should rest just bersyernis thee caaprasder asic 
should move well with respiration, The gun is fired and the 
needle withdrawn quickly, Wena ple is transferred 10 vials, 
eg, formalin for histopathology. 

The blopsy pite in sealed with tincture jodine and pres 
sure dressing applied to prevent bleeding, ‘Thue child is 
monitored over the next 6-4 hours for tachycardia, 
tachypnea, hypotension and in¢reare in abdeminal girth 
and excessive pain, which may sugyent internal bleeding, 


Complications: Complications include intra-abdominal 
hemorrhage, biliary peritonitin, hepatic laceration, 
hemothorax, hemobilia, pneumothorax, yaNbladder or 
intestinal perforation and iatrogenic arteriovenous fistula. 
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Rational Drug Therapy 


INTRODUCTION 


Medications play an important role in protecting, main- 
taining and restoring health. Irrational and indiscriminate 
use may lead to toxicity and adverse reactions. It is better 
to use medications with which the physician is familiar. 
The expected benefits and side effects should always be 
kept in mind when prescribing. The principles of rational 
drug therapy can be summarized as: 
i, There should be a genuine indication for use of the 
medication. 
ii. Minimum number of appropriate, familiar and 
inexpensive agents of good quality should be used. 
iii. Drugs should be prescribed by their generic name. 
iv. Dosage should be optimum to achieve the desired 
benefits. 
v. It is desirable to administer medication, as far as 
possible, through oral route. 
vi. Adverse drug reactions should be anticipated, 
monitored and appropriately managed. 

True synergism is rare; an exception is cotrimoxazole 
(trimethoprim and sulfamethoxazole). A combination of 
antibiotics may be necessary when the causative agent is 
not known. Multidrug therapy is indicated to prevent 
resistance to individual drugs, during long-term 
management of tuberculosis and leprosy and to reduce 
toxicity of individual drugs. Bactericidal drugs act best 
when the organism is actively multiplying and should 
ideally not be combined with bacteriostatic drugs. 

Developmental and genetic factors affect the metabo- 
lism of drugs and thereby the response. Doses of drugs 
need to be modulated according to the individual responses. 
The dosages may vary in specific disease, e.g. pneumonia, 
meningitis, bacterial endocarditis and pyogenic arthritis. 

The drugs, required dose and important side effects 
have been tabulated alphabetically below for the easy 
reading and referral. Details on the following categories 
of drugs are provided elsewhere: Antiepileptic drugs 
(Chapter 19), antihypertensive agents (Chapter 16), 
antitubercular, antiretroviral and antileprosy drugs 
(Chapter 11). 
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The reader is advised to consult detailed prescribing 
information for each medication. 


Abbreviations: g gram; GI gastrointestinal; hr hour; IM 
intramuscular; IV intravenous; IO intraosseus; kg 
kilogram; m? square meter body surface; mg milligram, 
ug microgram, PO per oral; PR per rectal; q every; SC 
subcutaneous; T topical; wt weight; yr age in years; C/I 
contraindication; GERD gastroesophageal reflux disease. 


ANALGESICS, ANTIPYRETICS, NON-STEROIDAL ANTI- 


INFLAMMATORY DRUGS (NSAIDs) 


Non-Narcotic Analgesics 
Aspirin 


Acute rheumatic fever: 90-120 mg/kg/day PO q 4 hr 
Antipyretic dose: 30-60 mg/kg/day PO q 4-6 hr 
Kawasaki disease 80-100 mg/kg / day PO q6hrtill afebrile 
or for 2 weeks followed by 3-5 mg/kg/day PO q 24 hr fo: 
6-8 weeks until platelet count and ESR are normal. 

Side effects: Hypersensitivity, hypoprothrombinemic 
There is epidemiologic association between salicylate us: 
and Reye encephalopathy. Therefore, use of aspirin fo 
upper respiratory tract infections and fevers of undeter 


mined origin in children is not advisable. Salicylate 
should be avoided empty stomach. 


Poracetamol 


Antipyretic/analgesic: 40-60 mg /kg/day PO q 4-6 hr or 
15 mg/kg/dose PO q 4-6 hr; 5 mg/kg rut q r 0! 


Side effects: Skin rashes, hepatotoxicity, renal damage 


Ibuprofen 


Antipyretic/analgesic: 20-30 mg/kg/day PO q 6-8 hr or 
10 mg/kg/dose PO q 4-6 hr; maxtinth dose 40-60 mg/ 
kg /day 


Juvenile idiopathic arthritis: 30-79 me/ke/day PO q 
4-6 hr Siohre we 
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Closure of ductus arteriosus in neonates: 10 mg/ kg/day PO 
followed by 5 mg/kg/day q 24 hr for 2 days 
Side effects: Nausea, vomiting, rashes 


Naproxen 

Juvenile idiopathic arthritis: 10-20 mg/kg/day PO q 12 hr 
Analgesia -7 mg/kg/dose PO q S-12 hr (after meals) 
Side effects: Nausea, vomiting, rashes 


Diclofenac Sodium 


1-3 mg/kg/day PO q 8 hr 
Side effects: Gastric bleeding, ulcer 


Mefenamic Acid 

25 mg/kg/day PO q 6-8 hr 

Antipyretic dose: 5-8 mg/kg/dose 

Side effects: Gastric bleeding, rash, seizures 


Indomethacin 

1-3 mg/kg/day PO q 12-24 hr 

Dose for ductal closure depends on the age of the neonate 
(Table 30.1) 

Side effects: Oliguria, hypoglycemia, platelet dysfunction 


Table 30.1: Indomethacin dose (mg/kg) in neonates 


Age at first dose Ist 2nd 3rd 
<48 hours 0.2 0.1 0.1 
2-7 days 0.2 0.2 0.2 
>7 days 0.2 0.25 0.25 
Tramadol 


1-2 mg/kg q 4-6 hr up to maximum of 400 mg/day; avoid 
below 14 yr of age 
Side effect: Seizures, renal and hepatic dysfunction 


Narcotic Analgesics (Opioids) 


Fentanyl 

0.5-5 pg/kg/dose q 1-4 hr IV; may be administered as a 
continuous infusion 1-5 pg/kg/hr 

Potent narcotic analgesic; 0.1 mg dose possesses analgesic 
activity; equivalent to 10 mg of morphine. 

Side effects: Rapid infusion may cause chest wall rigidity; 
respiratory distress and respiratory arrest. 


Morphine 

0.1-0,2 mg/kg/dose q 4 hr (maximum 15 mg) [V/IM/SC 
Continuous infusion in neonates 0.01-0.02 mg/kg/hr, 
infants and children 0.01-0.04 mg/kg/hr 

Naloxone (0.01 mg/kg IV) is an antidote in case of 
Tespiratory depression. 


Side effects: Resplratory distress, increased intracranial 
pressure, seizures 

Contraindication: Respiratory failure, obstructive airway 
disease 


ANTIARRHYTHMICS 


Adenosine 

0.1 mg/kg/dose (initial maximum dose 6 mg) rapid IV 
(over 1-3 see); if no response in 1-2 min 0.2 mg/kg bolus 
To ensure that the drug reaches the circulation, administer 
directly into a vein with a three-way stop cock with 5-10 
mL of saline flush ready to push immediately; maximum 
single dose 0.25 mg/kg or 12 mg 

Side effects: Transient chest pain, dyspnea, flushing, 
bronchospasm. Carbamazepine and dipyramidole 
increase the toxicity /effect of adenosine. 


Atropine Sulfate 

0.01 mg/kg/dose SC or IV 

The dose can be repeated after 2 hr (max 4-6 times a day). 
Organophosphorus poisoning: 0.02-0.05 mg/kg every 10-20 
min until atropine effect, then q 1-4 hr for at least 24 hours 
Side effects: Dry mouth, blurred vision, tachycardia, urinary 
retention, constipation, dizziness, hallucinations, restless- 
ness 


Lidocaine Hydrochloride 


1 mg/kg/dose (maximum dose: 100 mg) slowly IV; repeat 
in 10-15 min for two times; maximum total dose 3-5 mg/ 
kg within the first hr; endotracheal dose is two to three 
times the IV dose. 

Continuous infusion 20-50 pg/kg/min IV/10 (do not 
exceed 20 pig/kg/min for patients with shock or CHF); 
administer 1 mg/kg bolus when infusion is initiated (bolus 
not given within previous 15 min) 

Side effects: Hypotension, seizures, asystole, respiratory arrest 


Phenytoin Sodium 


Arrhythmia: Loading 1.25 mg/kg IV over 3 min and repeat 
every 5-10 min to a maximum total dose of 15 mg/kg or 
until arrhythmia reverts or hypotension develops; 
maintenance 5-10 mg/kg/day PO q 12 hr 

Status epilepticus: Loading 15-20 mg/kg IV, do not exceed 
1-3 mg/kg/min, maintain with 5-8 mg/kg/day PO or 
IV gq 12-24 hr 

Side effects: Gum hypertrophy, hirsutism, hypersensitivity, 
megaloblastic anemia, osteomalacia, vestibulocerebellar 
syndrome 


Procainamide 

Arrhythmia: 3-6 mg/kg /dose over 5 mins, repeat q 5 min 
up to total of 15 mg/kg; IV infusion: 0.5 mg/kg/hr; oral 
50 mg/kg/day PO q 3 hr 
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Side effects: Thrombocytopenia, Coombs positive hemolytic 
anemia, lupus-like syndrome 
Contraindication: Heart block, myasthenia gravis 


Propranolol 

Arrhythmia: 0.01-0.25 mg/kg/dose; given as IV bolus over 
10 min (max 1 mg in infants; 3 mg in children), may repeat 
in 15 min and then q 4-8 hr 

Antihypertensive: 0.5-1 mg/kg/day PO q 6-8 hr 
Thyrotoxicosis: 2-4 mg/kg/day PO q 6-8 hr 

Tetralogy spells: 0.15-0.25 mg/kg/dose slow IV push, 


repeat g 15 min; 2+4 mg/kg/24 hr PO q 6-8 hr, increase 
to 4-8 mg/kg/day 


Infantile hemangioma: 1 mg/kg/day PO q 8 hr. Increase to 
2mg/kg/day PO q 8 hr after 1 week, if well tolerated 


Side effects: Increase in pulmonary resistance, fatigue and 
bradycardia 


Quinidine Sulfate 

Arrhythmia: Test dose 2 mg/kg PO followed by 30 mg/ 
kg/day PO g 6hr 

Malaria: Loading dose 10 mg/kg/day IV over 1-2 hr 
(maximum dose 600 mg) followed by 0.02 mg/kg/min 
(10 mg/kg/dose q 8 hr), 10 mg/kg/dose PO q 8 hr 

Side effects: Thrombocytopenia, anemia, tinnitus, hypo- 
tension, blood dyscrasias 

Contraindication: Heart blocks, congestive heart failure 


Verapaml! 
Arrhythmia: 0.1-0.3 mg/kg IV over 2 min 
Hypertension: 4-8 mg/kg/day PO q 8 hr 


Contraindication: Cardiogenic shock, AV block, children 
below 2 years of age 


AGENTS FOR MYASTHENIA 
Edrophonium Chloride 


Initial dose: 0.04 mg/kg dose IV, IM (maximum 1 mg 
<30 kg); if no response after 1 min, may give 0.16 mg/kg/ 
dose total of 0.2 mg/kg (maximum 5 mg for <30 kg) 


Side effects: Arrhythmias, bronchospasm 


Neostigmine Bromide 

Myasthenia gravis: Neonate 0.05-0.1 mg IM/SC, then PO 
1 mg 30 min before feed 

Children 1-3 mg/kg/day PO q 4-6 hr; 0.01-0.04 mg/kg 
IV/IM/SC q 2-3 hr 

Begin with lower dose and increase gradually till 
symptoms disappear. 

Side effects: Cholinergic crisis, bronchospasm, respiratory 
depression, hypotension, seizures, salivation, vomiting, 
diarrhea and lacrimation 

Contraindication: Urinary and intestinal obstruction 
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Pyridostigmine 

Infants of myasthenic mothers 0.05-0.15 mg/kg/dose; 
max dose 5 mg PO q 4-6 hr (benzyl alcohol-free 
formulation should be used for neonates) 

Children PO: 7 mg/kg/day in 5-6 divided doses; IM, IV: 
0.05-0.15 mg/kg/dose (maximum dose 10 mg) 

Side effects: Same as neostigmine 


Physostigmine 


Myasthenia: 0.001-0.03 mg/kg/dose IM, Sc, IV 

Repeat q 15-20 min to desired effect or maximum dose of 
20 mg 

Side effects: Same as neostigmine 


ANTIMICROBIALS 


ANTIVIR ROUBEALD 


Antibiotics 
Penicillins (Table 30.2) 


Penicillin may cause hypersensitivity reactions in about 
1% of individuals. Acute symptoms include urticaria, 
angioneurotic edema, anaphylactic shock, asthma, 
laryngeal edema and hypotension. Delayed reactions are 
fixed drug eruption, serum sickness, hemolytic anemia 
and recurrent arthralgia. Sodium and potassium content 
of penicillin G is 1.68 mEq per million units; large doses 
may cause seizures. Side effects specific to piperacillin 
additionally include impaired platelet aggregation and 
deranged liver function. The dosing for piperacillin needs 
to be adjusted in renal impairment. 


Cephalosporins (Table 30.3) 


Approximately 10% patients with penicillin hyper- 
sensitivity show allergy to cephalosporin; fatal 
anaphylaxis may occur. Oral cephalosporins cause gastro- 
intestinal symptoms such as loss of appetite, nausea, 
vomiting and diarrhea. Some parenteral cephalosporin: 
cause serious renal toxicity. 


Aminoglycosides (Table 30,4) 


Side effects: Aminoglycosides cause variable degrees of 
auditory and vestibular toxicity, and reversible kidney’ 
dysfunction. Rashes and drug fevers occur in about 5%. 
patients. Dosage should be reduced and interval betwevr 
dosages increased in patients with impaired renal 
function. Administration of aminoglycoside dose once in 


24 hours and as infusion reduces the risk of renal and 
auditory toxicity. 


Chloramphenicol (Table 30.5) 


Side effects: Idiosyncratic bone marrow depression. 
Hypersensitivity: fever, rash, angioneurotic edema; Gl 
disturbances. Neonates, especially premature, may show 
grey baby syndrome with abdominal distension, vomiting, 
refusal to suck and dyspnea; cyanosis, peripheral 
circulatory collapse and death, 
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. _ . 
"<< —- ==. 


Drug Dose (mg/kg/day) Route Schedule 
Penicillin G aqueous Neonate: 50000-200000 U/kg/day (higher dose for meningitis) —_1V 6-8 hr 
100,000—400,000 U/kg IV/ IM 4-6 hr 
Meningitis and endocarditis: 200,000-400,000 U/kg 
Benzathine penicillin Less than 6 years: 0.6 million units IM 3 weekly 
6 years and above: 1.2 million units 
Procaine penicillin G Neonates: 50,000 U IM 1-2 doses 
25,000—50,000 U maximum 
Phenoxymethyl penicillin V Infants: 62.5-125 mg/ dose PO 12 hr 
Children less than 6 years: 125 mg/dose 
6-12 years: 250 mg/dose 
Rheumatic fever prophylaxis: 250 mg 
Methicillin sodium 100 IM or IV 6 hr 
Oxacillin 50 PO or IV 6 hr 
Cloxacillin Child (<40 kg) PO or IV 4-6 hr 
Mild/moderate infections: 12,5—50 
Severe infections: 50-100 
Child (240 kg) and adult: 125-500 mg/dose PO 6 hr; 
Maximum dose: 2 g/24 hr 
Ampicillin 100-200 PO or IV 6 hr 
Meningitis and enteric fever: 200-400 IV 4-6 hr 
Amoxicillin 25-50 PO 8-12 hr 
Co-amoxiclav (amoxicillin + 25—40 PO 8-12 hr 
clavulanic acid) 75 of Amoxicillin IV 8 hr 
Ampicillin and sulbactam 150 IM, IV 8 hr 
(100 mg ampicillin and 
50 mg sulbactam) 
Carbenicillin 400-600 IV 6 hr 
Ticarcillin 200-400 IV 6-8 hr 
Ticarcillin (3 g) and 240-320 of ticarcillin IV 6-8 hr 
clavulanate (100 mg) 
Piperacillin 200-300 IV 4-6 hr 
IV 6 hr 


Piperacillin and tazobactam § 300-400 of piperacillin 


Macrol/des (Table 30.6) | 
Side effects: Diarrhea, nausea and abnormal taste; raised 
transaminases and cholestatic jaundice. Drug 
interactions are less with azithromycin. Use with 
terfenadine, astemazole or cisapride may result in 
arrhythmias. Clarithromycin causes less abdominal 


discomfort. 


Quinolones (Table 30.7) 

Side effects: GI upset, renal failure, insomnia, dizziness and 
seizures; no concerns of arthropathy. Inhibition of liver 
enzymes can result in elevated levels of theophylline. 
Other side effects include: Rash, photosensitivity, raised 
transaminases, neutropenia 


Sulfonamides (Table 30.8) 
Side effects: Blood dyscrasias, exfoliative dermatitis, serum 
sickness and drug fever 


ANTIFUNGAL AGENTS 


Amphotericin B 

Test dose 0.1 mg/kg IV; then start 0.25 mg/kg/day; 
increase by 0.25 mg/kg daily, until dose of 1 mg/kg/day; 
Dilute in 5% dextrose, saline; Protect from light 

Total dose should not exceed 30-35 mg/kg over 
4-6 weeks | 

Side effects: Febrile reactions, nephrotoxicity, hypokalemia, 
blood dyscrasias 
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Table 30.3: Cephalosporins ¥ 


Drug | Dose (mg/kg/day) 
First generation cephalosporins 
Cephalexin 25-50 (recommended for community 


acquired pneumonia) 
Cofazolln (maximum 50-100 
600 mg/24 hr) 
Cotadroxil (maximum 2 9/24 hr) 30 


Second generation cephalosporins 
Cafaclor (maximum 2 9/24 hr) 20-40 
Cafuroxime 50-100 
20—40 (enteric fever) 


Third generation cephalosporins (high CSF concentrations: widely used in meningitis) 
Cefdinir (maximum 14 


600 mg/24 hr) 

Coiditoren 3-10 

Cofotaxime 100-150 
200 mg/kg/day IV q 6 hr in meningitis 

Cefoperazone 100-150 

Cefoperazone, sulbactum 40-80 

Cefprozil 15-30 

Ceftriaxone 125 mg single dose (prophylaxis for Neisseria meningitides) 
25-50 (ophthalmia neonatorum) 
50-75 
100 (meningitis) 

Ceftazidime 100-150 

Ceftizoxime 100-200 

Cefixime 8-10; enteric fever: 20 

Fourth generation cephalosporins 

Cefpirome 30-60 

Cefpodoxime 8-10 

Cefepime 22 months: 100-150 mg/kg/day 


<2 months: 60 


Table 30.4: Aminoglycosides 


Route 


PO 
IM or IV 


PO 


POg 
IM or IV 
PO 


Common 
route 


PO 
IM or IV 


Drug Dose (mg/kg/day) Route Schedule Dose 

Streptomycin 15-20 IM 24 hr (mg/kg/day) 

(max 1 g) 50-75 

Gentamicin 5-7,.5 IM, IV 8-24 hr 100 

Amikacin 15-20 IM, IV 24 hr Ointment available as 0.5 and 1% 
Tobramycin 5-7.5 IM, IV 8-12 hr 

Netilmicin 5-7.5 IM, IV 12-24 hr 

Kanamycin 15-20 (infusion) IM, IV 8-12 hr 


Table 30.6: Macrolides 


Drug Dose (mg/kg/day) 
Erythromycin 30-50 
Azithromycin Otitis media: 10 on day 1; then 5 on day 2-5 


Enteric fever; 20 (7-10 days) 

Pertussis 

<6 months: 10 (5 days) 

>6 months: 10 on day 1 then 5 on day 2-5 


Clarithromycin 15 
Maximum dose: 1 9/24 hr 


Route 
PO 
PO 


PO 


Schedule 


6-8 hr 
6-8 hr 


12 hr 


6—8 hr 
6-8 hr 
12hr 


12 hr 


12 hr 
8—12 hr 
6 hr 
8-12 hr 
12 hr 
12 hr 


12 hr 
12-24 hr 
12 hr 
8-12 hr 
6-8 hr 
12 hr 


12 hr 

12 hr 

12 hr; 8 hrin 
meningitis, febrile 
neutropenia, 
serious infections 


Table 30.5: Chloramphenicol 


Schedule 


6 hr 
6 hr 


Schedule 
6-8 hr 
24 hr 


12 hr 


Drug 
Nalidixic acid 


Ciprofloxacin 


Gatifloxacin 
Norfloxacin 
Levofloxacin 


Ofloxacin 


Sparfloxacin 


Sulfonamide 
Cotrimoxazole 


Aztreonam 


Clindamycin 


Colistin sodium 


Imipenem 
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Table 30.7: Quinolones 
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Dose (mg/kg/day) Route Schedule 

50—60 PO 8 hr 

UTI prophylaxis: 30 PO 12 hr 

20-30; max 1.5 g/day PO 12 hr 

10—20; max 800 mg/day IV 12 hr 

10 PO 24 hr 

10-15 PO 12 hr 

10-15 

6 mo—<5 yr: 20 PO/ IV 12hr 

5-12 yr: 10; max 500 mg/24 hr PO/ IV 24 hr 

15 PO 12 hr 

5-10 IV 12 hr 

4 PO 24 hr 
Table 30.8: Sulfonamides 

Dose (mg/kg/day) Route Schedule 

100-150 PO, IV 8 hr 

Trimethoprim 5-8; sulfamethoxazole 25-40 PO, IV 8-12 hr 


Enteric fever: Trimethoprim 10 


Pneumocystis pneumonia: Trimethoprim 20 
Prophylaxis 


Pneumocystis: Trimethoprim 5 mg/kg alternate day 


Urinary infections: 1-2 


Table 30.9: Miscellaneous antibiotics 


Dose (mg/kg/day) Route Schedule 
90-120 IV, IM 6-8 hr 
Cystic fibrosis: 150-200 
10-30; max 1.8 g/day PO 6 hr 
25-40 IV 6 hr 

IV 12 hr 
50,000 to 75,000 IU IV 6 to 8 hr 
2.5—-5 mg/kg/day 
1 mg colistin base 
= 30,000 IU 
1 mg colistimethate 
sodium = 12500 IU 
0O—4 wk old and <1.2 kg: 50 IV 12 hr 
<1 wk old and 21.2 kg: 50 12 hr 
>1 wk old and 21.2 kg: 75 8 hr 
Child (4 wk-3 mo): 6 hr 
100 mg/kg/ day IV q 6 hr 
Child (>3 mo): 60-100; 6 hr 
Maximum 4 9/24 hr; 
Cystic fibrosis: 90; 6 hr 


Maximum 4 9/24 hr 


Major side effects 


Low cross antigenicity with beta lactams, thrombo- 
phlebitis, leukopenia, eosinophilia,neutropenia, 
hypotension, seizures 

Adjust dose in renal impairment 


Pseudomembranous colitis, rash, Stevens-Johnson 
syndrome, neutropenia, thrombocytopenia 


Dizziness, paresthesia, nephrotoxicity and neuro- 


toxicity : | 


Pruritus, urticaria, seizures, dizziness, hypotension, 
elevated liver enzymes 
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- Table 30.9: Miscellaneous antibiotics (contd.) 





Dose (mg/kg/day) Route Schedule Major side effects 
Meropenem Neonatal sepsis IV 8 hr Nausea, vomiting, rarely seizures 
Meningitis: 40 mg/kg/ 
dose 
Faropenem 200 increased to 300 PO 8-12 hr Diarrhea, abdominal pain, loose bowel movement, 
nausea, and rash; safety in infants not established 
Ertapenem 15-30 IV/IM 12 hr Not approved for children less than 3 months, 
diarrhea, nausea, headache 
Vancomycin 30-45 in neonate (dosage IV 6-8 hr Ototoxicity and nephrotoxicity (exacerbated with 
and frequency varies with concomitant aminoglycosides); adjust dose in renal 
gestation age); 40-60 failure 
Linezolid 10 mg/kg/dose lV 12 hr Dysgeusia, constipation, diarrhea, dizziness, 
PO 8-12 hr headache, anemia, leukopenia, thrombocytopenia 
Teicoplanin 10 mg/kg 12 hr for 3 doses; IV, IM 24 hr Long half life. Less nephrotoxic; less catheter-related 
then 6-10 phlebitis 
Tigecycline 1.2 mg/kg/dose IV 12 hr Hypersensitivity reactions, deranged liver function 
(Max dose 50 mg) Use with caution in below 8 yrs 
Nitrofurantoin 5-7 PO 6 hr Dizziness, hypersensitivity, icterus, interstitial 


Prophylaxis: 1-2 


Liposomal Amphotericin B 

Systemic fungal infections: 3-5 mg/kg/dose; 24 hr; 
Cryptococcal meningitis in HIV: 6 mg/kg/day IV q 24 hr 
Side effects: Fever, flushing, chills, loss of appetite, nausea, 
headache, shortness of breath 


Flucytosine 

50-150 mg/kg/day PO q 6 hr 

Side effects: Neutropenia, thrombocytopenia, colitis, 
hepatotoxicity 


Griseofulin 

10 mg/kg/day; PO q 12 hr; double dose for extensive 
lesions 

Microsize: Children >2 yr: 20-25 mg/kg/day q 8-12 hr 
Ultramicrosize: Children >2 yr: 15 mg/kg/day q 8-12 hr 
Side effects: Urticaria, paresthesia, proteinuria, leukopenia, 
photosensitivity; multiple drug interactions 


Fluconazole 

Loading dose 10 mg/kg IV/PO, then maintenance 6 mg/ 
kg/day q 24 hrIV/ PO 

Side effects: Dizziness, skin rash, hepatic dysfunction; drug 
interactions 


ketoconazole 


Oral: Child 22 yr: 3-4 mg/kg/day q 24 hr; maximum dose: 
800 mg/day q 24 hr; Topical: 1-2 applications/24 hr. 
Shampoo (dandruff): Twice weekly with at least 3 days 


pneumonitis, nausea, vomiting 


between applications for up to 8 weeks, thereafter, 
intermittently as needed to maintain control. 
Suppressive therapy against mucocutaneous candidiasis 
in HIV: Child: 5-10 mg/kg/day PO g 12-24 hr; maximum 
dose: 800 mg/day q 12 hr. 

Side effects: Abdominal pain, headache, dizziness, somno- 


lence, photophobia, thrombocytopenia; gynecomastia; 
drug interactions. 


Itraconazole 


3-5 mg/kg/day (oral thrush); 5-10 mg/kg/day 
(histoplasmosis); maximum 400 mg/day. Prophylaxis: 
2-5 mg/kg/dose; PO g 12-24 hr 

Side effects: Hearing loss, arrhythmia, hepatotoxicity; use 
cautiously in patients with liver disease, cardiac dysfunction 


Nystatin 
1-2 million units/day PO q 8 hr for diarrhea due to Candida 
albicans 

Mucosal application: Dissolve 100,0 
glycerine 


Side effects: Gastrointestinal disturbance 
syndrome 


00 units nystatin per mL 
Stevens-Johnson 


Voriconazole 


>12 ys: 6 mg/kg/dose IV fo, 2 doses q 12 hr, then 
3-4 mg/kg/dose IV q 12 hr; oral: 3-5 mg kg, /dose q 12 hr, 
2-11 yr: 9 mg/kg/dose IV 2 doses q 12 hr, then 8 mg/kg/ 
dose IV g 12 hr 
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Prophylaxis in pediatric leukes 
for 2 doses followed by m 
Side effects: Blurred vision, 
hepatic impairme 


nia: 6 mg/kg/dose PO q 12hr 
aintenance of 4 mg/kg q 12 hr. 
photophobia, photosensitivity; 
nt; flu-like symptoms 

Caspofungin 


Caspofungin <3 months: 25 mg/m?2/dose (maximum 
50 mg) once daily; older children: 70 mg/m? IV on day 1, 
followed by 50 mg/m? IV once daily (maximum 70 mg) 


Side effects: Elevated transaminases; diarrhea, vomiting; 
flu-like symptoms; rash 


To be used cautiously in patients with liver disease 
Clotrimazole 


Topical application for skin q 12 hr for 4-8 weeks; thrush 


>3 yr: Dissolve slowly (15-30 min) one troche in the mouth 
5 times/day x 14 days 


Side effects: Erythema, blistering 


ANTHELMINTHICS 

Albendazole 

1-2 yr 200 mg single dose; >2 yr and adults 400 mg single 
dose; repeat after two weeks for roundworm 
Strongyloides/H. nana/Taenia: 300 mg PO q 24hr for 3 days. 
Giardiasis: 400 mg PO q 24 hr for 5 days 

Hydatidosis: 400 mg PO q 12 hr for 28 days: Repeat every 
two weeks for 3 cycles 

Neurocysticercosis: 15 mg/kg/day PO q 12 hr for 7 days 
(with corticosteroids) 

Side effects: Anorexia, vomiting 


Diethyicarbamazine Citrate 

Filariasis: 6 mg/kg/day q 8 hr for 2 weeks 

Tropical eosinophilia: 10 mg/kg/day; PO q8 hr for 1 month 
Loeffler syndrome: 15 mg/kg single dose for 4 days 

Side effects: Gastrointestinal upset, drowsiness 


Vvermectin 


Dose 200 pg/kg PO single dose 
Contraindication: In children, <5 yr old 


Mebendazole 


100 mg; PO q 12 hr for 3 days; repeat after two weeks 
Side effects: Pain abdomen, vomiting, diarrhea, headache 


Praziquante! 


Neurocysticercosis: 50 mg/kg/day q 8 hr; PO for 10-14 days. 
Tapeworms: 10-20 mg/kg single dose : 

Liver fluke infestation: 75 mg/ kg/day q 8 hr for 2 days © 
Side effects: Headache, vertigo, Gl disturbance, urticaria, 


myalgia 
Pyrantel Pamoate 


10 mg/kg of pyrantel base; PO single dose with a 
maximum of 1 g; repeat after one week 


Thlabendazole 

50 mg/kg/day PO q 12 hr up to a maximum dose of 
3 g/day 

Duration of therapy for strongyloides 2 days, intestinal 
nematodes 2 days, cutaneous larva migrans 2-5 days, 
visceral larva migrans 5-7 days and trichinosis 24 days. 
Side effects: GI disturbance, cholestasis, keratoconjunctivitis 
sicca, xerostomia, headache, giddiness 


ANTIMALARIALS 
Refer to Chapter 11. 


ANTIPROTOZOAL 


Chloroquine 
10 mg/kg/day; PO q 8 hr for 14-21 days for extraintestinal 
amebiasis 


Malaria treatment: Infant and child: 10 mg/kg/dose 
(maximum dose: 600 mg/dose) PO once; followed by 
5 mg/kg/dose; Maximum dose: 300 mg/dose at 6 hr and 
then once daily for 2 days 


Side effects: Nausea, vomiting, itching 
IV administration has been reported to cause hypotension, 
arrhythmias, cardiac depression 


Diloxamide Furoate 

Luminal amebic infection, cysts: 20 mg/kg/day PO q 
8 hr for 10 days 

Side effects: Nausea and flatulence 


Dehycroemetine Dihydrochlioride 

1-3 mg/kg/day; PO q 8 hr for 10-15 days or 1 mg/kg/ 
day IM for 7-10 days 

Side effects: Renal and cardiac toxicity 


Metronidazole 


Giardiasis: 10 mg/kg/day; PO q 8 hr for 10 days 
Amebiasis: 20 mg/kg/day; PO q 8 hr for 21 days or 
50 mg/kg/day; PO q 8 hr for 7 days 

Side effects: Diarrhea, leukopenia, metallic taste 


Pentamiaine 

Leishmaniasis: 4 mg/kg/day IM or slow IV infusion daily 
dose for 12-15 doses 

A second course may be given after 2 weeks 


Side effects: Breathlessness, tachycardia, dizziness, fainting, 
headache, vomiting 


Secnidazole 
30 mg/kg; PO single dose; hepatic amebiasis treatment 
for 5 days 


Side effects: Nausea, gastritis, metallic taste, rarely 
leukopenia and peripheral neuropathy 
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Sodium Stibogluconate 


Cutaneous leishmaniasis: 20 mg/kg/day IM/TV for 20 days; 
mucocutaneous leishmaniasis and systemic infection: treat 
for 30 days 


Side effects: Nausea, vomiting, prolonged QT interval 


Tinidazole 

50 mg/kg/day PO for 2-3 days 
Giardiasis: 50 mg/kg single dose 

Side effects: Same as for metronidazole 


Nitazoxanide 
1-4 yr: 100 mg; PO q 12 hr for 3 days 


4-12 yr: 200 mg; PO q 12 hr for 3 days 


Side effects: Gastrointestinal disturbance, discoloration of 
urine, headache 


ANTIVIRAL AGENTS 


Antiretroviral Drugs 
Refer Chapter 11 


Aciclovir 
HSV encephalitis >3 months, 20 mg/kg/dose IV q 8 hr; 
21 days 


Neonatal herpes simplex: <35 weeks-post-conceptional age 
40 mg/kg/day IV q 12 hr 14-21 dayse 235 weeks post- 
conceptional age: 60 mg/kg/day IV q 8 hr 1421 days 
Herpes simplex: 1500 mg/m?/day IV q 8 hr 

Varicella zoster: (>2 yr) 30 mg/kg/24 hr or 1500 mg/m?/ 
day q 8hr IV x 7-10 days (22 yr), 80 mg/kg/day q 6 hr 
PO x 5 days (benefit if within 24 hr of onset of rash) 
maximum dose 3200 mg/24 hr 

Adolescents: 800 mg PO q 6 hr for 7 days 
Immunocompromised hosts: 1500 mg/m/*/day IV q 8 hr for 
7-10 days 

Side effects: Seizures, congestive heart failure, urinary 
retention, leukopenia 


Ganciclovir 


10 mg/kg/day IV q 12hr for 1421 days; long term 6 mg/ 
kg/dose once daily for 5 days in a week 
Side effects: Bone marrow depression, rash, fever, vomiting 


Valganciclovir 

450 mg/m?/day or 30 mg/kg/day for 14-21 days 

Side effects: Cytopenias, cholestasis, tremors, nausea, 
vomiting 

lsoprinosine 

Subacute sclerosing panencephalitis: 50-100 mg/kg/day 
PO q 12 hr 

Side effects: Use cautiously in renal dysfunction 


INTERFERONS 


Interferon Alpha | 
Chronic hepatitis B: 3-10 million units/m? thrice a wee, 


SC for 24 weeks | -_s 
Chronic hepatitis C: Same dose with oral ribavirin fo, 


24 weeks for genotypes 2 and 3; for 48 weeks for genotypes 


land 4 

Peg-IFN-2a: 180 pg/m* weekly (may be used for children 
with hepatitis B although it is approved for use Only for 
the treatment of children with chronic hepatitis ¢, 
Treatment duration is 48 weeks) 

Side effects: Flu-like symptoms, headache, body ache, 
malaise, fever and chills; Angioedema, urticaria, skin 
blistering or peeling; bone marrow depression; mood 
disorders; sepsis; seizures; arrhythmia; arthritis 





ANTICANCER DRUGS 
Refer Chapter 21 


ANTICOAGULANTS 


Heparin 


Heparin IV: 50 U/kg bolus; followed by 10-25 U/ke/hr 
as infusion or 50-100 U/kg/dose q 4 hr, 25-50 U/kg =Cq 
12 hr 


Antidote: Protamine sulfate (1 mg neutralizes 1 mg hep2rin). 


Side effects: Rash, alopecia, excessive bleeds, thrombo- 
cytopenia 


Enoxaparin 


Infants <2 months: Prophylaxis: 0.75 mg/kg/dose q |2 hr; 
Therapy: 1.5 mg/kg/dose q 12 hr 


Older children: Prophylaxis: 0.5 mg/kg/dose q 12 hr: 
Therapy: 1 mg/kg/dose q 12 hr 


Dosage titration with antifactor Xa level 

Side effects: Bleeding, hypertension; use cautiously in 
patients with renal disease ; 
Warfarin 


0.05-0.34 mg/kg/day; PO 


Adjust dose to maintain internation i i 
fernational normalized rato 
(INR) 2-3 


Side effects: Bleeding, epistaxis, internal hemorrhage 
ANTICONVULSANTS _ 
Refer Chapter 19 
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ANTIDOTES 
DO Se 
Table 30.10. 
Ipecac syrup is used to induce vomiting. 
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Drug 
Ipecac syrup 


Deferoxamine 


Dimercaprol 

Edetate calcium disodium 
Methylene blue 

Naloxone 


Penicillamine 


Pralidoxime 


Table 30.10: Antidotes 


Dosage 

Infants 5-10 mL/dose; others 15-20 mL/dose. 
Do not use in semicomatose child or after 
charcoal administration 


Acute iron poisoning 

15 mg/ko/hr IV or 

50 mg/kg/dose IM q 6 hr 

Maximum dose: 6 9/24 hr 

Chronic iron overload: 

IV: 15 mg/kg/hr; maximum dose: 6 9/24 hr 
SC: 20-40 mg/kg/dose once daily as infusion 
over 8-12 hr; maximum dose: 2 9/24 hr 


2.5 mg/kg PO q 4 hr on first day, q 6 hr on next 
2 days, q 12 hr for 10 days; and g 24 hr for 10 days 
12.5-30 mg/kg/dose IV q 12 hr for 5 days 


1-2 mg/kg/dose IV (in 5 min), if needed then repeat 
after 1 hour 


0.1 mg/kg/dose IM/IV; repeat if needed (maximum 2 mg) 
Wilson disease: 20-40 mg/kg/day PO q 6-12 hr; 
maximum dose 1 gm/day 

Organophosphate poisoning: 25-50 mg/kg IM or IV as 
5% solution over 15-30 min 

Dose may be repeated at 1-2 hr and then at 10-12 hr 
intervals, if cholinergic signs recur 
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Side effects 


Diarrhea, vomiting, Irregular heart beat, 
weakness, unusual tiredness 


Hypotension, shock, cramps, diarrhea. 
Contraindicated In renal failure 


Burning sensation, muscle aches, fever, 
hemolysis in G6PD deficiency 


Proteinuria and hematuria 


Abnormal urine or stool color. 
Dizziness, headache, increased sweating 
and nausea 

May cause opioid withdrawal symptoms 
Nephrotic range proteinuria, hepatotoxic, 
leukopenia, thrombocytopenia 

Nausea, hypertension, dizziness 


Continuous infusion 10-20 mg/kg/hr following loading dose 


ANTIEMETICS AND GASTROINTESTINAL MEDICATIONS 


Domperidone 

0.2-0.5 mg/kg/dose PO q 6-8 hr; do not exceed 2.4 mg/ 
kg/day or 80 mg 

Side effects: Extrapyramidal disorders; angioedema, 
urticaria; rarely agitation, nervousness, arrhythmias, 


gynecomastia, amenorrhea 


Metoclopramide 
0.1-0.2 mg/kg/dose q 6-8 hr orally or IV; maximum dose 


10 mg 
Side effects: Extrapyramidal disorders including oculogyric 


crisis, tardive dyskinesia, dystonia, drowsiness 


Ondansetron Hydrochloride 
IV: 0.15-0.2 mg/kg/dose q 8-12 hr; Oral: 1.2-4 mg/dose 


q 8-12 hr 
Side effects: Headache, diarrhea, constipation, fever, rash 


Promethazine Hydrochloride 
Nausea, vomiting, sedation: 0.25-1 mg/kg/dose PO/IM/ 


IV/PR q 4-6 hr 
Motion sickness: 0.5 mg/kg/dose PO q 12 hr. Max dose: 25 mg 


Promethazine Theoclate 

Antiemetic: Not approved for children below 2 yr 
Children 2-5 yr: 5 mg q 6-8 hr; maximum daily dose 15 mg 
Children 6-12 yr: 10 mg q 6-8 hr; maximum daily dose 25 mg 
Motion sickness; administer 1-2 hr before travel 


Side effects: Sedation, drowsiness, dry mouth, anorexia, 
blurred vision; rarely fever, jaundice, tremors, tinnitus, 
seizures, hallucinations and anxiety 


Ranitidine 


2-5 mg/kg/day; PO, IM or IV q 12 hr 
Side effects: Headache, renal impairment 


Famotidine 
1-1.2 mg/kg/day, PO q 12 hr; maximum daily dose 
40 mg 


Omeprazole 

5-10 kg: 5 mg q 24 hr 

10-20 kg q 24 hr: 10 mg q 24 hr 

>20 kg: 20 mg q 24 hr 

Side effects: Headache, dizziness, confusion, light headed- 
ness, tiredness 
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LONSOPTAZOIG 

lmy/ky/day In asingle dose or 2 divided doses for GERD 
In Infanin 

eM) kp: 15 mp, 230 ky: 30 mg 

Side effects; Well tolerated, side effects as omeprazole 


Suorallala 

T month2 yr: 250 mg PO 4-6 hr; 2-12 yr: 500 mg 4-6 hr; 
12-14 yrs ly 4-6 hr 

Side effects; Constipation, headache, dizziness, insomnia, 
vomltlny 


Laciulose 

Conatipation;s 1-2 mL/kg/dose in hepatic coma and 
constipation 

<2 yr 2.5 mL./day PO, PR q 12 hr 


>2 yr 5-10 ml PO/ PR q 12 hr; adult dose: 10-15 mL gq 12- 
24 he 


Sile effecta: Diarrhea 


Bisacody! 

5-10) mg bedtime; PO (Max—30 mg/day); Rectal supposi- 
lory: 2=11 yr: 5-10 mg; >11 yr: 10 mg 

Side effects; Abdominal pain, diarrhea, muscle pain, 
dizziness 


Vasopressin 


Catecholamine refractory septic shock: 0.3-2.0 mU/kg/ 
minute IV infusion 


Diabetes insipidus; 2.5-10 U SC/IM q 6-12 hr; 0.5-10 mU/ 
kg/hr IV infusion 


Bleeding esophageal varices: 20 U IV over 15 min, then 
0,2 U/min or 0.33 U/kg/hr 


Side effects: Hypertension, water intoxication, hypo- 
natremia 


ANTIHISTAMINICS 


Astemizole 


0.2 mg/kg/day taken half-hr before meals; not 
recommended <6 yr 
Side effects: Weight gain with prolonged use 


Certrizine 


6 months-2 yr: 2.5mg PO once daily; 2-5 yr: 2.5 mg PO 
once daily, dose may be increased to 5 mg q 12-24 hr; 
26 years: 5-10 mg ; PO q 24 hr 


Side effects; Drowsiness, dry mouth and nose 


Levocetrizine 


1-6 years: 0,125 mg/kg/day PO q 24 hr; 
>6 years: 2.5 mg/day PO q 24 hr 


Side effects: Headache, muscle ache, sleepiness, sore throat 
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Clamastine 

1-3 yr; 0.25-0.5 mg q 12 hr 

3-6 yr: 0.5 mg g 12hr 

6-12 yr: 0.5-1 q 12 hr 

312 yr: 1 mg q12hr 

Contraindication: Patients with ventilator failure 
obstructive airway disease 


Chlorpheniramine Maleate 


0.35 mg/kg/day PO q 4-6 hr; 2-5 yr: 1 mg/dose PO g 
4-6 hr; maximum dose: 6 mg/24 hr; 6-11 yr: 2 mg/dose 
PO g4-6 hr; maximum dose: 12 mg/24 hr; sustained release 
(6-12 yr); 8 mg/dose PO q 12 hr 

Side effects: Hypotension, sedation, urinary retention, oculo- 
gyric spasms with high doses and after a few days of 
therapy } | 


Diphenhydramine Hydrochloride 
5 mg/kg/day q PO 6hr oral; maximum daily dose 309mg 
Anaphylaxis or phenothiazine, overdose: 1-2 mg/kg IV slowly 


Side effects; Dizziness, drowsiness, loss of co-ordination, 
dry mouth, nose or throat 


Fexofenadine 


<12 yr: 30 mg PO q 12 hr; >12 yr: 60 mg PO q 12 hr or 
120 mg once daily 
Side effects: Nausea, diarrhea, drowsiness, headache 


Hyoroxyzine Hydrochloride 

2 mg/kg/day PO q 6 hr; 0.5-1 mg/kg/dose q 4-6 1 IM 
Side effects: Swelling over face, tremor, confusion, se‘zure 
Loratadine 

3-12 yr 5 mg/day; >12 yr: 10 mg/day 

Side effects: Diarrhea, epistaxis and flu-like symptoms 
Methallazine Hydrochloride 


>3 yr: 4 mg q 6-12 hr 


Side effects: Sedation, urinary retention, leukopenia, 
agranulocytosis, glaucoma 


Pseudoephedrine 

<12 yr: 4 mg/kg/ day PO q 6-8 hr oral; >12 yr: 30-60 mg/ 
dose q 6-8 hr; maximum daily dose 240 mg 

Side effects: Headache, tachycardia and tremor 


ANTIHYPERTENSIVES 

Amlodipine 

0.1-0.2 mg/kg/dose (maximum dose 5 mg) PO q 24 bt: 
increase to 0.6 mg/kg/dose up to 29 mg /24 hr 


Side effects: Edema, dizziness, flushing, palpitations 
reduce dose in hepatic insufficiency 
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Atenolol 


0.5-2 mg/kg/day PO q 12-24 hr 
Side effects: Dizziness, light headedness, tiredness, and 
nausea. C/I in pulmonary edema, cardiogenic shock 


Captopril 
Infant <6 months 0.01-0.5 mg/kg/dose PO q 8-12 hr, 
maximum dose 6 mg/kg/24 hr 


Side effects: Dizziness, lighthead edness, or loss of taste, dry 
cough 


Clonidine 


5-7 yg/kg/day q 6-12 hr, increase at 5-7 day interval to 
5-25 pg/kg/day q 6 hr 


Side effects: Dry mouth, dizziness, drowsiness, fatigue, 
rebound hypertension 


Labe7o/lo/ 


3-10 mg/kg/day PO q 12 hr after meals 

Hypertensive crisis 0.25-1 mg/kg IV over 2 minutes, 
repeat after 5 minutes; may be administered as a 
continuous infusion (0.4-3 mg/kg/hr. 

Side effects: Hypoglycemia, worsening asthma 


Nitroprusside Sodium 


(Solution is light sensitive) 

0.3-0.5 pg/kg/min infusion with blood pressure 
monitoring, maximum dose 8-10 pg/kg /min; titrate dose 
to desired effect 

Side effects: Tachycardia, hypotension, acidosis 


ANTITOXINS AND IMMUNOGLOBULINS 


Antl-Rh D Immunoglobulin 

Antenatal prophylaxis: 300 yg IM at 28 weeks and 34 weeks 
gestation; or single dose within 72 hr of delivery 

Twin pregnancy: Double the dose. Abortion, evacuation, 
trauma 

Other procedures (chorionic villus sampling, amniocentesis, 
external cephalic version): 250 pg IM 

Side effects: Local site reactions (pain, discomfort, or tender- 
ness), fever, joint or muscle pain, headache, dizziness, weak- 
ness, tiredness, itching, skin rash, nausea, diarrhea, vomiting 


Antl-snake Venom 
Mixture of four enzyme-refined, lyophilized, polyvalent 
anti-snake venom (common Krait, cobra, Russell anti- 


snake venom) 
5 vials (50 mL) for mild, 5-15 vials for moderate, 15-20 


vials (150-200 mL) . : 
For severe features; smaller children may require 50% 


more dose. . 
"Exclude horse serum allergy (0.02 mL of 1:10 diluted 
antivenin intradermally); then infuse antivenin diluted in 


250 mL N/5 saline (20 mL/kg/hr) 


Use steroids and antihistamines in addition 
Side effects: Serum sickness, anaphylaxis 


Diphtheria Antitoxin 

(Antitoxin is diluted 1:20 in isotonic saline and 
administered at 1 mL/min) 

Schick test positive: One dose of diphtheria toxoid; 
diphtheria antitoxin 500-2000 units IM in other arm 
Second and third doses of toxoid are given at 4-6 week 
intervals for active immunization 

Dose is not related to patient age and weight 
Pharyngeal or laryngeal diphtheria of 48 hr duration: 
20,000-40,000 units IV 

Nasopharyngeal diphtheria: 40,000-60,000 units IV 
Extensive disease of >3 days duration with neck swelling: 
80,000—-120,000 units IV 

Side effects: Coagulopathy, thrombocytopenia; contra- 
indicated in IgA deficiency 


Human Normal Immunoglobulin 

Attenuation of disease among contacts of measles: 0.25 mL/ 
kg IM within 6 days of exposure 

Hepatitis A: 0.02-0.04 mL/kg/IM 

Side effects: Coagulopathy, thrombocytopenia; contrain- 
dicated in IgA deficiency 

Hepatitis B (hepatitis B immunoglobulin): 0.06 mL/kg IM, 
maximum 3-5 mL within 7 days of exposure 

Human rabies specific immunoglobulin 

If presents within 24 hr: 20 units/kg; one-half infiltrated 
at site of bite, other half IM in gluteal region 

If presents between 1 and 7 days: Total dose given IM 
Rabies vaccine is administered simultaneously 

Side effects: Headache, vomiting, chills, rash 


Human Tetanus Specific Immunoglobulin 

Prophylactic: 250 IU IM; therapeutic: 30-300 IU/kg IV; 
intrathecal: 250-500 IU single dose 

Side effects: As above 


Intravenous Immunoglobulin (VIG) 

Primary immunodeficiency: 400-500 mg/kg IV infusion 
every 3-4 weekly 

Intravenous immunoglobulin (IVIG): 0.4 g/kg IV infusion 
daily for 5 days; 1 g/kg/day for 2 days or 2 g/kg in one 
day as IV infusion over 10-12 hr as single dose 

Side effects: Hypersensitivity reactions 


Tetanus Antitoxin 
Prophylactic: 3,000-5,000 U SC, IM; Therapeutic: 10,000 U 


IM, IV 
Intrathecal: 250-500 U q 24 hr for 3 day 


Side effects: Serum sickness, anaphylaxis 
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Varicella Zoster Immunoglobulin Fluticasone Proplonate 

125 U/kg IM within 48-72 hr of exposure to varicella MDI 25, 50, 125 He/palt rotacaps: 50, 100, 200 pg/puff. 
Side efects: Pain at injection side, hypersensitivit 100-1000 pg/day q 14 hr 

Side effects: Pain at injection side, hypersel y Side offecs: Hoarseness, shrcat irtitatiofy headache, dryness 
BRONCHODILATORS, RESPIRATORY STIMULANTS AND in mouth/nose/ throat, cough 

ANTI-ASTHMA AGENTS 


== Ipratropium Bromide 


MDI 20 ig/puff: 2-4 puffs as needed 
0.01 mL/kg/dose (max 0.5 mL/dose) of 1:1000 solution —_Rotacap 40 yg/cap: 1-2 cap as needed 


Aarenaline 


SC, repeat atter 15-20 min Raspules 0.5 mg/2 mL, <1 yr: 125 pg/dose; >1 ye 
For resuscitation, 0,1-0.3 mL/kg/dose (1:10000) IV 250 pg/dose, na eet 7 minutes for 1 hr (during 
ide effects: Tachycardia, palpitations 2 exacerbation); then q r ; 
Side effects: Tachycardia, palpitations and anxiety Side effects: Sinusitis, exacerbation of chronic Abatzacive 

Aminophylline pulmonary disease 


Status asthmaticus; 5-7 mg/kg IV loading, followed by — pyontelukast Sodium 
infusion at 0.5-1 mg/kg/hr 


Do not use loading dose, if already giving aminophylline. 
Apneic spells in preterms: 5 mg/kg IV loading, followed by Side effects: Fever, upper respiratory infection, headache, 


1-2 mg/kg PO/IV q 8 hr pharyngitis, cough, abdominal pain, diarrhea, otitis 
Side effects: Tachycardia, tremors, irritability, convulsions media 


1-5 yr: 4 mg PO once a day in evening; 6-14 yr: 5 mg once 
daily; >14 yr: 10 mg once daily 


Beclomethasone Diproplonate Salbutamol 
MDI 50, 100, 200, 250 jig/puff: 100-1000 pg/day q 8 hr 0.15 mg/kg/dose PO q 8 hr | 
Rotacaps 100, 200, 400 jg/cap: 100-1000 g/day q 8 hr MDI 100 ig/dose: 2-4 puffs as needed q 20 minutes tor 


Side effects: Dry /sore throat, hoarseness, a bad taste in the ae esa: EXARErDAHON), ned oe BE ; Rete 2: 
mouth, headache, and voice changes; not recommended sree kee oll OFtd AE RE (ase Leen hnid 2:5 tis, 26 
for <5 yr children with oral inhalation and <6 yr with nasal needed), q 20 minutes for 1 hr, followed q 6-8 hr 


administration due to.unkhown saletyand efficacy, Side effects: Headache, tremor, irritability, hypokalem: : 
) Levosalbutamo! 
Budesonide MDI 50 pig/puff: 24 puffs as needed 
MDI 50, 100, 200 pg/puff, rotacaps 100, 200, 400 g/cap: —_ Side effects: Tachycardia, tremors, headache and hypoka! nia 
200-800 pg/day q 12 hr 
Raspules 0.5 mg/mL, 1 mg/mL: 0.25-1 mg q 12 hr Terbutaline 


Side effects: Dry /irritated throat, hoarseness, voice changes, 0.1-0.15 mg/kg/ day PO q 8 hr; 0.005-0.01 mg/ky Sq 

bad taste 6 hr; IV 0.4-1.0 pg/kg/min followed by infusion of 
1-10 pg/kg/hr; nebulizer (10 mg/mL): 0.5-2 mg as 

Caffeine needed. MDI 250 pg/puff; 2-4 puffs as needed 

20 mg/kg(of caffeine citrate); then 5-10 mg/kg as 1V/PO ide effects: Same as salbutamol 

q 24 hr, to begin 24 hr after loading dose 

Side effects: Hyperglycemia, hypoglycemia, gastrointestinal Ear ge . - 

Alshinbaneee (aien, vomiting, abdominal distension), ae he dhee L), *s dine mg/mt) oo 

irritability, sleeplessness, jitteriness, cardiac arrhythmias, innate i ee in saline infused over 30 minutes 

tachycardia, rarely bradycardia, hypertension, diuresis 5 





Magnesium Sulfate 


and dehydration Side effects: Hypotension, respiratory depression, muscle 
weakness 
Ciclesonide Note 


| ai. © Metered dose inhalers (MDI) should be used with large 

aa be Ah te f; 80-640 g/day q 12 hr; not approved volume spacers. For infants, the spacer can be used W th 
y Be a face mask. 

Benefit of less oropharyngeal candidiasis and HPA axis g Rotacap dose is double the inhaler dose; are 

Suppression administered using a Rotahaler, 

Side effects: Benefit of less oropharyngeal candidiasis and © Nebulization: Final volume of 3-5 mL should be made 

hypothalamic-pituitary axis suppression by adding normal saline, 


INOTROPIC AGENTS 
Adrenaline 


Cardiac arrest: 0.1 mL/kg/dose of 1:10,000 solution IV/ 
uitraosseous 


Endotracheal use: 0.1 mL/ kg /dose of 1:1000 solution (flush 
with 5 mL saline, followed by 5 ventilations) in case of 
non-response, repeat same dose q 3-5 minutes 

Side effects: 


Inotrope: 0.1-0.3 pg/kg/min IV infusion 


Dobutamine 


(Available as 250 mg powdered form; reconstitute 
ampoule with 10 mL saline to make 25 mg/mL) 

2-20 pg/kg/min IV 

Dosage (ing): 15 mg body weight dissolved in 24 mL of 
compatible solution (5% Dx/10% Dx/NS/DxNS), 
Infusion @ 0.5 mL/hr delivers 5 pg/kg/min 

Side effects: Hypotension, if there is hypovolemia, tachycardia 


Dopamine 


(Available as 200 mg/5 mL ampoule) 

2-20 pg/kg/min [V 

Dosage (ing): 15 mg body weight dissolved in 24 mL of 
compatible solution (5% Dx/10% Dx/NS/DxNS), 
Infusion @ 0.5 mL/hr delivers 5 pg/kg/min 

Side effects: Tachyarrhythmia, hypertension, vasoconstric- 
tion, vomiting. Extravasations may cause tissue necrosis 


Digoxin 

Digitalizing dose: Premature neonates 0.04 mg/kg/day; term 
neonates 0.06 mg/kg/day; infants 0.06-0.08 mg/kg/day; 
older children 0.04 mg/kg/day PO (parenteral dose is two- 
thirds of oral dose) 

One-half of the digitalizing dose is given stat, followed 
by one-quarter each after 8 hr and 16 hr 

Maintenance dose is one-quarter of digitalizing dose; 
given once a day 

Digoxin specific fab antibody: IV infusion; 60 mg binds 
1 mg of digoxin approximately 

Side effects: Nausea, vomiting; bigeminy pulse, extra- 
systoles, partial or complete heart block, sinus arrhythmia, 
atrial or ventricular tachycardia 


Milirinone 

50-75 pg/kg loading dose followed by 0.25-1 O ug/kg/ min. 
Side effects: Extravasations may cause tissue necrosis, 
dizziness, headache, rarely severe allergic reactions 


Norepinephrine 
0.05-0.1 pg/kg/min titrate duse to desired effect 


(maximum 2.0 pg/kg/min) | 
Side effects: Headache, bradycardia, hypertension 
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Isoproterenol Hyarochioride 


0.5-5.0 pg/kg/min 
Side effects: Cardiac dysrhythmias, rarely cardiac arrest, 
wheezing, bronchospasm 


Vasopressin 

Catecholamine refractory vasodilatory septic shock: 
0.3-2.0 mU/kg/min IV infusion 

Side effects: Hypertension, water intoxication, hyponatremia 


DIURETICS 


Acefozolamide 


Edema: 5 mg/kg/day PO q 24 hr or every other day 
Epilepsy/glaucoma: 8-30 mg/kg/day PO q 6-8 hr 
Hydrocephalus: 25-100 mg/kg/day PO q 8 hr 

Seizures: 8-30 mg/kg/day PO q 6-12 hr 

Pseudotumor cerebri: Start with 25 mg/kg/day PO q 6-24 
hr, increase by 25 mg/kg/day until clinical response or 
as tolerated up to maximum of 100 mg/kg/day 

Side effects: Sodium and potassium depletion, acidosis, GI 
irritation, paresthesia, sedation, C/I in marked hepatic and 
renal dysfunction 


Bumetanide 

26 months 0.01-0.05 mg/kg/dose PO q 24-48 hr; 
>6 months 0.015-0.1 mg/kg/dose PO q 2448 hr 
Maximum dose 10 mg/24 hr 

Side effects: Muscle cramps, nausea, vomiting, gyneco- 
mastia, leukopenia, thrombocytopenia 


Chlorthiazide 

20 mg/kg/day q 12 hr 

Side effects: Hyperglycemia, glucosuria, neutropenia, 
neonatal thrombocytopenia, hypokalemia, hypotension 


Frusemide 

1+4 mg/kg/day in 1-2 divided doses; maximum 6 mg/ 
kg/day. IV: 1-2 mg/kg/dose q 12 hr; infusion: 0.1-0.4 
mg/kg/h 

Side effects: Nausea, vomiting; hyponatremia, hypokalemia, 
metabolic alkalosis, hyperglycemia, hyperuricemia; 
pancreatitis, dizziness, vertigo, headache, tinnitus and 
hearing loss on prolonged use 


Hydrochlorthiazide 

Neonate and infant <6 mo: 2-4 mg/kg/day PO q 12 hr 
maximum dose 37.5 mg/24 hr 

>6 mo and child: 2 mg/kg/day PO q 12hr; maximum dose 
100 mg/24 hr 

Hypertension: Infant and child: Start at 0.5-1 mg/kg/day 
PO q 24 hr; maximum dose of 3 mg/kg/24 hr up to 


50 mg/24 hr 
Side effects: Almost similar to furosemide but less frequent 








Metolazone 


0.2-0.4 mg/kg/day PO q 24 hr 


Side effects: Hypotension, palpitations and hypovolemia, 
hypokalemia, hyponatremia 


Spironolactone 


Neonates: 1-3 mg/kg/day q 12-24 hr 

Children: 1.5-3 mg/kg/day or 60 mg/m?*/day q 12-24 hr; 
not to exceed 100 mg/day 

Side effects: Dry mouth, dizziness, headache, irregular periods, 
gynecomastia, hirsutism, erectile dysfunction, hyperkalemia 
Trlamterene 


24 mg/kg/day q 12 hr 


Side effects: Hyperkalemia, hyponatremia, dry mouth, 
headache 


Mannitol 


0.5-3 g/kg/dose IV given over 30-60 min 


Side effects: Hypotension, tachycardia, fluid and electrolyte 
imbalance 


HORMONES 
Betamethasone 


Anti-inflammatory: 0.0175-0.25 mg/kg/day or 0.5-7.5 mg/ 
m?*/day PO.q 6-8 hr; 0.0175-0.25 mg/kg/day or 0.5-7.5 
mg/m?*/day IM gq 6-12 hr 

Fetal lung maturity (24-34 weeks); administer to mother 
12 mg IM in 2 doses 24 hr apart 

Side effects (short term): Sodium retention-related weight 
gain, glucose intolerance, hypokalemia, gastrointestinal 
upset and reversible depression of the hypothalamic— 
pituitary—adrenal axis 

Side effects (long term): Hypothalamic-pituitary—adrenal 
activity suppression, cushingoid appearance, hirsutism or 
virilism, impotence, cataracts and increased intraocular 
pressure, myopathy, osteoporosis 


Cortisone Acetate 
Physiological requirement: 0.7 mg/kg/day 
Therapeutic dose: 2.5-10 mg/kg/day q 8 hr 


Side effects (immediate): Moon facies, acne, increased 
appetite, reduced resistance to infections, headache, 


gastritis, hypertension, electrolyte disturbances, glaucoma, 
pseudotumor cerebri 


Side effects (prolonged therapy): Myopathy, osteoporosis, 
growth retardation, cataract, adrenal cortical atrophy 


Fludrocortisone 


Infants: 0.05-0.1 mg/day PO q 24 hr; Children: 0.05-0.2 mg/ 
day PO gq 24 hr 


Side effects: Hypertension, hypokalemia, acne, rash 
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Dexamethasone 


0.05-0.5 mg/kg/day PO q 6 hr 

Congenital ndiendl hyperplasia: 0.5-1.5 mg/day 

Cerebral edema 0.5 mg/kg/doseIV/IMq6hr 
Pulse dexamethasone: 5 mg/kg as slow infusion (maximum 
dose 100 mg) . 

Side effects: Weight gain, insomnia, mood changes, acne, dry 
skin, bruising or discoloration, slow wound healing, nausea 
Croup: 0.3-0.6 mg/kg IM/ oral, single dose 


Hydrocortisone 


Status asthmaticus: 4-8 mg/kg/dose IV q 4-6 hr IV 
Endotoxic shock: 50 mg/m‘? initial dose followed by 50-150 
mg/m?2/day q 6 hr IV for 48-72 hr 

Acute adrenal insufficiency: 1-2 mg/kg/dose IV, then 
25-150 mg/m?*/day IV or IM 


Side effects: Hypertension, hyperglycemia, arrhythmias 


Prednisolone 


(Prednisolone, 5 mg = 0.75 mg betamethasone or dena- 
methasone, 4 mg methylprednisolone or triamcinolone, 
20 mg hydrocortisone and 25 mg cortisone acetate) 
Acute asthma: 0.5-2 mg/kg/day PO q 12-24 hr 
Anti-inflammatory: 0.5-2 mg/kg/day PO q 8-12 hr 
Nephrotic syndrome: 2 mg/kg/day, q 12-24 hr daily; then 
on alternate days 

Congenital adrenal hyperplasia: 2 mg/kg/day PO q 6- hr 
or single dose in the morning 

Side effects (intmediate): Moon facies, acne, increased 
appetite, gastritis, hypertension, electrolyte disturbances, 
glaucoma, pseudotumor cerebri 

Side effects (prolonged therapy): Myopathy, osteoporosis, 
stunting, cataract, adrenal cortical suppression 


Methylpreanisolone 
1-2 mg/kg/dose IM or IV 
High dose (pulse) therapy: 15-30 mg/kg daily for 3-5 days 


Side effects: Hypertension, sweating, hyperglycemia, mood 
changes, dyselectrolytemia, rarely arrhythmias 


Trlamcinolone 


24 mg/day PO q 8-12 hr; deep IM 40 mg or intra-articular 
2.5-15 mg; avoid <6 yr 


Side effects: Fluid retention, hypokalemic alkalosis, aseptic 
necrosis of femoral heads, gastritis 


ACTH 


For infantile spasms: 20-40 U/kg /day IM q 24 hr for 6 week 
or 150 U/m*/day q 12 hr for 2 weeks followed by a gradual 
tapering, for dynamic testing (short ACTH stimulation test) 
<6 months: 62.5 1g; 6 months-2 years: 125 Lg; >2 years 250 1g 
Side effects: C/\ hepatic damage, nephropathy, acute 
psychosis, CHF, Cushing’s disease, peptic ulcer, fungal 
infections, recent surgery 


Rational Drug Therapy 


Vasopressin 


Diabetes insipidus: 5-20 U q12h1M;1.5-10 mU/kg/minute 
lV infusion 


Side effects: Hypertension, water intoxication, hypo- 
natremia 


Desmopressin 


Hemophilia: Infants >3 months of age and children: 0.3 pg/kg 
IV by slow infusion over 15-30 min beginning 30 min 
before procedure; may repeat dose, if needed. 

Diabetes insipidus: Intransal 5-30 ug/day 
Side effects: Water intoxication, hyponatremia 


Growth Hormone 
0.09-0.2 unit/kg/day SC or IM till accepted height is 
achieved or bone fusion occurs 


Turner syndrome: 0.11—-0.14 unit/kg/day 


Side effects: Abnormal bone growth, abnormal touch 
sensation, pseudotumor cerebri and hyperglycemia 


Insulin 
Refer to Chapter 18 


Glucagon 

Hypoglycemia (neonates/ infants): 0.025-0.3 mg/kg/dose q 
30 min IM/IV/SC 

Side effects: Nausea, vomiting, urticaria, respiratory 
distress 


Diazoxide 

Hypertensive crisis: 1-3 mg/kg/dose up to maximum of 
150 mg/dose 

Hyperinsulinemic hypoglycemia: 8-15 mg/kg/day PO q 
8-12 hr 

Hyponatremia, salt and water retention, gastrointestinal 
disturbance, hyperuricemia 


Carbimoazole 

1-2 mg/kg/day q 8 hr : 

Side effects: Urticaria, ageusia, pigmentation, bone marrow 
depression 


Thyroxine 

10-15 pg/kg/day in newborn babies, 5 pg/kg/ day in 
children, single dose PO empty mach in the morning 
Side effects: Tachycardia, headache, insomnia, muscle cramps 


Potassium lodide (SSKI) and Lugol's lodine* 


5 drops q 6 hr | | 
Side effects: Hypo- or hyperthyroidism, GI disturbance, 
iododerma, hypersensitivity, interference with anion gap 
calculation | 

*SSKI (1 g/mL) contains 76.4% iodine. Five drops four times a 
day (assuming 20 drops/mL) contain about 764 mg iodine, 


| 761 


Lugol's solution ( 125 mg/mL of total iodine) contains, in each 
100 mL, 5 g of iodine and 10 g of potassium iodide. Four drops 
four times a day contain about 134 mg of iodine 


Propyithiouracil 


Neonate; 5-10 mg/kg/day q 8hr; <10 yr: 50-150 mg/day 
q 8 hr; >10 yr: 150-300 mg/day q 8 hr 

Maintenance: 50 mg q 12 hr 

Side effects: Hepatitis, vertigo, rash, interstitial pneumonitis 


Erythropoletin 


Anemia of prematurity: 25-100 U/kg/dose SC or IV, 3 times 
a week 

Chronic kidney disease: 50-150 U/kg/dose SC or IV, 2-3 
times a week 

SC route requires lower doses than IV; rotated through 
arm, thigh and anterior abdominal wall. 

Side effects: Local swelling, dizziness, nausea, pain at the 
site of the injection, fever 


Dorbepoetin Alpha 


Prolonged half life; administered less frequently; 0.45 pg/ 
kg IV/SC once a week; 0.75 pg IV/SC once a fortnight 
Side effects: Hypertension, seizures, venous thrombosis 


Octreotide 


1 pg/kg/hr (up to 50 pg/hr); given as continuous [V 
infusion 

Side effects: Local pain, stinging, tingling at site of injection, 
hypothyroidism, conduction abnormalities, pancreatitis 


Vitamin D 


Treatment doses of vitamin D for nutritional rickets (dose 
in IU). 


Age Daily dose for Single dose Maintenance 
90 days daily dose 

<3 mo 2000 N/A 400 

3-12 mo 2000 50,000 400 

>12 mo-i2 y 3000-6000 150,000 600 

>12y 6000 300,000 600 


Dosing of 1, 25-dihydroxyvitamin D (calcitriol) in patients 
with chronic kidney disease: Chapter 17 

Side effects: Hypercalcemia, nausea, vomiting, abdominal 
cramps 


MICRONUTRIENTS 


Magnesium Sulfate* 


Protein energy malnutrition: 0.3 mL/kg (max 2 mL) of 50% 
magnesium sulfate on day 1, then 2-3 mEq/kg/day PO q 
24 hr (maintenance requirement) 

*Magnesium sulfate 50% solution provides 4 mEq/mL 

Side effects: Hypotension, respirary depression, muscle 
weakness 


i 
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Zinc Sulfate 


Therapy of deficiency: 0.5 mg/kg/day for infants; 10 mg/ 
day for <6 months, 20 mg >6 months for two weeks 
Acrodermatitis enteropathica (higher doses up to 6 mg/ 
kg/day) 

Side effects: Uncommon and include gastritis and vomiting; 
excessive doses may cause copper deficiency 


Parenteral Iron Therapy 


Parenteral: Iron dextran: 4 mg/kg/dose (maximum 
100 mg); slow IV push at 1 mL (50 mg) per minute. The 
first dose for iron dextran is 10 mg (weight <10 kg), 15 mg 
(weight 10-20 kg) or 20-25 mg for older children 
Polynuclear ferric hydroxide sucrose or iron sucrose: 0.5-2 mg / 
kg (maximum 7 mg/kg or 100 mg); diluted 20-fold with 
normal saline; infused over 30 minutes 


Oral (ferrous sulfate): Prophylaxis: 1-2 mg/kg/day; 
treatment: 3-6 mg/kg/day 


Side effects: Hypersensitivity reactions (bronchospasm, 
angioedema, urticaria, hypotension); pain and muscle 
spasms. Severe or persistent symptoms require therapy 


with antihistaminics. Iron sucrose preparation has lesser 
side effects. 


The dose required for correction of iron deficiency is calculated 
as: 


Total iron deficit (mg) = Weight in kg x (target Hb — actual Hb in 
g/dL) x 2.4 + depot iron in mg 


The depot iron is 15 mg/kg body weight for children <35 kg, 
and 500 mg for >35 kg. 


Calclum Gluconate (Elemental Calcium 9%) 


1-2 mL/kg of 10% solution; slow IV infusion under cardiac 
monitoring 


Side effects: Bradycardia, hypotension, local extravasation 
can cause tissue necrosis hence the patency of the line 
should be rechecked before every administration. 


Contraindication: Ventricular fibrillation 


Potassium Chloride 


1-2 mEq/kg/d PO q 8 hr; not to exceed 200 mEq/L in 
central line infusions 


Side effects: Hyperkalemia, GI disturbances, phlebitis 


Sodium Bicarbonate 
1-2 mEq/kg/dose 


The dose is calculated as: 
Base deficit x weight in kg x 0.6 = mEq, or mL of 7.5% solution 
of sodium bicarbonate 


Side effects: Metabolic alkalosis, hypernatremia, hypo- 


kalemia, thrombophlebitis, intracranial hemorrhage in 
neonates 
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Calclum Carbonate 


Neonates: 50-150 mg/kg/day PO q 46 hr (maximum dose 
1 g/24 hr); children 45-65 mg/kg/day PO q 6hr 

Side effects: Constipation, hypercalcemia, hyperphospha- 
temia, hypomagnesemia, vomiting, headache, confusion 


Colcitrlo! 


<1 yr: 0.04-0.08 pg/kg /dose PO q 24 hr; 1-5 yr: 0.25-0.75 
ug/kg/dose PO q 24 hr >6yr: 0.5-2 pg/kg/dose PO gq 24 
hr; titrate in increments of 0.005-0.01 pg/kg/24 hr every 
4-8 weeks based on clinical response 

Side effects: Weakness, headache, vomiting, constipation, 
hypotonia, polydipsia, polyuria 


Vitamin A 


Prophylaxis: 100000 units at 9 months, then 200000 units 
every 6 months up to 3 yr; if measles: 100000 in <1 yr and 
200000 in >2 yr at 0, 1 and 14 day 


Side effects: Irritability, hypercalcemia, pseudotumor 
cerebri 


Folic acid 


0-6 months: 25-35 pg (PO q 24 hr) 

6 months-2 years: 50 pg 

4-6 years: 75 pg; 7-10 years: 100 pig; 11-14 years: 150 pz 
Megaloblastic anemia: 0.5-1.0 mg for 4 weeks OD 


Vitamin Bz 


Pyridoxine: B, dependent seizures: 50-100 mg/day, |\// 
IM /PO 

Isoniazid-induced neuritis: 1 mg/kg/day, PO 

Side effect: Nausea, deranged liver function tests vitamin §,, 


SEDATIVES, HYPNOTICS, ANTIDEPRESSANTS AND 
ANTIEPILEPTICS 


Diazepam 
Sedation and anxiolysis: 2-5 mg PO 


Anticonvulsant: 0.2 mg/kg/dose IV (maximum 10 mg); 
repeat in 15 minutes 


Contraindication: Myasthenia gravis and acute narrow 
angle glaucoma 


Flumezanil 


Reversal of benzodiazepine sedation (IV): 


Child: Initial dose: 0.01 mg/kg (max dose: 0.2 mg) given 
over 15 sec, if needed after 45 sec, 0.01 mg/kg (maximum 
dose: 0.2 mg) Q 1 min to a maxinyum total cumulative 
dose of 0.05 mg/kg or 1 mg, whichever is lower. Usual 
total dose: 0.08-1 mg (average 0.65 mg); as an alternative 
for repeat bolus doses, a continuous infusion of 0.005-0.01 
mg/kg/hr has been used, 

Side effects: Nausea, vomiting, dizziness, tremor, depression. 
euphoria, agitation, palpitations, dyspnea, hyperventilation 


Rational Drug Therapy 
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Lorazepam 


0.1 mg/kg IV; repeat at 5 minutes; longer duration of action 
than diazepam; 0.03-0.05 mg/kg/dose PO q 8-12 hr 

Side effects: Confusion, depressed mood, hyperactivity, 
agitation, hostility 


Clonazepam 


Infant and child <10 yr or -<30_kg: initial: 0.01-0.03 mg/ 
kg/day PO q 8 hr; increment: 0.25-0.5 mg/day q 72 hr, 
up to maximum maintenance dose of 0.1-0.2 mg/kg/day 
q 8hr 

Child 210 yr or 230 kg and adult: initial: 1.5 mg/24 hr PO 
gq 8 hr; increment: 0.5-1 mg/day q 72 hr; maximum dose: 
20 mg/24 hr 


Side effects: Drowsiness, dizziness, muscle weakness, loss 
of balance or coordination 


Chioral Hydrate 


5-10 mg/kg/dose for sedation; 20-75 mg/kg/dose for 
heavy sedation 

Side effects: Nausea and vomiting are more common, 
diarrhea; dizziness and drowsiness are less common 


Chlorpromazine 


2.5-6 mg/kg/day POq6h 

Chorea: Start with 50 mg/day PO; increase by 25 mg/day 
till controlled; maximum dose 300 mg/day 

Neonatal tetanus: 1-2 mg/kg/dose q 2-4 hr 

Side effects: Extrapyramidal reactions (e.g. Parkinson-like 
symptoms, dystonia, tardive dyskinesia), drowsiness, 
dizziness, skin reactions or rash, dry mouth, orthostatic 
hypotension, amenorrhea, galactorrhea, weight gain 


Fluoxetine Hydrochloride 


5-10 mg/day; maximum 20 mg/day 

Side effects: Insomnia, weakness, anxiety, drowsiness, 
tremor, diarrhea, dyspepsia, nausea, nervousness, 
headache, xerostomia 


Haloperidol 


Psychotic disorder: 0.05-0.15 mg/kg/day PO q 8-12 hr; 
agitation: 0.01-0.03 mg/kg/day q 8-12 hr; chorea: 
0.25 mg PO q 12 hr; 5-10 mg/day q 12 hr 

Side effects: Extrapyramidal reactions, dyskinesia 


Ketamine 


IV induction: 0.5-2 mg/kg at a rate not to exceed 0.5 mg/ 
kg/min; IM, oral, rectal: 3-10 mg/kg/dose; nasal and 
sublingual: 3-5 mg/kg/dose 

Minor procedures 0.5-1.0 mg/kg; sedative dose 2 mg/kg 
The concomitant use of midazolam is beneficial 

Side effects: Hypertension, hypertonia, diplopia, increased 
intraocular pressure, salivary hypersecretion 


Midazolam 

0.07-0.2 mg/kg/dose IM or IV 

Pre-operative sedation or conscious sedation (mechanical 
ventilation) above dose followed by 0.2-1 pg/kg/min for 
neonates and 0.5-3.0 pg/kg/min for infants and children 
Status epilepticus 0.2 mg/kg IV or IM followed by 0.1-0.2 
mg/kg/hr 

Intranasal 0.2 mg/kg may be used for acute seizure control 
Side effects: Respiratory depression, shock 


Triclofos 


20 mg/kg/dose for sedation PO q 12 hr 
Side effects: Gastrointestinal disturbance, mild rash 


Carbamazepine 

<6 yr: 10-20 mg/kg/day PO q 8 hr, increment q 5-7 days 
up to maximum of 35 mg/kg/24 hr; 6-12 yr: 10 mg/kg/ 
24 hr PO q 12 hr up to maximum 100 mg/dose q 12 hr; 
maintenance 20-30 mg/kg/day q 6-12 hr 

Side effects: Dizziness, drowsiness, nausea, ataxia, and 
vomiting, pruritus, speech disturbance, xerostomia and 
amblyopia 


Clobazam 


<30 kg: 5 mg PO q 24 hr, increase to 20 mg q 24 hr 

>30 kg: 10 mg PO q 24 hr, increase to 40 mg q 24 hr 

Side effects: Dizziness, drowsiness, anxiety, suicidal thoughts, 
withdrawal symptoms, lower doses in liver diseases 


Pentobarbital 


Refractory status epilepticus: 10 mg/kg loading IV over 
1 hr, maintenance 1-5 mg/kg/hr 


Side effects: Hypotension, respiratory suppression, 
arrhythmia 


Phenobarbital 


Anticonvulsant: 20 mg/kg loading IV; 3-5 mg/kg/day IV 
q 12-24 hr as maintenance 


Side effects: Dizziness, respiratory depression, hypotension 
Phenytoin Sodium 


Arrhythmia: Loading 1.25 mg/kg IV over 3 minand repeat 
every 5-10 min to a maximum total dose of 15 mg/kg or 
until arrhythmia reverts or hypotension develops; 
maintenance 5-10 mg/kg/day PO q 12 hr 

Status epilepticus: Loading 15-20 mg/kg IV, do not exceed 
1-3 mg/kg/min. Maintain with 5-8 mg/kg/day PO or 
IV gq 12-24 hr 

Side effects: Gum hypertrophy, hirsutism, hypersensitivity, 
megaloblastic anemia, osteomalacia and vestibulo- 
cerebellar syndrome 


Fosphenytoin Sodium 


15-20 mg/kg/day; then 4-6 mg/kg/day 
Side effects: Pruritus, dizziness, ataxia, nystagmus, contra- 
indicated in porphyria 
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Valproic Acid 


Refractory status epilepticus; 5-10 mg/kg loading dose IV Seizures (generalized, simple and complex partial): Start with 
over 2-5 minutes followed by 2-10 mg/kg/hr continuous 10-15 mg/kg/day PO q 8-12 hr, increase by 5-10 each week 


infusion, 


if required to maximum 60 mg/kg/day 


Side effects; Gastrointestinal disturbance, hypotension, — Status epilepticus: 20 mg/kg loading followed by 10 mg/ ke 


respiratory depression, bronchospasm 


IV q 12 hr 


Table 30.11: Miscellaneous drugs 


Drug Dosage Side effects 

Acetylcysteine Meconium ileus: 5-10 mL/kg (10% soln PR) q 6 hr Bronchospasm, stomatitis, drowsiness, 
Nebulization: 3-5 mL/kg of 20% or 6-10 mL/kg (10%) q 6-8 hr rhinorrhea, nausea, vomiting, hemoptysis 
Acetaminophen poisoning (see Chapter 27) Anaphylactic reactions with IV use 

Albumin (20%) Q.5-1 g/kg/dose over 30-120 minutes; coadministered with IV Rapid infusion may lead to fluid overload: 
frusemide in patients with nephritic syndrome rarely hypersensitivity 

Allopurinol 10 mg/kg/day PO q 8 hr, max dose 800 mg/24 hr; IV dosage is Rash (frequent); nausea, diarrhea; allergic 
alkaline and should be diluted to minimum concentration of liver toxicity (increased risk with renal 
6 mg/mL and infused over 30 min impairment) 

Alprostadil Initial: 0.05—0.2 ~g/kg/min; advance to 0.2 g/kg/min, if necessary Fever, apnea, flushing, bradycardia, 


prostaglandin E1 Maintenance: Decrease to lowest effective dose when increase in hypotension, platelet aggregation defect 


partial pressure of oxygen 
Usual dose 0.01-0.4 pg/kg/min 


Amphetamine 0.15-0.5 mg/kg/day 


Restlessness, excitability, tremor, head- 


Children 3-5 years: 2.5 mg daily, increase by 2.5 mg q weekly ache, anxiety, agitation, Insomnia, dry 
Children >6 years: 5 mg once daily; increase by 5 mg q weekly mouth, palpitations 

Atropine Cardiopulmonary resuscitation: 0.01—-0.03 mg/kg/dose IV every G/l: Thyrotoxicosis, tachycardia due {to 
2-5 minutes for 2-3 doses; maximum 1.0 mg cardiac insufficiency; obstructive gastr:- 
Pre-anesthesia (30-60 min prior): 0.03—0.04 mg/kg/dose IV intestinal lesions 
Bronchospasm: 0.02—0.05 mg/kg/dose (maximum 2.5 mg/dose) 

Baclofen 0.75-—2 mg PO q 8 hr; maximum dose 40 mg for <8 years and Drowsiness, weakness, tiredness, nause :, 
60 mg for >8 years constipation, confusion 

Lidocaine Without epinephrine: Maximum dose 4.5 mg/kg/dose (up to Hypotension, seizures, asystole, 

hydrochloride 300 mg); do not repeat within 2 hr respiratory arrest 


With epinephrine: maximum dose 7 mg/kg/dose (up to 500 mg); 


do not repeat within 2 hr 


Topical: Apply cream to affected intact skin gq 6-12 hr 
Oral: 4.5 mg/kg/dose or 300 mg/dose swish and spit q 3 hr; 


maximum 4 doses per 12 hr 
Oxyphenonium 0.8 mg/kg/day PO q 6 hr 


Dry mouth, blurred vision, retention c! 


bromide Preschool children: 5-10 drops; older children: 10-20 drops q6 hr urine, dizziness, fatigue, tremors 
Pethidine Analgesic 1-2 mg/kg/dose |IM/IV Seizures 
Ribavirin 6 g in 300 mL sterile water; nebulize q 12-18 hr/day for 3-7 d Seizures, congestive heart failure, 
Oral: 10 mg/kg/day q 6-8 hr (max <10 yr: 150 mg/d; >10 yr; urinary retention, leukopenia 
200 mg/d) 
Senna Constipation: 10-20 mg/kg/dose, PO q 12-24 hr Loose stools, cramping 
Sildenafil 0.3-3 mg/kg/day PO q 8 hr, 0.3-2 mg/kg/ dose PO q 6-12 hr Dizziness, light headed 
IV bolus: 0.4 mg/ kg over 3 hr; followed by 1.6 mg/kg/d infusion 
Sotalol Arrhythmia: 2-8 mg/kg/day, PO q 8-12 hr May cause arrhythmia 
Succinylcholine Neuromuscular blocking agent: 1-2 mg bolus, maintenance Hypotension, bronchospasm, hyper- 
0.04-0.07 mg/kg/dose IV q 5-10 min as per desired effect kalemia, malignant hyperthermia 
Sulfasalazine Inflammatory bowel disease: Start at 40-75 mg/kg/day, Headache, nausea, rash, neutropenia 
PO q 6 hr; maintenance: 30-50 mg/kg/day PO q 8 hr 
Theophylline Apnea In preterm: Loading 6-10 mg/kg; maintenance 2-4 mg/ GI disturbance, tachycardia, feeding 


kg/dose PO q 12 hr 


intolerance, irritability 


Bronchodilator: 10-20 mg/kg/day o 
Tolazoline 1-2 mg/kg IV over 10 min followed by 1-2 mg/kg/hr continuous Dizziness, faintness 


infusion 


Side effects: Hepatotoxicity, irritability, hearing loss, 
nausea, vomiting, pyrexia 


Vigabatrin 

Infantile d perahias 40-150 mg/kg/ day PO q 12-24 hr 

Side effects: Visual field defects, GI and psychiatric symptoms 
VASODILATORS 

Isosorbide Dinifrate 


0.1 mg/kg/day PO q 6-8 hr 
Side effects: Flushing, headache 


Nifedipine 


0.3 mg/kg/dose oral q 6 hr 


Antihypertensive: 0.25-0.5 mg/kg /dose (maximum10 
PO gq 6hr wis ae 


Vasodilator: 0.3 mg/kg/dose PO q 6 hr 
Side effects: Hypotension, dizziness 
Prazosin 


Antihypertensive: 0.05-0.1 mg/kg/day q 8 hr (maximum 
0.5 mg/kg/dose) 


Side effects: Postural hypotension, dizziness, faintness, 
nasal stuffiness, priapism 


Tolazoline 


1-2 mg/kg IV over 10 min followed by 1-2 mg/kg/hour 
in continuous infusion 
Side effect: Dizziness, faintness 


Suggested Reading 


e de Vries TPGM, Heming RH, Hogerzcil HV, Fresle DA. Guide to 
Good Prescribing-A Practical Manual. Essential Drugs and 
Medicines Policy, World Health Organization, 1211 Geneva 27, 
Switzerland 2000. Available at http://www.who.int/medicines/ 
areas /rational_use/en/https:/ /www.drugs.com/ 

e Ritter JM, Lewis LD, Mant TGK, Ferro A. A Textbook of Clinical 
Pharmacology and Therapeutics, 5th edn, 2008, London, Hodder 
Arnold. Available at http://pharmaresearchlibrary.com/wp- 
content/uploads/2013/03/ A-Textbook-of-Clinical-Pharmacology- 
and-Therapeutics-5th-edition.pdf 

e Singh MB, Deorari AK. Drug dosages in children, 8th edn. New 
Delhi, Sagar Publications, 2009. 


¢ Unni JC, Nair MKC, Menon PSN, Bansal CP. IAP Pedlatric 
Drug Formulary, 3rd edn. Mumbai: Indian Academy of Pediatrics 
2012. 
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31 


Integrated Management of 
Neonatal and Childhood Illness 


Many well-known interventions like universal immuniza- 
tion, essential newborn care, exclusive breastfeeding 
during first 6 months of life, appropriate complementary 
feeding, oral rehydration therapy, and timely and 
appropriate use of antibiotics in pneumonia have proven 
to be effective in reducing child mortality. While each of 
these interventions is successful, there is evidence to suggest 
that an integrated approach is needed to manage sick children, 

Sick children often present with overlapping signs and 
Symptoms common to different illnesses and often suffer 
from more than one illness, which may necessitate 
different treatments. Another reason for integrated 
approach is the need for incorporating preventive 


strategies such as immunization and nutrition along with 
curative care. 


INTEGRATED MANAGEMENT OF NEONATAL AND 
CHILDHOOD ILLNESS STRATEGY 


Integrated Management of Childhood Illness (IMCI) 
strategy, developed by World Health Organization in 
collaboration with UNICEF and many other agencies in 
mid-1990s, combines improved management of common 
childhood illnesses with prevention of diseases and 
promotion of health by including counseling on feeding 
and immunization. This strategy has been adapted and 
expanded in India to include neonatal care at home as 
well as in the health facilities and renamed as Integrated 
Management of Neonatal and Childhood Illness (IMNCI). 


Essential Components 


The IMNCI strategy includes both preventive and curative 
interventions that aim to improve practices in health 
facilities, the health system and at home. At the core of 
the strategy is integrated case management of the most 
common neonatal and childhood problems with a focus 
on the most common causes of death in children <5 years 
of age. 

The initial guidelines developed in 2003 were adapted 
in 2009 and have recently been revised again in 2017 and 
this chapter elaborates the clinical guidelines for the 


Ajay Khera * Varun Alwadhi 


treatment of sick children in an outpatient or primary care 
setting. 


Clinical Guidelines 


The clinical guidelines target children less than 5-year- 
old, the age group that bears the highest burden of 
morbidity and mortality. The guidelines represent an 
evidence-based syndromic approach to case management 
that includes rational, effective and affordable use of 
drugs. Careful and systematic assessment of common 
symptoms, using selected reliable clinical signs, helps to guide 
rational and effective actions. 

An evidence-based syndromic approach can be used 
to determine: (i) Health problem(s) the child may have; 
(ii) severity of the child’s condition; and (iii) actions that 
can be taken to care for the child (e.g. refer the child 
immediately, manage with available resources or man2e 
at home). In addition the guidelines suggest the 
adjustments required to manage with the capacity »f 


health system and active involvement of family membe:s 
in health care practices. 


Principles of Integrated Care 


Depending on a child’s age, various clinica] signs and 

symptoms differ in their degrees of reliability and 

diagnostic value and importance. IMNCI clinical 

guidelines focus on children up to 5 years of age. The 

treatment guidelines have been broadly described under 

two age categories: 

1. Young infants age up to 2 months 

2. Children age 2 months up to 5 years 
The IMNCI guidelines are base 

principles: 

¢ Allchildren under 5 years of age must be examined for 
conditions which indicate immediate referral 

¢ Children must be routinely assessed for major 
symptoms, nutritional, quality of interaction with a 
child, immunization status, feeding problems and other 
problems 

* Only a limited number of carefy 
signs are used for assessment 


d on the following 


lly selected clinical 
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° A combination of individual signs is used to classify 
the severity of illness which calls for specific action 
rather than a ‘diagnosis’. Classifications are color-coded 
and suggest referral (pink), initiation of treatment in 
health facility (yellow) or management at home (green) 

¢ IMNCI guidelines address most common, but not all 
pediatric problems 

¢ IMNCI management protocols use a limited number 
of essential drugs 

* Caretakers are actively involved in the treatment of 
children 

¢ IMNCTI includes counseling of caretakers about home 
care including feeding, fluids and when to return to 
health facility. 

The overall case management process is summarized 

in Fig. 31.1. 

The case management of a sick child brought to a first- 
level health facility includes a number of important 
elements. 





ASSESS the child: Check for danger signs (or possible bacterial infection/jaundice). Ask 


For all sick children age up to 5 years who are brought to a first-level health facility 


Outpatient health facility: Assessment; classification and 
identification of treatment; referral, treatment or counseling 
of the child’s caretaker (depending on classification(s) 
identified); follow-up care 


Referral health facility: Emergency triage assessment and 
treatment (ETAT); diagnosis, treatment and monitoring 
of patient progress. 


Appropriate home management: Teaching mothers or 
other caretakers how to give ora] drugs and treat local 
infections at home; counseling mothers or other caretakers 
about food (feeding advice, feeding problems); develop- 
ment support care (playing and communication) fluids; 
when to return to the health facility; and the mother’s own 
health. 


Classification Tables 


IMNCI classification tables describe the steps of case 
management process: ASSESS, CLASSIFY and IDENTIFY 





about main symptoms. If a main symptom is reported, assess further. Check nutrition and 


immunization status. Check for other problems. 


— 


| her nutrition or feeding status 








| CLASSIFY the child's illness: Use color-coded tnage system to classify main symptoms and his or 


herruiion feeding sas ee 









if urgent referral is needed and possible 







Identify urgent 
pre-referral treatment(s) needed 
for the child's classifications 






Treat the child 
Give urgent pre-referral treatment(s) needed 










Refer the child 
Explain to caretaker the need for referral 
Calm caretaker fears and resolve problems 
Write referral note 
Give instructions and 

supplies needed to care for the child on way 


to the hospital. 









ee 


Treat the child 


Teach the caretaker how to give oral drugs 


— 
— 





If no urgent referral is needed or 
possible 












identify treatment 
needed for the child's classifications: 
Identify specific medical treatments 

and/or advice 





aa 


Give first dose of oral drugs in the clinic and/or | 
advice caretaker 








and to treat local infections at home 
If needed, give immunizations 










Counsel the mother 
Assess child's feeding and development 
support care and solve problems iff present. 
Advise about feeding, development support, 
care and fluids during illness and when to 
return to a healthfacility 

Counsel mother about her own health 








—— ee —_— eo _- o — sa 


Follow-up care: Give follow-up care when the child returns to the clinic 
£ If necessary, reassess the child for new problems 


Fig. 31.1: Summary of the case management process 
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TREATMENT. There are separate classification boxes for 
main symptoms, nutritional status and anemia. 

IMNCI classifications are not necessarily specific 
diagnoses, but they indicate what action needs to be taken. 
All classifications are color-coded: pink calls for hospital 
referral or admission, yellow for initiation of treatment, 
and green means that the child can be sent home with 
careful advice on when to return. 

Classification tables are used starting with the pink 
rows. If the young infant or child does not have the severe 
classifications, look at the yellow rows. For the classification 
tables that have a green row, if the young infant or child 
does not have any of the signs in the pink or yellow rows, 
select the classification in the green row. If the young infant 
or child has signs from more than one row, the more severe 
classifications is selected (Box 31.1). However, if the 
classification table has more than one arm (e.g. possible 
bacterial infection/jaundice, diarrhea in a sick child), one 
may have more than one classification from that box. 





Box 31.1: Effective communication with core provider 


It is critical to communicate effectively with the infant’s mother 
or caretaker. Proper communication helps to reassure the 
mother or caretaker that the infant will receive appropriate 
care. In addition, the success of home treatment depends on 
how well the mother or caretaker knows about giving the 
treatment and understands its importance. 

Parents, if correctly informed and counseled, can play an 
important role in improving the health status of their children 
by following the advice given by a health care provider, by 
applying appropriate feeding practices and by bringing sick 
children to a health facility as soon as symptoms arise. 





OUTPATIENT MANAGEMENT OF YOUNG INFANTS AGE UP 
TO 2 MONTHS 


Young infants have special characteristics that must be 
considered when classifying their illnesses. They can 
become sick and die very quickly from serious bacterial 
infections. They frequently have only general signs such 
as few movements, fever or low body temperature. Mild 
chest in drawing is normal in young infants because their 
chest wall is soft. The assessment procedure for this age 
group includes a number of important steps that must be 
taken by the health care provider, which are given below. 


Communicating with the Caretaker 

It is critical to communicate effectively with the infant's 
mother or caretaker. Good communication techniques and 
an integrated assessment are required to ensure that 
common problems or signs of disease or malnutrition are 
not overlooked. 


Checking for Possible Bacterlal Infection/Jaundice 


A sick young infant with possible serious bacterial 
infection is one with any of the following signs: not 
feeding well, convulsions, fast breathing, severe chest in 
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drawing, fever, hypothermia, movement only when 

stimulated or no movement at all. | 
This infant should be referred urgently to the hospital 

after being given the first dose of intramuscular 
ampicillin/ oral amoxycillin plus gentamicin, treatment to 
prevent hypoglycemia, and advice to the mother on 
keeping the young infant warm while arranging referral, 

and on the way to the hospital. ,* 3 
A sick young infant with local bacterial infection is 

the one with umbilicus red or draining pus or Skin 

pustules. This infant may be treated at home with oral 
antibiotics but should be seen in follow-up after two days, 
Additionally, if the sick young infant has jaundice, 
classify for jaundice. 
There are two possible classifications 

e A sick young infant with severe jaundice is one who 
has yellow palms and soles or has jaundice at age 
<24 hours or at age 14 days or more. This infant should 
be referred urgently to the hospital after being given 
treatment to prevent hypoglycemia and advice to the 
mother on keeping the young infant warm while 
arranging referral. 

* A sick young infant with jaundice is one who has 
jaundice but the palms and soles are not yellow. This 
infant should be given home care, but mother should 
be advised when to return immediately and should be 
seen in follow-up in two days. 


Assessing for Diarrhea 


Diarrhea is a main symptom, which is assessed if the 
mother says it is present. Exclusively breast-fed infariis 
normally pass frequent soft stools. This should not be 
confused with diarrhea. A young infant is said to have 
diarrhea if the stools have changed from usual pattern 
and the child is passing many watery stools (more water 
than fecal matter). 


Clinical Assessment and Classification 


All infants with diarrhea should be assessed for presence 
of dehydration. A number of clinical signs are used to 
determine the level of dehydration: infant's general 
condition (lethargic or unconscious or restless /irritable); 
sunken eyes and elasticity of skin (skin pinch goes back 
very slowly, slowly or immediately). 

All young infants with diarrhea are classified for degree 
of dehydration. Young infants with severe dehydration 
will need IV fluids while those with some dehydration 
are treated as plan B with oral rehydration, Young infants 
with no dehydration will require more fluid to prevent 
dehydration. 


Checking for Feeding Problems or Very Low Weight 


All sick young infants seen in oy ahient health facilities 
should be routinely evaluated fee adequate feeding and 
have their weight checked), Infants who are very low 
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weight (weight <1800 g) are given pink classification and 
should be referred to a hospital. Infants who are low 
weight (weight 1800-2500 g) need special attention to how 
they are fed and on keeping them warm. 

To assess the young infant for feeding problems the 
mother is asked specific questions about infant feeding to 
determine if the feeding practices are optimal. If there is 
no indication for referral the mother is observed for 
breastfeeding. Breastfeeding is observed to see the signs 
of attachment and whether the infant is suckling 
effectively. Mothers of infants with problem in feeding 
are counseled appropriately. Infants who are not low 
weight for age and have no feeding problem are classified 
as ‘no feeding problem’ and counseled about home care 
of young infant. 


Checking Immunization Status 


Immunization status should be checked in all sick young 
infants. A young infant who is not sick enough to be 
referred to a hospital should be given the necessary 
immunizations before he is sent home. 


Assessing other Problems 


All sick young infants need to be assessed for other 
potential problems mentioned by the mother or observed 
during the examination. If a potentially serious problem 
is found or there are no means in the clinic to help the 
infant, he should be referred to hospital. 


Identify Treatment and Treat 


The next step is to identify treatment required for the 
young infant according to the classification (see Charts). 
All the treatments required are listed in the ‘Identify 
Treatment’ column of the ASSESS and CLASSIFY THE 
SICK YOUNG INFANT. If a sick infant has more than 
one classification, treatment required for all the 
classifications must be identified. The first step is to 
determine if there is need to refer the child to hospital. 

All infants and children with a severe classification 
(pink) are referred to a hospital as soon as assessment is 
completed and necessary pre-referral treatment is 
administered. Successful referral of severely ill infants to 
the hospital depends on effective counseling of the 
caretaker. 

The first step is to give urgent prereferral treatment 
(written in bold font in identify treatment section of chart). 
This may be: 
¢ Administering first dose of antibiotic 
* Treatment of severe dehydration 
* Prevention of hypoglycemia with breast milk; if young 

infant is not able to swallow give expressed breast 

milk/appropriate animal milk with added sugar by 
nasogastric tube 

* In young infants with diarrhea, giving frequent sips of 
ORS solution on the way to the hospital. 


Non-urgent treatments, e.g. applying gentian violet 
paint on skin pustules, should be deferred to avoid 
delaying referral or confusing the caretaker. 

e Jf an infant does not need urgent referral, check to see 
if the infant needs non-urgent referral for further 
assessment. These referrals are not as urgent, Other 
necessary treatments may be done before referral. 


Treatment in Outpatient Clinic and at Home 


Young infants who have local infection, feeding problem 
or low weight, or diarrhea with some dehydration should 
have treatment initiated in clinic, which is continued at 
home. Counseling a mother/caretaker is critical for home 
care. The health professional should use good communica- 
tion skills while counseling the mother/caretaker for 
treatment (Box 31.2). 





Box 31.2: Effective communication and counseling—APAC 


© Ask and listen: Ask the mother/caretaker and listen carefully 
to find out the young child’s problems and what the mother/ 
caretaker is already doing for the young infant 


® Praise: Praise the mother/caretaker for what she has done 
well 


Advise and teach: Advise the mother/caretaker how to take 
care of young child at home (for tasks which require mother/ 
caretaker to carry out treatment at home: give information, 
show an example, and let her practice) 


Check: Before the mother/caretaker leaves, always check 
understanding by asking questions to find out what she 
understands and what needs further explanation 


Advise when to Return 


Immediately: Return immediately if the infant has any of 
these signs: breastfeeding or drinking poorly, becomes 
sicker, develops a fever or feels cold to touch, fast 
breathing, difficult breathing, yellow palms and soles (if 
young infant has jaundice), diarrhea with blood in stool. 


For follow-up visit; Return not later than 2 days if the 
infant has: Local bacterial infection or, jaundice or diarrhea 
or feeding problem or thrush; and not later than 14 days 
if low weight. 


Next well child visit: For immunization and feeding 
counseling. 


Counsel the Mother about her Own Health 


During a sick infant visit, listen for any problems that the 
mother herself may be having. She may need treatment 
or referral for her own health problems. If the mother is 
sick, provide care for her, or refer her for help. Advise her 
to eat well to keep up her own strength and health. Check 
her immunization status and give tetanus toxoid if needed. 
Give the mother iron folic acid tablets if she is not taken 
them. Make sure she has access to family planning and 
counseling on STD and AIDS prevention. 
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OUTPATIENT MANAGEMENT OF SICK CHILD AGE 
2 MONTHS TO 5 YEARS 


The assessment procedure is similar to that of young infant 
including: (i) History taking and communicating with the 
caretaker about the child’s problem; (ii) checking for 
general danger signs; (iii) checking main symptoms; 
(iv) checking for malnutrition; (v) checking for anemia; 
(vi) assessing the child’s feeding; (vii) checking immuniza- 
tion status; and (viii) assessing other problems. 


Communicating-History Taking 


A sick child brought to an outpatient facility may have 
signs that clearly indicate a specific problem. However, 
some children may present with serious, nonspecific signs 
called General Danger Signs that do not point to a 
particular diagnosis. For example, a child who is lethargic 
or unconscious may have meningitis, severe pneumonia, 
cerebral malaria or any other severe disease. Great care 
should be taken to ensure that these general danger signs 
are not overlooked because they suggest that a child is 
severely ill and needs urgent attention. 





Assessing for General Danger Signs 


The following signs should be routinely checked in all 
children: (i) History of convulsions during the present 
illness, (ii) unconsciousness or lethargy, inability to drink 
or breastfeed when mother tries to breastfeed, or to give 
child something to drink; (iii) child vomits everything; and 
(iv) child is presently having convulsions. 

If a child has one or more of these signs, he must be 
considered seriously ill and will almost always need 
referral. 


Assessing for Main Symptoms 


After checking for general danger signs, the health care 
provider must enquire about the following main 
symptoms: (i) Cough or difficult breathing; (ii) diarrhea; 
(iii) fever; and (iv) ear problems. If the symptom is present 
the child is evaluated for that symptom. 


Cough or Difficult Breathing 


Four key clinical signs are used to assess a sick child with 

cough or difficult breathing: 

e Fast breathing: Cut-off respiratory rate for fast breathing 
is >50 breaths per minute for a child 2-12 months and 
>40 breaths per minute for 12 months up to 5 years 

¢ Lower chest wall indrawing 

© Stridor 

° Wheeze 
Patients with wheezing and either fast breathing or 

chest indrawing are given a trial of rapid acting inhaled 

bronchodilator for up to three times 15-20 minutes apart. 
The patient is observed again for respiratory rate and signs 
of chest indrawing, and reclassified as follows: 
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Classification of cough or difficult breathing: Those 
requiring referral for possible severe pneumonia oF oe 
disease, This group includes children with any genera 
danger sign, or stridor when calm. Children with severe 
pneumonia or severe disease most likely have an sie 
bacterial organisms and diseases that may ee ah 
threatening. The patient needs urgent referral to a hosp! 
for treatment, such as oxygen, a bronchodilator or 
injectable antibiotics. Pulse oximeter Is used to SerenUn 
oxygen saturation and patient referred if <90%. 


Those who require antibiotics as outpatients because 
they are highly likely to have bacterial pneumonia. A 
child with cough or difficult breathing who has fast 
breathing and or chest indrawing is classified as having 
pneumonia. This child should not have a general danger 


signs, or stridor and his oxygen saturation is >90%. 


Those who simply have a cough or cold and do not 
require antibiotics. Such children may require a safe 
remedy to a relieve cough. A child with cough and cold 
normally improves in 1-2 weeks. However, a child with 
chronic cough (more than 14 days) needs to be further 
assessed (and, if needed, referred) to exclude tuberculosis, 
asthma, whooping cough or another problem. 


Diorrhea 


A child with diarrhea passes stools with more water than 
normal. A child with diarrhea may have (i) acute watery 
diarrhea (including cholera); (ii) dysentery (bloody 
diarrhea); or (iii) persistent diarrhea (diarrhea that lasts 
14 days or more). 

Clinical assessment and classification. All children with 
diarrhea should be assessed for dehydration based on the 
following clinical signs: General condition (lethargic cr 
unconscious or restless/irritable); sunken eyes; child's 
reaction when offered to drink (not able to drink or 
drinking poorly or drinking eagerly /thirsty or drinking 
normally) and elasticity of skin (skin pinch goes back Garr 
slowly, slowly or immediately). In addition a child with 
diarrhea should be asked how long the child has had 
diarrhea and if there is blood in the stool. This will allow 


identification of children with persistent diarrhea and 
dysentery. 


Fever 


All cases with fever are suspected to have malaria after 
ruling out other common causes and should be 
investigated for confirmation of malaria b 
or rapid diagnostic kit (RDK) so as to ensure treatment 
wi ll therapeutic d : 
chan ae sean SEPISP Hate dng to'all 
History of duration of fever is im 
fever. If fever has persisted daily for 
the child needs to be referred to , 
and diagnostic tests. The oth 
with fever include general d 


y Microscopy 


portant in evaluating 
more than seven days 
 Nospital for assessment 
<T 8igns looked for in a child 
anger signs (assessed earlier) 
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and signs of meningitis, e.g. stiff neck. Besides these, signs 
of measles such as cough/difficult breathing, diarrhea, 
cornea clouding, mouth ulcers and ear infections. Before 
classifying fever, one should check for other obvious 
causes of fever. 


Eor Problems 


A child with an ear problem may have otitis. It may be 
acute or chronic infection. If the infection is not treated, 
the ear drum may perforate. The mother is asked about 
history of ear pain and ear discharge or pus. The child is 
examined for tender swelling behind the ear. Based on 
these clinical findings a child can be classified as 
mastoiditis, acute ear infection, chronic ear infection or 
no ear infection. Children with mastoiditis are classified 
as severe illness and referred urgently to hospital. Children 
with acute ear infection are given oral antibiotics and those 
with chronic ear infection are advised to keep the ear dry 
by wicking. 


Checking for Malnutrition 


After assessing for general danger signs and the four main 
symptoms, all children should be assessed for malnutrition. 
There are two main reasons for routine assessment of 
nutritional status in sick children: (i) To identify children 
with severe malnutrition who are at increased risk of 
mortality and need urgent referral to provide active 
treatment; and (ii) to identify children with suboptimal 
nutritional status resulting from ongoing deficits in dietary 
intake plus repeated episodes of infection and who may 
benefit from nutritional counseling. 


Clinical assessment and classification: Edema of both feet; 
weight for height; mid-upper arm circumference (only for 
children 6-59 months) 

The child is classified as Complicated Severe Acute 
Malnutrition when they have severe acute malnutrition 
(edema of both feet, weight for height/length less than 
-3 SD scores, or mid-upper arm circumference less than 
115mm) and at least one medical complication, including 
any general danger sign, any severe classification, or 
pneumonia with chest indrawing or a feeding problem 
in children under 6 months. Children classified as having 
complicated severe acute malnutrition are at high risk of 
death from pneumonia, diarrhea, measles, and other 
severe diseases. These children need urgent referral to 
hospital where their treatment can be carefully monitored. 

If the child has at least one sign of severe acute mal- 
nutrition, but does not have other signs of complication, 
they are classified as Uncomplicated Severe Acute 
Malnutrition. A child is classified as Moderate Acute 
Malnutrition if the weight-for-age is between —3 and -2 
Z-scores or MUAC is between 115 and 125 mm. The child 
is classified as No Acute Malnutrition if the child has a 
weight-for-age over -2 Z-scores, and has no other signs 
of malnutrition. 


Checking for Anemia 


Palmar pallor can help to identify sick children with severe 
anemia. Wherever feasible, diagnosis of anemia can be 
supported by using a simple laboratory test for 
hemoglobin estimation. For clinical assessment of anemia 
the color of the child’s palm is compared with examiner’s 
own palm. If the skin of the child’s palm is pale, the child 
has some palmar pallor. If the skin of the palm is very 
pale or so pale that it looks white, the child has severe 
palmar pallor. Pallor is classified as severe anemia, anemia 
or no anemia. 


Assessing Child's Feeding and 
Development Support Care 


All children less than 2 years old and all children classified 
as moderate acute malnutrition need to be assessed for 
feeding and development support care. 

Feeding assessment includes questioning the mother 
or caretaker about: (i) Breastfeeding frequency and night 
feeds; (ii) types of complimentary foods or fluids, 
frequency of feeding and whether feeding is active; and 
(iii) feeding patterns during the current illness. The mother 
or caretaker should be given appropriate advice to help 
overcome any feeding problems found. 


Assessment of development support care includes 
assessment of mother’s sensitivity and responsiveness 
to the child’s needs through questioning the mother or 
caretaker about: (i) Playing with the baby; (ii) talking to 
the baby, and (iii) making the baby smile and the learning 
pattern of the child. The mother or caretaker should be 
given appropriate advice to help overcome any playing 
and communication problems found (for more details, 
refer to the section on counselling the mother or 
caretaker). 


Identify Feeding Problems 


It is important to complete the assessment of feeding by 
referring to age appropriate feeding recommendations 
and identify all the feeding problems before giving advice. 
Other common feeding problems are: Difficulty breast- 
feeding, use of feeding bottle, lack of active feeding and 
not feeding well during illness. 


Identify Developmentally Supportive 
(Family Interaction) Problems 


It is important to complete the assessment of family 
interaction and identify all the problems before giving 
advice. Based on the mother’s answers to the questions, 
identify any differences between the family’s actual 
interaction (sensitivity and responsiveness) and the 
recommendations. These differences are problems. 
Some examples of interaction problems are listed in 


Box 31.3. 
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Box 31.3: Examples of interaction problems 





Family interaction Recommended action 


Mother reports, “she does Discuss ways to help baby see, 

not play with baby” hear, feel and move, appropriate 
for age, ask caregiver to do play 
or communication activity, 
appropriate for age 

Mother reports, “she does If baby is less than 6 months ask 

not talk to child or talks _ caregiver to looks into baby’s eyes 

harshly to child” and talk to baby. For older 
children give caregiver and child. 
an activity to do together. Help 
mother interpret what child is 
doing and thinking and see child 
respond and smile. If the mother 
scolds child, help caregiver 
distract child from unwanted 
actions by giving alternative toy or 
activity. If the mother is not able 
to comfort child and child does not 
look at the mother for comfort: 
help mother look into child’s eyes 
and gently talk to child and hold) 
child. 


Mother tries to force smile Ask mother to make large gestures 
or is not responsive to baby and cooing sounds; copy baby’s 
sounds and gestures and see 

baby’s responses. 
Mother says the childis Encourage more activity with the’ 
slow to learn child, check hearing and seeing.’ 
Refer child with difficulties | 
| 


—_— = —> _ = —— —_ ~ 


Checking Immunization, Vitamin A and Folic Acid 
Supplementation and Deworming Status 


The immunization status of every sick child brought to a 
health facility should be checked. After checking 
immunization status, determine if the child needs vitamin 
A supplementation and/or prophylactic iron folic acid 
supplementation or deworming administration. 


Assessing other Problems 


The IMNCI clinical guidelines focus on five main 
symptoms In addition, the assessment steps within each 
main symptom take into account several other common 
problems. For example, conditions such as meningitis, 
sepsis, tuberculosis, conjunctivitis, and different causes 
of fever such as ear infection and sore throat are routinely 
assessed within the IMNCI case management process. 


Identify Treatment and Treat 


All the treatments required are listed in the Identify 
Treatment column of the Assess and Classify the Sick 
Child Age 2 months up to 5 years (see Chart). All sick 
children with a severe classification (pink) are referred to 
a hospital as soon as assessment is completed and 
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necessary pre-referral treatment is administered. If a child 
only has severe dehydration and no other severe 
classification, and IV infusion is available in the outpatient 
clinic, an attempt should be made to rehydrate the sick 
child. The principles of referral of a sick child are similar 
to those described for a sick young infant. 


Referral of Children Age 2 Months to 5 Yeors 


For all children before referral 

1. Prevent low blood sugar by giving breast milk or sugar 
water. 

2. For convulsions give diazepam (10 mg/2 mL solution) 
in dose 0.2 mg per kg (0.05 ml/kg) IV or rectally; if 
convulsions continue after 10 minutes, give a second 
dose of diazepam. 

3. For severe pneumonia or severe disease (as also for 
mastoiditis), give first dose of IV or intramuscular 
antibiotic. Options for an intramuscular antibiotic for 
pre-referral use include (ampicillin plus gentamicin 
combination, OR ceftriaxone). 

4. For very severe febrile disease, give one dose of 
paracetamol for high fever (38.5°C or above); give first 
dose of intramuscular quinine/artesunate for severe 
malaria in high Plasmodium falciparum area, and give 
first dose of an appropriate antibiotic. 

9. For severe complicated measles, give first dose of 
appropriate antibiotic, give vitamin A, and if there is 
clouding of the cornea or pus draining from the eye, 
apply tetracycline eye ointment. 

6. For severe dehydration, IV fluids should be given in 
the outpatient clinic according to WHO Treatment 
Plan C, Give 100 mL/kg IV fluids. Ringer’s lactate 
solution is the preferred commercially available 
solution. 

7. For severe persistent diarrhea, treat dehydration before 
referral using WHO Treatment Plan B for some 
dehydration and Plan C for severe dehydration. 

8. For severe acute malnutrition, give first dose of 
intramuscular antibiotics. Options for an intramuscular 
antibiotic for pre-referral use include ampicillin plus 


gentamicin combination OR ceftriaxone. Oral amoxicillin 
can be an option. 


Treatment in Outpatient Clinics and at Home 


Identify the treatment associated with each nonreferral 
classification (yellow and green) in the IMNCI chart. 
Treatment uses a minimum of affordable essential drugs 
(Box 31.4). 


Counseling a Mother or Caretaker 


A child who is seen at the clinic needs to continue 
treatment, feeding and fluids at home. The child’s mother 
or caretaker also needs to recognize when the child is not 
improving, or is becoming sicker, The success of home 
treatment depends on how well the mother or caretaker 
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Classification 
Pneumonia 


No pneumonia-cough or cold 


some dehydration 


No dehydration 


Persistent diarrhea 


Dysentery 


Malaria/suspected malaria 


Fever-Malaria unlikely 


Measles with eye or mouth 
complications 


Measles currently (or within 
the last 3 months) 


Acute ear infection 


Chronic ear infection 
‘Uncomplicated severe acute 
‘malnutrition 
Moderate acute malnutrition 


No acute malnutrition 


‘Anemia 


No anemia 





Box 31.4: Treatment in outpatient clinics or at home 


Treatment 
Oral amoxicillin for five days. 


Soothe the throat and relieve the cough with a safe remedy. 

WHO Treatment Plan B 

Give initial treatment with ORS over a period of four hours; a total of 75 ml per kg. If the 
child is breastfed, breastfeeding should continue. After four hours, the child is reassessed 
and reclassified for dehydration, and feeding should begin; resuming feeding early is 
important to provide required amounts of potassium and glucose. When there are no signs 
of dehydration, the child is put on Plan A. If there is still some dehydration, Plan B should 
be repeated. If the child now has severe dehydration, the child should be put on Plan C. 
Zinc supplements are given to children with acute diarrhea, persistent diarrhea and 
dysentery for 14 days. 

WHO Treatment Plan A 

Plan A focuses on the four rules of home treatment: Give extra fluids, zinc supplements, 
continue feeding, and advise the caretaker when to return to the doctor (if the child develops 
blood in the stool, drinks poorly, becomes sicker, or is not better in three days). Fluids 
should be given as soon as diarrhea starts; the child should take as much as she/he wants. 
Correct home therapy can prevent dehydration in many cases. ORS may be used at home 
to prevent dehydration. However, other fluids that are commonly available in the home 
may be less costly, more convenient and almost as effective. Most fluids that a child normally 
takes can also be used for home therapy especially when given with food. 

Zinc supplements are given to children with acute diarrhea, persistent diarrhea and 
dysentery for 14 days. 

Encourage the mother to continue breastfeeding. 

If yoghurt is available, give it in place of any animal milk usually taken by the child; yoghurt 
contains less lactose and is better tolerated. If animal milk must be given, limit it to 50 ml/ 
kg per day; greater amounts may aggravate the diarrhea, 

If milk is given, mix it with the child’s cereal and do not dilute the milk. Food needs to be 
given in frequent, small meals, at least six times a day. All children with persistent diarrhea 
should receive supplementary multivitamins and minerals (copper, iron, magnesium, zinc) 
each day for two weeks. 

The key elements of dysentery treatment are: Antibiotics, fluids, zinc supplements, feeding. 
and follow-up. Selection of an antibiotic is based on sensitivity patterns of strains of Shigella 
isolated in the area (cefixime or ciprofloxacin is the drug of choice in many areas) for 
5 days, 

Use drugs recommended by the National Anti-Malaria Program in India. 


Give one dose of paracetamol for high fever (38.5°C or above),Treat other obvious causes of 
fever. 

Give first dose of vitamin A. If clouding of cornea or pus draining from the eye, apply 
tetracycline eye ointment. If mouth ulcers, treat with gentian violet. 


Give first dose of vitamin A. 


Give appropriate antibiotic for five days; give one dose of paracetamol for pain; dry the ear 
by wicking. 

Dry the ear by wicking. 

Counsel the mother on how to feed the child 


Assess the child’s feeding and counsel the mother accordingly on feeding. 


If the child is less than 2 years old, assess the child’s feeding and counsel the mother 
accordingly on feeding. 


Give iron folic acid therapy as per national guidelines. 
Give prophylactic iron folic acid as per national guidelines. 
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knows how to give treatment, understands its importance 
and knows when to return to a health care provider. 
Table 31.1 lists the specific times to advise a mother or 
caretaker to return to a health facility. 
(Table 31.1: Follow-up visits 
When to return 
[mmediately 
e Any sick child not able to drink or breastfeed, or becomes 
sicker or develops a fever 
* \f child has no pneumonia: Cough or cold, also return if fast 
breathing or difficult breathing 
* If child has diarrhea, also return if blood in stool or drinking 
poorly 
For follow-up visit (not later than...) 


* 2 days: Pneumonia, dysentery, malaria/suspected malaria/ 
fever; malaria unlikely if fever persists; measles with eye or 
mouth complications. 

* 5 days: Diarrhea, if not improving, persistent diarrhea, acute 
ear infection, chronic ear infection, uncomplicated acute 
malnutrition/feeding problem, any other illness, if not 
improving. 

* 14 days: Anemia 

* 30 days: Moderate acute malnutrition 


Advise when to return for the next immunization according to 
immunization schedule. 





Salient Adaptations in IMNCI (2017) 


In general the adaptations were undertaken to update as 
per global advancements and in line with the various 
guidelines of India released from time to time. The 
adaptation took into consideration revised WHO IMCI 
charts released in 2014 and antimicrobial therapy 
advancements. A major adaptation included incorporation 
of Early Child Development messages along with 
nutritional counseling. 


IMNCI Charts are provided in the next few pages 


© Reduction of signs of possible severe vacterial infection 
(PSBI) in young infants 

© Revised drug dosages for pre-referral treatment of 
possible severe bacterial infection | 

* Simplified classifications of diarrhea in young Infants 

© Mandatory assessment of breastfeeding in all young 
infants 

a i ;mmunization schedule and addition of 
deworming as per immunization and deworming 
policy of India = 

« Removed weight for age as criteria for referral and 
referral of low birth weight aligned with other existing 
new-born training packages | 

¢ Added classifying danger signs as severe disease with 
addition of convulsing now 

¢ Added use of rapid acting bronchodilator before 
classifying wheeze with fast breathing / chest indrawing 
in children presenting with cough or difficult breathing 

¢ Revised signs for classifying pneumonia as per WHO 
recommendations 

¢ Added use of pulse oximetry for classifying pneumonia 

e Revised classification of fever as per National Ant- 
Malaria Program guidelines including use of RDT and 
drugs for treating malaria 

¢ Signs for severe acute malnutrition revised 

e Added early child development in the section on 
feeding counseling 


Suggested Reading 


* IMCI: Global Survey report. World Health Organization; 2017 

* Integrated Management of Childhood Illness Chart Boox *t. 
Geneva: World Health Organization; 2014 

« Oxygen therapy for children: a manual for health workers. Gene’ 2: 
World Health Organization; 2016 

* Pediatric emergency triage, assessment and treatment: care of 
critically ill children: Updated guideline. Integrated Manager: 
of Child Illness. World Health Organization; 2016 


ASSESS AND CLASSIFY THE SICK YOUNG INFANT 
AGE UP TO 2 MONTHS 


ASSESS 


ASK THE MOTHER WHAT THE YOUNG INFANT'S PROBLEMS ARE 
© Determine if this is an initial or follow-up visit for this problem. 

- if follow-up visit, use the follow-up instructions on the bottom of this chart. 
- ff initial visit, assess the young infant as follows: 


"CHECK FOR POSSIBLE BACTERIAL 
INFECTION / JAUNDICE 


Classify 
ALL 






















ASK: 





LOOK, LISTEN, FEEL: 


YOUNG 
INFANTS 





* Is the infant « Count the 


having breaths in one 

difficulty in minute. YOUNG 

feeding? Repeat the court INFANT 
e Has the if elevated. MUST 

infant e Look for severe chest indrawing. BE 

had CALM 


convulsions? e Look at the umbilicus. 

is it red or draining pus? 
Look for skin pustules 
Measure axillary temperature 
(if not possible, feel for fever or low body 
temperature). 

Look at the young infant's movements 

If infant is sleeping, ask the mother to awake 
hinvher. 

- Does the infant move on his/her own? 

If the young infant is not moving,gently 
stimulate him/her. 

- Does the infant not move at all? 

© Look for jaundice? 

Are the palms and soles yellow? 





And if the infant 
has jaundice 





USE ALL BOXES THAT 
MATCH INFANT’S 
SYMPTOMS AND 

PROBLEMS TO 


CLASSIFY THE ILLNESS. assessment and 


SIGNS 



























e Not able to feed or 

¢ Convulsions or 

e Fast breathing (60 breaths per minute or 
more) or 

e Severe chest indrawing or 

e Axillary temperature 37.5°C or above (or 
feels hot to touch) or 

e Axillary temperature less than 35.5°C (or 
feels cold to touch) or 

© Movement only when stimulated or no 

movement at all. 
















e Umbilicus red or draining pus or 
e Skin pustules. 












«Palms and soles yellow or 
« Any jaundice at age < 24 hours or age 
14 days or more 





e Palms and soles not yellow 


CLASSIFY 





IDENTIFY TREATMENT 


A child with a pink classification needs URGENT attention, complete the 


prereferral treatment immediately so referral is not delaye d 





IDENTIFY TREATMENT 
(Urgent pre-referral treatments are in bold print.) 


CLASSIFY AS © 


> Give first dose of ampicillin /oral amoxycillin and 
intramuscular gentamicin. 





POSSIBLE 
SERIOUS 
BACTERIAL 
INFECTION 





> Treat fo prevent low blood sugar. 






» Warm the young infant by skin to skin contact 
while arranging referral 





> Advise mother how to keep the young infant 
warm on the way to the hospital 





>» Refer URGENTLY to hospital 






LOCAL 
BACTERIAL 
INFECTION 


» Give oral amoxycillin for 5 days. 
>Teach mather to treat local infections at home. 
» Follow up in 2 days. 





> Treat to prevent low blood sugar. 





SEVERE 
JAUNDICE 






> Warm the young infant by skin to skin contact 
while arranging referral. 





» Advise mother how to keep the young infant 
warm on the way fo the hospital 


>» Refer URGENTLY to hospital 






JAUNDICE >» Advise mother to give home care for the young 


infant 





> Follow up in 2 days. 
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AGE UP TO 2 MONTHS 


— a 


ae -_ -— — — 
| 
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“THEN ASK: 
Does the young infant have diarrhoea?* 


— i — 
$= ss 


] 


| | !F YES LOOK AND FEEL: 

| ¢ Look at the young infant's general condition: 

|_| Infant's movements 

be ¢ Does the infant move on his/her own? 

¢ Does the infant move only when stimulated but 
then stops? 

| ¢ Does the infant not move at all? 

| @ Is the infant restless and irritable? 

| 


e Look for sunken eyes. 


e Pinch the skin of the abdomen. 
Does it go back: 
@ Very slowly (longer than 2 seconds)? 


* Slowly? 


if the stools have changed from usual pattern and are many and watery 
(more water than fecal matter). The normally frequent or loose stools of 


, a breastfed baby are not diarrhea. 


Classify 
DIARRHOEA 


| « Movement only when 


stimulated or no 
movement at all 


| e Sunken eyes 
| Skin pinch goes back 


very slowly. 


_ | Restless, irritable. 
__ | Sunken eyes. 
4 | Skin pinch goes back 


slowly. 


| e Not enough signs to 


Classify as some or 
severe 
dehydration. 





DEHYDRATION 


SOME 
DEHYDRATION 





t dose of intramuscular ampicillin (Oral Amoxycillinjand 
gentamicin. 


>If infant also has another severe classification: 


ORS on the way. 
- Advise mother to continue breastfeeding. 


- Advise mother how to keep the young infant warm on the way 
to the hospital. 
>If infant does not have any other severe classification: 
- Give fluid for severe dehydration (Plan C) and then refer to hospital 


after rehydration 
> if infant also has another severe classification or Low Weight: 
-Give first dose of intramuscular ampicillin (Oral Amoxycillin) 


and gentamicin 
- Refer URGENTLY to hospital with mother giving frequent 


sips of ORS on the way. 
-Advise mother to continue breastfeeding. 


the hospital 


> If infant does not have low weight or another severe classification 
- Give fluids for some dehydration (Plan B). 
- Advise mother when to retum immedidely. 


- Follow up in 2 days 
>Give fluids to treat diarrhea at home (Plan A). ~ 


> Follow up in 5 days if not improving 





SOINE|paq jeNuassy 


AGE UP TO 2 MONTHS 







Va Wie re = an de: 
THEN CHECK F FOR FEEDING PROBLEM OR VERY Low WEIGHT: 






> Treat to prevent low blood sugar. 


LOOK, FEEL: 
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Classify 
FEEDING 













» Advise mother how fo keep theyoung infant 










« Is the infant breastfed? If yes, ¢ Determine weight 





how many times in 24 hours? <1800 gm e Weight <1800 gm Very Low Weight| ‘arm on the way to the hospital 
| ¢ Does the infant usually receive 1800-2500 gm 
| any other foods or drinks? 22500 gm >» Refer URGENTLY to hospital 


If yes, how often? 
e What do you use to feed the infant? 


“et 





\F AN INFANT: Has no indications to refer urgently to hospital: 
>If not well attached or not suckling effectively, 


teach correct position and attachment 


>If breastfeeding less than 8 times in 24 hours, 
advise to increase frequency of feeding 


>If receiving other foods or drinks, counsd 

























ASSESS BREASTFEEDING: ¢ Nol well attached to breast or 





¢ Not suckling effectively or 






-} © Has the infant breastfed If the infant has not fed in the previous hour, ask the mother 






« Less than 8 breastfeeds in 



























‘| inthe previous hour? to put her infant to the breast. Observe the breastfeed for oe hawiccon mother about breastfeeding more, raducing ; 
4 minutes. oie 
' (If the infant was fed during the last hour, ask the mother if 2 epatvab cifier bods Gr arial piaiegs GF. CINSS, BN BING 2 Ap.ANe 
j she can wait and tell you when the infant is willing to feed ae blsowatehd : ae ee, 
| again.) * If not breastfeeding at all, advise mother — 
f e Is the infant able to attach? Thrush (ul iasainh OR about giving locally appropriate animal milk 
no attachment at ail not well attached good attachment . ™ ns hs = Fs of wile palcnes) LOW WEIGHT and teach the mother to feed with a cup and 


spoon. 


» If thrush, teach the mother to treat thrush at 
home. 

> If low weight, teach the mother how to keep the 
young infant with low weight warm at home. 


» If breast or nipple problem, teach the mother to} © 
treat breast or nipple problems. 


» Advise mother to give home care far the young 
infant. 


» Advise mother when to retum immediately. 


» Follow-up any feeding problem or thrush in 
2 days. 


Follow-up low weight in 14 days. 








TO CHECK ATTACHMENT, LOOK FOR: e Weight 1800-2500 gm 





- Chin touching breast 

- Mouth wide open 

- Lower lip tumed outward 

- More areola visible above than below the mouth 


or 










e Breast or nipple problems 





(All of these signs should be present if the attachment is good ) 


« Is the infant suckling effectively (that is, slow deep sucks, 
sometimes pausing)? 


not suckling at all not suckling effectively suckling effectively 


Clear a blocked nose if it interferes with breastfeeding. 










e Look for ulcers or white patches in the mouth (thrush). NO FEEDING 


PROBLEM 


e Weight 22500 gm and no 
other signs of inadequale 
feeding. 








» Advise mother to give home care for the young 
* Does the mother have infant. 
pain while breastfeeding? 'f yes, look and feel for: 

e Flat or inverted nipples, or sore nipples 


« Engorged breasts or breast absces 





> Praise the mother for feeding the infant well. 
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VACCINE 


IMMUNIZATION _ Birth OPVO BCG HEP-B 0 
SCHEDULE*: 






6 weeks OPV 1 Penta-1 Rota Virus 





_ *Rotavirus to be given wherever included in the immunization schedule. 


ASSESS OTHER PROBLEMS | 
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ASSESS AND CLASSIFY THE SICK CHILD 
AGE 2 MONTHS UP TO 5 YEARS 


ASSESS CLASSIFY IDENTIFY 
TREATMENT 
ASK THE MOTHER WHAT THE CHILD’S PROBLEMS ARE USE ALL BOXES THAT MATCH THE 
e Determine if this is an initial or follow-up visit for this problem. CHILD’S SYMPTOMS AND PROBLEMS 
- if follow-up visit, use the follow-up instructions on TREAT THE CHILD chart. TO CLASSIFY THE ILLNESS. 


- if initial visit, assess the child as follows: 






CLASSIFY AS IDENTIFY TREATMENT — 


CHECK FOR GENERAL DANGER SIGNS 


» Any general danger sign VERY Give diazepam if convulsing now and 
/| ASK: LOOK: Urgent SEVERE DISEASE maintain airway 
os attention : 
e Is the child able to drink or breastfeed? = * See if the child is lethargic or Quickly complete the assessment 


* Does the child vomit everything? unconscious. 


| » Has the child had convulsions? « Is the child convulsing now? Treat fo prevent low blood sugar 


Refer URGENTLY to hospital 


—_ 


A child with any general danger sign needs URGENT attention; complete the 
assessment and any pre-referral treatment immediately so referral is not 


delayed. 
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ASSESS AND CLASSIFY THE SICK CHILD 
AGE 2 MONTHS UP TO 5 YEARS 


ASSESS 


ASK THE MOTHER WHAT THE CHILD'S PROBLEMS ARE 


e Determine if this is an initial or follow-up visit for this problem. 


- if follow-up visit, use the follow-up instructions on TREAT THE CHILD chart. 


- if initial visit, assess the child as follows: 









“~ 
. 
- 


THEN ASK ABOUT MAINISYMPTOMS: | 


~~... 2” + 




























e Look and listen for stridor. 
« Look and listen for 
wheezing. 














If wheezing with either fast 
breathing or chest indrawing: 
Give a tral of rapid acting inhaled 
bronchodilator for up to three 
times 15-20 minutes apart. Count 
the breaths and look for chest 
indrawing again, and then classify. 









Fast breathing is: 


H the child is: 
50 breaths per minute or more 


2 months up to 12 months 





40 breaths per minute or more 





{ 12 months up to 5 years 


as ae ee oe a 
<= <——in="s — ea ee 


sure availability 





aay 








of pulse oximeter, determine oxygen saturation and refer if <90%. 


IDENTIFY 
TREATMENT 


CLASSIFY 


USE ALL BOXES THAT MATCH THE 
CHILD'S SYMPTOMS AND PROBLEMS 
TO CLASSIFY THE ILLNESS. 


IDENTIFY TREATMENT  ~— 


CLASSIFY AS . | 
(Urgent pre-referral treatments are in bold print.) 


;" SIGNS 













































































Pe pee y haan ET pa | ee a ep PPP ere Z | 
Does the child have cough r difficult breathing? = — | 
Ir ee Se) ie CT tht keke Te ak > e Any general danger sign or SEVERE > Give first dose of ampicillin/oral amoxycillinand y 
= ; , idor i ild. PNEUMONIA intramuscular gentamicin. 
IF YES,ASK: LOOK, LISTEN: Classify | monn OR VERY Peay | 
SEVERE DISEASE | > Refer URGENTLY fo hospital. 4 
» For how long? e Count the breaths in one COUGH or p u 

minute. CHILD | DIFFICULT » Cheet Indrawing o > Give Amoxycillin for 5 days. - 

* Look for chest indrawing. MUST BE | BREATHING ° Fast breathing >If wheezing (or disappeared after rapidly acting 

CALM , bronchodilator) give an inhaled bronchodilator for Fr 








5 days* 

» Soothe the throat and relieve the cough with 
a safe remedy if child is 6 months or older. 

>If coughing more than 14 days or recurrent wheeze, 
refer for possible TB or asthma assessment 

»Advise mother when to return immediately. 

> Follow-up in 2 days. 

>If Oxygen saturation <90% by Pulse Oximeter refer 
urgently 

>If wheezing (or disappeared after rapidly acting 
bronchodilator) give an Inhaled bronchodilator for 5 
days” 

» Soothe the throat and relieve the cough with a safe 
home remedy if child is 6 months or older, 

¥If coughing more than 14 days or recurrent wheeze 
refer for possible TB or asthma assessmert 

»Advise mother when to return immediately. 

» Follow-up in 5 days if not improving. 


— Sie, _ 



















No signs of pneumonia 
or very severe disease. 






NO PNEUMONIA: 
COUGH OR COLD 























| oo: 
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AGE 2 MONTHS UP TO 5 YEARS 


IF YES, ASK: LOOKAND FEEL: | Rag: > 
DEHYDRATION 


¢ Forhowlang? = -Look at the chid’s gona 
* Is there blood ins the chuld: 
the stool? 
- Lethargic of unconeacus7 
- Restess and inttable? 


© Lock for sunten eyes. 


Classify 
o Ofer te cieid fad. bs the child: DIARRHOEA 


- 1h athe lo dark of Onniang 
pony? 
- Drviry eagerty, esty7 


*e Pinch the sin oc the abdomen. 
Dees it go back: 


- Very sowhy (longer seconds}? | 
- Shot? 


| and if diarrhoea 
_ | 14 days or more 


in stool 


> if child has no other severe Cassfication: 
- Give fiuid lor severe dehydration (Pian C). 


> H child also has another severe classification : 
Refer URGENTLY to hospital with mother giving frequent 
sips of ORS on the way. Advise the mother to continue 
breast 

7H child is 2 years or older and there ls cholera in your area, 
give doxycycline for cholera 


) 
7 if child also has a severe Clatsification: 
SOWE Refer URGENTLY to hospital with mother giving frequent zips 
DEHYDRATION of ORS on the way. Advise the mother lo continue 
breastlecding 
rh rte TES whtEn tO (churn sremetatdy. 
| -Foulomep i 5 Gays f oct rrgronrg 


7 Gwe fad. zc supplemerts and food fo te2i danfcca a hore 
(Pian A). 

7 ABOGE OTE HTEN fo feem emeciatiaty. 

7 Followup n 5 days J rotimgrovrg. 


> Treat dehydration betore reterral unless the child has anottrer | 


severe classification 


7 havse the mother on feeding 2 Giid who hes PERSISTENT 
DIARRHOEA 
7 Give single dose of vitamin A. 


7 Treat for 5 days with cefixime-. 
> Treat dehydration 

> Give zinc supplements for 14 days 
7 Folloveup in 2 days. 
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AGE 2 MO 


SS Se 





ls it a PF (p.falciparum ) predominant area? Yes/No 
THEN ASK: LOOK AND FEEL: 


i Fever for how jong? # Look or feel for stiff neck. 


| ° If more than 7 days, has fever * Look for runny nose. 
® Look for any bacterial cause of 
fever. 


Classity 


Look for signs 
of MEASLES 


@ Generalized rash and 


@ One of these: cough, runny 
nose, or red eyes. 


| Test POSITIVE INEGATIVE/NA 


| Classify 
j rfosemnemesprenateacerenceeteeererreenseenntioss MASE EG 


| If the child has measles ¢ Look for mouth ulcers, 
now or within the last 3 Are they deep and 
extensive? 
@ Look for pus draining from the eye. 


* Look for clouding of the comea. 


| IF YES, 
* Is there ear pain? e Look for pus draining from the ear. 


+ Is here ear discharge?» Feel for tender swelling behind the ear. 
Hf yes, for how lang? 


’ , 
a 


RS 


je Any general danger sign or 
V Stiff neck 


| » Negative RDT/ RDT Not 
‘| Available and 
eNo other cause of fever. 


« Negative RDT/ RDT Not 
| Available and 
« Other cause of fever 
PRESENT 


e Any general danger sign or 

* Clouding of comea or 

e Deep or extensive mouth 
ulcers. 


e Pus draining from the eye or 
e Mouth ulcers. 


| Pusis seen draining from the eat 
and discharge is reported for | 
than 14 days, or 
° Ear pain. 


| Pusis seen draining from the 
ear and discharge is reported 
for 14 days or more, 


| No pus seen draining from the 
ear, 4 , ad 


n° No ear pain and 


\ ** Other causes of lever include cough oF cold, pneumonia, diarrhoea, dysentery and skin infections . 





VERY SEVERE 
FEBRILE 
DISEASE 


SUSPECTED 
MALARIA 


FEVER 
MALARIA 
UNLIKELY 


SEVERE 
COMPLICATED 
MEASLES 


MEASLES WITH 
EYE OR MOUTH 
COMPLICATIONS 


MASTOIDITIS 


ACUTE EAR 
INFECTION 


CHRONIC EAR 
INFECTION 
NO EAR 
INFECTION 






> Give first dose of ampicillin / oral amoxycillin and 
intramuscular gentamicin. 

> If PF Predominant area give first dose of IM quinine 
/artesunate after making a smear/RDT 

> Treat the child to prevent low blood sugar. 

> Give one dose of paracetamol in clinic for high fever( temp 
38.5°C or above). 

»>Refer URGENTLY to hospital. 


>Give antimalarial as per NAMP guidelines _ 

> Give one dose of paracetamol in clinic for high fever. 

> Advise extra fluids, continue feeding and advise about danger 
signs. 

>Follow-up in 2 days if fever persists. 

>If fever is present every day for more than 7 days, refer for 
assessment 





38.5°C or above). 
» Advise mother when to return immediately. 
> Follow-up in 2 days if fever persists 
> If fever is present every day for more than 7 days, 


» Give first dose of Vitamin A. 

> Give first dose of ampicillin / oral amoxycillin and 
intramuscular gentamicin. 

> If clouding of the cornea or pus draining from the eye, apply 
tetracycline eye ointment 

>» Refer URGENTLY to hospital 


> Give first dose of Vitamin A. 

» If pus draining from the eye, treat eye infection with 
tetracycline eye ointment 

> If mouth ulcers, treat with gentian violet 

> Follow-up in 2 days. 


_ 
= 


> Give first dose of ampicillin’ oral amaxycillin and 
intramuscular gentamicin. 

» Give first dose of paracetamol for pain. 

» Refer URGENTLY fo hospital 


» Give Amoxycillin for 5 days. 

» Give paracetamol for pain. 

> Dry the ear by wicking. 

> Followup in 5 days. 

» Dry the ear by wicking 

> Topical ciprofloxacin ear drops for 2 weeks . 
» Follow-up in 5 days. 





| - 
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AGE 2 MONTHS UP TO 5 YEARS 
THED N CHEC C (FOR ACUTE MALNUTRITION _ 


4. “ia SAS oy = aM me _- ue 3 : a a a i : . se Ate ae . _ noe 
LOOK AND FEEL: nt i * Serato ete Treat the child to prevent low blood sugac 

* Look for cadema of both feet. aN se ah O or MUAC less than 115 mm, COMPLICATED i 

* Determine weghi for heighviength"——Z score | . AND any one of the following: > Refer URGENTLY to hospital 

¢ Measure MUAC™__ mm in a child 6 months or older. ¥. White referral is being organized, warm the chitd 
Hf MUAC less than 115 mm, then: , s at 


7 Keep the child warm on the wey to hospital 
« Check for any medical complication present: 
> Give zppropriats antibiotic for 5 day 
>Counsel the mother on how to feed the chad 
7 Assess for gossiile TB rfecon 


e MUAC less than 115 mm 7 i“ 


@ Child is less than 6 months, assess breastfeeding. 


Does the child have a breastfeeding | e WFHLL between-3 and -2 SD | > Assess the chid’s feeding 4 cereloomect support care ax 
@ scores counsal fhe mother. 
7 @ feeding protien, ipfowio m5 cays. 


7 Assess for possible TS rfecson 
« MUAC 115 up to 125 mm 7 Advise mother when tb return sameciatey 
7 Followup in 30 cays. 


Or 


> H child ss less oan 2 years ac, assess Cu’s feeding & 
Or development support care 


> lf feeckng probiern, foloeup m 5 cays. 
e MUAC 125 mm or more 


aw UA? eos — oo oe. Se aye Og=st4 See Ew Oe ts 


SEVERE ANEMIA __| > Refer URGENTLY to bospatal 


» Give won folie acd Serapy for 60 cays 


\ » Assess the chic’s feeding 4 ceveicoment supportcare 
Classify ~ counsel the mother is 


ANAEMIA : - If feeding protiem, iidcweup in 5 cays. 
3 7 Advise mower when bb ertum mrad) 
> Fodowup in 14 days 
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MAKE SURE CHILD WITH ANY GENERAL DANGER SIGN Is REFERRED after or first d dose of an an appropnate antibiobc and ok WH ts Weight-tor-Heaght or Weghttortengen determined Dy using the WHO growth 

other urgent eatments | | standards charts 

Exception: Retrydration of the fii according Lo Plan C may resolve danger signs $0 that referral is no longer needed | fe ah Nee SIP elee ATTY Cee PROS ig ene pe at ae ere 
6 monts of older 

1 | 


-_—— --- ————— 








AGE 2 sale UP TO 5 YEARS 


a 







ee PKS 
raed: ES 

“THEN CHECK THE CHILD'S IMMUNIZATION *, PROPHYLACTIC VITAMIN A and IRON-FOLIC ACID SUPPLEMENTATION and 
DEWORMING § STATUS " 










: rs went f -._~ be 
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AGE VACCINE PROPHYLACTIC VITAMIN A 
Birth OPV-0+ BCG +HepB 0 Give a single dose of vitamin A: 













100,000 IU /1ml at 9 months with measles immunization 
200,000 IU/2 ml at 16-18 months with DPT Booster | 
200,000 JU /2 ml at 24 months, 30 months, 36 months, | 
42 months, 48 months, 54 months and 60 months | 


IMMUNIZATION 6 weeks OPV-1 + Penta-1 +Rota Virus" 
SCHEDULE: 10 weeks OPV-2 + Penta-2 +Rota Virus” 
14 weeks OPV-3 + Penta-3 +Rota Virus® + IPV* 
9 months Measles-1 
16-24 months Measles-2+DPT Booster + OPV 
60 months DPT Booster 









Ask; has the child (> one year) received vitamin A. If not 
given in 6 months, give vitamin A supplementation. 















DEWORMING STATUS: 
» Is the child 1 years or older? 
lf child more than 1 year and has not received de-vonning (in last 6 months), 


give de-wonning dose. 


PROPHYLACTIC IFA 


Give toa child after meals iron syrup 1 ml 2 times a week with an auto 
dispenser containing 20 mg elemental iron + 100 yg folic acid (IFA syrup) 
after the child has recovered from acute illness if : 

>The child 6 months of age or older. 





*A& child who needs to be immunized should be advised to go for immunization the day vaccines are available at AWC/SC/PHC 
# Wherever included in the immunization schedule. 


_ASSESS OTHER PROBLEMS 
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COUNSEL THE MOTHER 


| Feeding and Development Supportive Recommendations during Sickness and Health 


Birth up to 6 up to 9 months 9 up to 12 months 12 months up to 2 years 2 years and older ? 















6 months 

































« Breastfeed as often as the child wants 
* Start by going 2 to 3 tablespoons of food 

Gradually increase to % cups (1 cup= 

250 ml). 

— Mashed roti /rice/bread/biscuit mixed 
in sweetened undiluted milk or thick 
dal with added ghee/oil or Khichri 
with added oil/ghee. 

- Add cooked vegetables also in the 
servings. 

OR 

— Servian/dalia/halwa/kheer prepared in 
mild OR 

— Any cereal porridge cooked in milk, 
OR 

— Mashed boiled/fried potatoes. 

Give 2 to 3 meals each day. Offer 
1 or 2 Snacks each day between 
meals when the child seems hungry. 


« Give a variety of family foods to 
your child including animal 

source foods and vitamin A-nch 
fruits and vegetables. 


« Breastfeed as often as the child wants 
* Offer food from the family pot 
* Give at least 3/4 cup serving al a time of 


— Mashed roti/rice/bread mixed in thick dal 
with added ghee/oil or khichri with added 
oil/ghee. 

— Add cooked vegetable also in the servings 
OR 

— Mashed roti/rice/bread/biscuit mixed in 
sweetened undiluted milk Or 

— Sevian/daliah/halwa/kheer prepared in 
milk OR 

— Any ceral porridge cooked in milk OR 

— Mashed boiled/fried potatoes 
Offer banana/biscuit/cheeko/mango/ 
papaya 

« Give 3 to 4 meals each day. Offer 1 to 2 
snacks between meals. Continue to feed 
your child slowly patiently, 

* Encourage your child to eat. 


« Breastfeed as often as the child wants 

* Give at Jeast half cup serving at a time 
of: 

— Mashed roti/rice/bread/biscuit mixed 
in sweetened undiluted milk OR 

— Mashed roli/rice/bread mixed in thick 
dal with added ghee/oil or khichn with 
added oil/ghee. 

— Add cooked vegetables also In the 
servings 
OR 

— Sevian/dalia/halwa/kheer prepared in 
milk OR 

~ Any cereal porridge cooked in milk OR 
Mashed boild/fried patatoes 


» Breastfeed as often as the 
child wants, day and night 
at least 8 times in 24 hours 




























= Do not give any other foods or 
fluids not even water 













* Give at least 1 full cup (250ml) 
at each meal. 
«Give 3 to 4 meals each day. 


































































Remember 


»Continue breastfeeding if the 
child is sick 









* Give 1 or 2 nutritious food 
between meals, such as; 
banana/biscuit/cheeko/ 
mango/papaya as snacks 














































Remember 


* Ensure that the child 
finishes the serving 

* Teach your child was 
his hands with soap 
and water every ime 
before feeding 


* Give 3 to 4 meals each day. Offer 1 

or 2 snacks between meals. The 
child will eat if hungry. 

* For snacks, give small chewable ilems 
that the child can hold. Let your child 
try to eat the snack bul provide help 
if needed. 








Remember 

* Keep the child in your lap and feed 
with your own hands. 

* Wash your own hand child's hand 

with soap and water every time 

before feeding. 



























Remember 


« Sit by the side of child and help him to 
finish the serving 

* Wash your own hand child’s hand with 
soap and water every time before 
feeding. 

























Remember 

«Keep the child in your lap and feed 
with your own hands. 

* Wash your own hand child's hand 
with soap and walter every time before 
feeding. 


» Play: Make simple toys for your 
child. 
« Communicate: Help your child 


count, name and compare 
things. 



















e Play have large colourful 
things for your child lo reach 
for and new things to see 

























* Play: Actively play with your child, 
Give your child clean, safe household 
things to handle, bang and drop. 


* Communicate: Respond to your child's 
sounds and interests. Tell the child the 
names of things and people. 




























« Communicate: Talk to and 
respond to your child. Gela 
conversation going with 
sounds or gestures 

(copy your child) 


* Play: Give your child things to stack up, 
and to put into containers and take out. 


« Communicate: Ask your child simple 
questions, Respond to your child's 

atlompts to talk. Play games like 

“bye-byo” and * peck a boo”. 


«Play; Actively play with your child. 
Give your child clean, safe household 
things to handle, bang and drop. 
























* Communicate: Respond to your child's 
sounds and interasts. Tall the child the 
names of things and people. 


SS9Ul|| PooUp|jUD PUB [EJEUOSN jo yugwabeueW Peresbeju} 


* A good daily diet should be adequate ion quantily and include an energy-rich food (for example, thick cereal porridge with added oil); Meat, fish, eggs or pulses, and fruits and vegetables 
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Rights of Children 


The Constitution of India guarantees equality before the 
law to all citizens, and has pledged special protection for 
children. In 1992, India accepted the obligations of the UN 
Convention on the Rights of the Child and the Government 
has taken steps towards advancing child rights. These include 
formation of the National Commission for Protection of 
Child Rights (2005), National Policy for Children (2013), 
Right to Education (2009), Protection of Children from 
Sexual Offences (2012) and amendment to Juvenile Justice 
Act (2015) to protect, promote and defend child rights. 


United Nations Convention of Child Rights and 
Child Health Care 


The UN Convention has implications at policy and 
decision-making level and for practice or health care 
provision. It has positively influenced child rights 
pertaining to health and well-being. Physicians should 
have adequate knowledge of rights of every child in the 
area of child survival, identity, development, protection 
and participation. Pediatricians should understand the 
social determinants of child health and align themselves 
with child right organizations in advocacy efforts and 
lobby their local, state and national elected representatives 
to advance child rights (Table 32.1). 


The 2030 Agenda for Sustainable Development 
Goals (SDG) 


The UN General Assembly adopted the 2030 Agenda for 
SDG in September 2015. The SDG are for universal, 
integrated and transformative vision for a better world. 
They comprise 17 goals and 169 targets to wipe out 
poverty, fight inequality and tackle climate change over 
the next 15 years. The SDG aims to build on work of the 
millennium development goals (MDG) which, in 
September 2000, rallied the world on a 15-year agenda to 
tackle the indignity of poverty. 


India’s Approach to Promotion and 
Protection of Child Rights 


The Government of India upgraded an independent 
Ministry of Women and Child Development (2006) in 


786 


Rajeev Seth 


Table 32.1: Articles of the UN Child Rights Convention 


Article 
Article 2 
Article 3 


Article 5 


Article 6 
Article 9 


Article 12 


Article 14 


Article 16 
Article 17 


Article 18 


Article 19 


Article 20 


Article 22 
Article 23 
Article 24 
Article 27 
Article 28 
Article 30 
Article 31 
Article 34 


that apply to child health 
Purpose 
Protection from discrimination 


Best interests of the child a primary considera- 
tion: institutions, services and facilities responsible 
for the care or protection of children shall conform 
to the standards established by competent 
authorities 


Parents responsible for ensuring that child rights 
are protected 


Right to survival and development 


Right of the child who is separated from one or 
both parents to maintain personal relations and 
direct contact with both parents on a regular 
basis 


Right of a child to express their views, considering 
the maturity of the child 


Freedom of expression including seeking, 
receiving and imparting information 


Protection of privacy 


Access to information from mass media, with 
protection material injurious to child well being 


Assistance to parents with child rearing 
responsibilities 


Protection from physical and mental violence, 
abuse or neglect 


Special protection to children deprived of their 
families 


Protection of children seeking refugee status 
Rights of disabled children to special care 
Right to health and access to health care 


Right to an adequate standard of living 
Right to education 


Right to own culture and religion 
Participation in leisure ang play 
Protection from sexua] exploitation 





Rights of Children 


order to provide focus to the issues of women and 
children. The National Commission for Protection of Child 
Rights was constituted in 2007, which also provides for 
setting up state level commissions, meant for protection 
and promotion of child rights in the country. Besides the 
institutional, administrative and legislative framework, 
India has a strong presence of non-governmental 
organizations (NGO), a network of community-based 
people groups, which, along with media, act as watchdogs 
to protect human and child rights. The Government of 
India released a third and fourth combined periodic report 
(2011), which analysis the overall implementations of the 
UN Convention on Child Rights and challenges that 
impede the realization of these rights. 


General Measures of Implementation 


To implement the commitment to child rights, several 
policies, laws and programs have been introduced: 


National Plan of Action for Children (2016): The charter 
commits to rights of all children by creating an enabling 
environment for their survival, growth, development and 
protection. 


National Charter for Children (2003): This emphasizes the 
Government commitment to child rights, while 
enumerating children’s duties towards their families, 
society and the nation. 


National Policy for Persons with Disabilities (2006): The 
policy recognizes that majority of persons with disabilities 
can lead a better quality of life if they have access to equal 
opportunities and effective rehabilitation. 


Policy Framework for Children and AIDS in India (2007): 
This policy seeks to address needs of children affected by 
HIV/AIDS by integrated services within existing 
development and poverty reduction programs. 


National Rehabilitation and Resettlement Policy (2007): 
Under this policy, no project involving displacement of 
families can be undertaken without detailed social impact 
assessment on lives of children. 


National Urban Housing and Habitat Policy (2007): The 
policy seeks to promote sustainable development of 
habitat and services at affordable prices and provide 
shelter to children from disadvantaged families. 


National Policy for Children (2013): The Government 
adopted this policy to reiterate its commitment to rights 
based approach to children. 


National Legislations 


The legislative framework for children’s rights is being 
strengthened with the formulations of new laws and 
amendments in old laws. These include the Food Security 
Bill (2011), Right to Free and Compulsory Education Act 
(2009), Prohibition of Child Marriage Act (2006), 
Commissions for Protection of Child Rights Act (2005), 
Right to Information (RTI) Act (2005), Goa Children Act 


(2005), Child Labor (Prohibition & Regulation) Act (1986; 
notifications in 2006 & 2008 expanded the list of banned 
and hazardous processes and occupations) and 
Information and Technology (Amendment) Act (2008). 


Protection of Children from Sexual Offences Act (POCSO) 
2012: India has recently adopted the Protection of 
Children from Sexual Offences Act (2012). This is the first 
comprehensive law on sexual abuse in India which 
expands the scope and range of forms of sexual offences, 
makes reporting of abuse mandatory and defines 
guidelines for child-friendly police and procedures. 
Together with the Juvenile Justice Act (2000), this act has 
created an opportunity to ensure greater protection to 
children who have suffered abuse. Doctors are obliged to 
promptly and adequately respond to child victims. 
POCSO provides safeguards to the best interest and well- 
being of the child at every stage of the judicial process, in 
collection of evidence, investigation and trial of the 
offender. It provides protection of children from sexual 
offences (penetrative, non-penetrative), sexual harassment 
and pornography. The Act defines sexual assault to be 
aggravated when the abuse is committed by police, army 
personnel, doctor, management or staff of a hospital/ 
educational institution or if the abused child is mentally 
ill or disabled. Since the act defines child as anyone below 
18 years of age, adolescents are also included. 


Juvenile Justice (Care and Protection of Children) Act 
(2015): This Act replaces the existing Indian juvenile 
delinquency law and Juvenile Justice Act, so that juveniles 
in conflict with the law in the age group of 16-18 years, 
involved in heinous offences, can be tried as adults. The 
Act came into force from 15 January 2016. 


National Programs 


The Government of India is implementing several programs 
on social inclusion, gender sensitivity, child rights, 
participation and protection. These programs include: 
Integrated Child Development Services (ICDS), Kishori 
Shakti Yojana and Nutrition Programme for Adolescent 
Girls, Rajiv Gandhi Créche Scheme for children of working 
mother, scheme of assistance to home for children (Sishu 
Greh) to promote in-country adoption, Dhanalakshmi or 
conditional cash transfer schemes for girl child, Program 
for Juvenile Justice, Child Line (24 hours toll free number 
1098 with outreach services for children in need of care and 
protection), Integrated Child Protection Scheme (ICPS), 
Integrated Program for Street Children, Ujjawala (scheme 
for prevention of trafficking and rescue, rehabilitation, 
reintegration and repatriation), Sarva Shiksha Abhiyan that 
addresses educational needs of 6-14-year-old and bndges 
social, gender and regional gaps with active participation 
of community, National Program for education of girls at 
elementary level or Kasturba Gandhi Balika Vidyalaya, 
National Rural Health Mission (NRHM), Mid Day Meal 
scheme, Jawaharlal Nehru National Urban Renewal 
Mission, Universal Immunization Program and Integrated 
Management of Neonatal and Childhood Illness (IMNC]). 
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Role of Pediatricians in Realizing Child Rights 


The status and condition of children is the clearest 
indicator of whether nations and societies understand and 
respect human rights. Survival, early childhood care 
including health care, nutrition, education, growth and 
development, are crucial child rights and must be 
prioritized. Prevention of child abuse, neglect, protection 
and exploitation (street children, child labor, trafficking) 
are intimately linked to poor socioeconomic conditions 
and cultural attitudes. Parents who are illiterate and often 
ignorant of rights of children, must be made aware to 
demand these rights. Pediatricians should join hands with 
professionals, government, elected representatives, policy 
makers and administrators to ensure implementation of 
programs. 


CHILD ABUSE AND NEGLECT 


The WHO defines ‘child abuse or maltreatment as forms 
of physical and/or emotional ill-treatment, sexual abuse, 
neglect or negligent treatment or commercial or other 
exploitation, resulting in actual or potential harm to the 
child’s health, survival, development or dignity. The term 
child abuse has different connotations in different cultural 
and socioeconomic situations. In the Indian context, it is 
important to include children who are deprived of 
education, early development, basic health care or 
nutrition. Child labor and trafficking are the worst kind 
of child abuse. 

Major types of child abuse include: (i) Physical abuse: 
Acts of commission by a caregiver that cause actual 
physical harm or have the potential for harm; (ti) Sexual 
abuse: Acts where a caregiver uses a child for sexual 
gratification; (iii) Emotional abuse: Failure of a caregiver to 
provide an appropriate and supportive environment, and 
includes acts that have an adverse effect on the emotional 
health and development; and (iv) Neglect: Failure of a 
parent or guardian to provide for the development of the 
child, in one or more of the following: Health, education, 
emotional development, nutrition, shelter and safe living 
conditions. Neglect is distinguished from circumstances 
of poverty in that neglect can occur only in cases where 
reasonable resources are available to the caregiver. 


Features of Child Abuse and Neglect 


Injuries inflicted by a caregiver on a child can take many 
forms. Death in abused children is most often the 
consequence of a head injury or injury to the internal 
organs, Patterns of injury to the skin and skeletal 
manifestations of abuse include multiple fractures at 
different stages of healing. There is evidence that about 
one-third of severely shaken infants die and that the 
majority of the survivors suffer long-term consequences 
such as mental retardation, cerebral palsy or blindness. 
Children who have been sexually abused exhibit 
symptoms of infection, genital injury, abdominal pain, 
constipation, chronie or recurrent urinary tract infections 


or behavioral problems. To be able to detect child sexual 
abuse requires a high index of suspicion and familiarity 
with the verbal, behavioral and physical indicators of 
abuse. Many children will disclose abuse to caregivers or 
others spontaneously, though there may also be indirect 
physical or behavioral signs. Emotional and psychological 
abuse has received less attention globally due to cultura] 
variations in different countries. Moreover, corporal 
punishment of children, 1.c. slapping, punching, kicking 
or beating is a significant phenomenon in schools and 
other institutions. Child neglect can manifest as failure to 
thrive, failure to seek basic health care, immunizations, 
deprivation of education and basic nutrition needs. 


Strategies to Reduce Child Abuse and Neglect 


Child abuse and neglect should be placed on the national 
agenda, both as a social and a public health problem. The 
problems of socially marginalized and economically 
backward groups are immense, particularly amongst 
children in urban slums, street and working children and 
children of construction workers. Child labor cannot be 
abolished in the presence of abject poverty. However, the 
Government should make sure that working child is not 
exploited. The child must get time for education and must 
receive health care. The employer must provide care for 
children. The belief behind the legislation is that protection 
of the children against all forms of abuse and exploitation 
is a basic child right. Laws should be enforced. 

Child Protection services should also reach the rural 
areas. Panchayat officials should be given responsibility 
to ensure that basic education, nutrition, health care and 
sanitation is available for proper development of every 
child in their village. The panchayat should be duty bound 
to ensure that every child is in school and protected from 
agrarian and allied rural occupations as a part of family 
or individual child labor. | 

Pediatricians can do a great deal in recognizing, 
responding to and reporting child abuse. They are often 
the first point of contact of a child with abuse and best 
advocates for protection of their rights. They should be 
sensitized on how to use Protection of Children from 
Sexual Offences Act. Pediatricians should seek assistance 
from special juvenile police units, child welfare 
committees, toll-free phone service for children in distress 
(child line 1098), national and state commissions for 
protection of child rights and NGOs and direct families 
to these services. The Indian Academy of Pediatrics and 
the Indian Child Abuse Neglect and Child Labor group 


have brought out guidelines for pediatricians to respond 
to child abuse and neglect. 
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ADOPTION 


Adoption is an important alternative for the rehabilitation 
of children who are destitute and abandoned or, for social 
reasons, cannot be brought up by their parents. Medical 
practitioners and pediatricians play a vital role in 
influencing health and social decisions of their adoptive 
patients and should work closely with counselors and 
allied health professionals. ‘Right to a family’ is proposed 
as a fundamental right by the United Nations. Adoption 
agencies need to ensure that these rights are protected. 





Legal Aspects 


In India, only specialized adoption agencies recognized 
by the State Government can deal with adoption 
placement. Direct adoption placement by hospitals, 
maternity and nursing homes is not permitted. Central 
Adoption Resource Authority is an autonomous body 
under the Ministry of Women and Child Development, 
Government of India. It functions as a nodal body for 
adoption of Indian children and is mandated to monitor 
and regulate in-country and inter-country adoption. 
Prospective parents should be advised to read the 
guidelines from its website and follow the due procedures. 
The Government has notified guidelines, in pursuance of 
the Juvenile Justice Act (2000), that enables citizens of all 
religions the freedom to adopt a minor child, irrespective 
of whether he/she is a single parent and/or such adoptive 
parent/s adopt a child of the same sex, irrespective of 
whether he/she is a single parent and/or such adoptive 
parent/s adopt a child of the same sex, irrespective of the 
number of living biological sonse or daughters. Prior to 
2000, adoption was allowed to Hindus under the Hindu 
Adoption and Maintenance Act; other religious groups 
were governed by the Guardianship and Wards Act. 


Adoption Procedures 


A child, who has been relinquished by his/her biological 
parents or found abandoned, must first be presented to 
the Child Welfare Committee. This committee has the sole 
authority to declare the child free for adoption under the 
current law. In case of an abandoned child, the committee, 
after due investigations, declares the child as destitute and 
free for adoption. In case the biological parents want to 
relinquish a child, they have to execute a document in favor 


of the adoption agency, duly witnessed by any authority 
of the hospital and a relative. A waiting period of two 
months is given to the biological parents to reconsider the 
decision, following which the child is free for adoption. 


Prospective Adoptive Parents 


A child can be adopted by a married couple having 
infertility or voluntarily opting for adoption. Even single 
persons are eligible to adopt. Couples who have taken a 
decision to adopt should go toa registered agency, that is 
licensed to process adoption by both state government 
and the Central Adoption Resource Authority, Ministry 
of Women and Child Development, Government of India. 
Applications for inter-country adoption, of a child born 
in India, require to be forwarded by an accredited agency 
of the country of the adoptive parents, to a recognized 
placement agency in India and the Central Adoption 
Resource Authority. 

Social workers from the adoption agency provide 
guidelines and support to pre-adoptive parents, and help 
make informed decisions (pre-adoption counseling). A 
home study is conducted by the professional social 
worker. Additionally, parents are required to submit a 
document regarding their health and financial status. Once 
their application is approved, a suitable child is shown to 
them. After they accept the child, placement is legalized. 
The placement is followed for 3 years or until legal 
adoption is complete. The adoptive parents are assured 
confidentiality and provided support as needed. 


Role of a Pediatrician 


Pediatricians are often asked for advice prior to adoption; 

their role consists of the following: 

* Counsel and teach adoptive parents about the process 
of adoption 

Teach parents who wish to relinquish their child due 

to any reason, the correct procedure and to not leave 

children in public places or in unhealthy surroundings 

as this is unsafe and traumatizing 

Discourage private adoptions, since these are illegal 

Examine carefully babies brought from placement 

agencies, and explain a realistic diagnosis 

to the adoptive parents 

Repeat all essential tests that have a window period 

(HIV, hepatitis B) after 3-6 months, before placement 


Provide a supportive attitude to encourage adoptive 
parents to overcome their fears. 


and prognosis 
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